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Thermal Destruction of Streptococcus faecalis in
Prepared Frozen Foods a

THOMAS M. OTT,nHAMED M. EL-BISI and WILLIAM B. ESSELEX
Department of Food Technology
University of Massachusetts
Amherst, Massachusetts

Manuscript received January 9, 1960

SUMMARY

The thermal destruction rates of Streptococcus faecalis. ATCC 7080, were deter-
mined in a selected group of meat and fish precooked frozen products. Data on heat
transfer through these products in a hot air household electric oven, were also
obtained. Accordingly, the theoretical thermal treatments required to render such
products commercially sterile were computed following the procedure of the General

method of process calculation for canned foods with some modification.

[noculated

product tests w'ere also made to confirm the adequacy of the computed thermal

treatments.

It is concluded that the procedure adopted for establishing the thermal treatment

was accurate and proved feasible for this type of product.

Based on the thermal

resistance of our test strain, the heat treatments recommended on the commercial
packages seem to be adequate, provided the heating and cooling procedures are

similar to those followed in the present experiments.

In the case of one product

out of the five tested, however, the minimum recommended heating period fell short
of the computed thermal requirement for that product.

It has been generally acknowledged that
certain prepared. frozen”foods, meat and fish
Products |n particular, may present a poten-
| hazard from the public health vreW&Pornt
The setting of strict precautionary me sures
to. minimize _contamination and “to control
microbial activities throughout all phases of
rocessrn% storage, mar keting and consump
lon has Deen stron %recommene Pre-
Iminary steps ave een taken b certarn
industrial and requ atorgl groups |n 8orovr
Ing such measures: 6( , 9, 10,
213 14,15 16, 17 20, 2 24)
Th e present study was Initiated i ordler
3 determine “the thermal destruction
rates f Streptococeus faecalrs a relatively
thermoreésystant non-sporef ormrng bacterium
occasionally associated with foodl poisoning
outbreaks (1, 19, 20), In a variety of pre-
cooked frozen foods, ‘and (b) establish’ the
thermal requirements which” would  render

*Contribution No. 1225 of the Massachusetts
Agricultural Experiment Station, University of
Massachusetts, Amherst, Massachusetts.

bPresent address: Research Center,
Foods, Tarrytown, New York.

General

these products practically free of such bac-
terium. when heated In d hot air oven. This
Information, based on fundamental quantita-
five dafa, is essentral fo evaluate the(éotentral
hazard from either bacterral ?rowt or In-
fection which may be assocra ed with such
foods after bern eate]d to be served.

[t was.s ownt at the method ado ted for
determrnrng the theoretical thermal requrre-
ments for commercial sterrlrty In these types

of products was accurate an feasrble he

data also demonstrﬁte %enera that if
the directions on the commercial packag a es
are followed accurately the Ir]rrob em o In-
ection or mtoxrcatron from ons oreform-
mg bacteria will be %de uatel contr Iled.

n-one case however the recommended heat-

9 (Perro was short of satisfying the calcu-

thermal requirement.

EXPERIMENTAL

Test Organism
Streptococcus faecalis, American Type Culture
Collection strain No. 7080, utas selected as the test
organism in view of its comparatively greater tol-
erance to both cold and heat (8, 15, 23).



2 THERMAL DESTRUCTION OF S. FAECALIS

Cell Suspension

Various modifications of Trypticase Soy Agar °
(TSA), through adding different concentrations
and combinations of glucose, phosphate and yeast
extract, failed to improve significantly the growth
of the test organism. Other media such as Eu-
gonagar,d Brain Heart Infusion Agar'land Tryp-
tone Glucose Extract Agar,'lwere also tried but
showed no improvement over the TSA medium.
Thus, all of our cell suspensions were produced
on TSA. The stock culture was activated in
Trypticase Soy Broth (TSB) for 24 hr at 37° C
(98.6° F). The active broth culture was used to
spread a number of TSA plates. Plates were in-
cubated for 24 hr at 37°C (98.6° F) and were
then harvested in sterile physiological saline. The
crude crop was washed once in physiological saline
by centrifugation and the final suspension was col-
lected in an 8-oz prescription bottle containing a
layer of glass beads.

Initial cell concentrations were determined by
both the chamber and the viable plate count, using
TSA in the latter case. In making the chamber
counts both the total number of individual cells as
well as that of cell groupings were determined.
The viable plate count agreed with the count of
cellular groups and both were about half the indi-
vidual cell count. It was concluded that the viable
plate count can be used safely in establishing death
rates without significant interference of cell group-
ing on either rates or computed survival levels.

The stability of our cell suspensions was also
established over a S-week period. The weekly
plate counts indicated a slight increase towards
the end of the storage period. Simultaneous cham-
ber counts confirmed this apparent increase in
population by showing a steady total individual
cell count, but slightly increased counts of cellular
groups. Thus, one cell suspension was satisfac-
torily used over a 4- to 5-week period.

Establishment of tiie Thermal
Requirement

In order to determine the thermal requirement
for the sterility of a given food product, two
types of data are necessary: (a) bacteriological,
which describe the thermal resistance character-
istics of the test organism, and (b) physical, which
describe the heat transfer pattern through the
product under the same heating conditions to
which it will be exposed.

The bacteriological data involve the establish-

" Baltimore Biological Laboratory, Baltimore 18,
Maryland.
1Difco Laboratories, Inc., Detroit 1, Michigan.

ment of the thermal destruction rates of the test
organism at various heating temperatures. The
rate of destruction has been commonly expressed
in terms of the “D” value, the decimal reduction
time in minutes, or the time in minutes required
for 90% destruction.

From the above information the temperature co-
efficient of the death reaction is determined. This
coefficient is usually expressed in terms of the
“7" value, which expresses the temperature change
in degrees Fahrenheit which causes a 10-fold change
in the time required for a given degree of destruc-
tion.

A third value “F" has been introduced to de-
scribe the heating time in minutes required for
practical sterilization at 121° C (250° F). This
designation is suitable for bacterial spores which,
in general, can still resist exposure to such high
temperatures for measurable lengths of time. Deal-
ing with a non-sporeforming organism, we used
the same designation “F" qualified with a sub-
script indicating the heating temperature (°F)
and a superscript indicating the level of destruc-
tion in terms of numbers of log cycles reduction
in the intial population—e.g. “F i” expresses the
time in minutes at 165° F to achieve 99.99999% de-
struction.

The physical data, on the other hand, involve the
establishment of the heating rate of the product in
question at the slowest heating zone. In case of
products heating mainly by either conduction or
convection, the change in delta-T (temperature dif-
ference between the product and the surrounding)
with respect to “t” (heating time) is found to be
exponential, and the slope of such heating curve
is expressed in terms of “Fh”, namely, the time in
minutes required for 10-fold reduction in delta-T
(21).

Once the above two types of data are established,
various graphical and mathematical methods are
available to compute the thermal requirements for
the practical sterility of the product in question.

In the present study, the conventional Thermal
Death Time (TDT) Tube method was used in
determining the death rates (22), and the General
or Graphical method (5) was used in computing
the theoretical thermal requirements.

Test Products

The following 6 products, representing the pre-
cooked frozen foods, were selected.

1 Chicken a la king: a commercial recipe was
prepared in volume in the laboratory and frozen in
pint jars. This recipe contained cooked diced
chicken meat, chicken broth, all-purpose flour, cari-
oca starch, salt, milk (powdered skim), margarine,
frozen peas, sliced mushrooms, mushroom broth,
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chopped pimiento, chicken a la king seasoning, and
water.

2. Beef Pie: a commercial product which con-
sisted of beef broth, cooked beef, potatoes, carrots,
peas, wheat flour, starch, tomato puree, salt, flavor-
ing, caramel coloring and water; in a crust con-
sisting of wheat flour, shortening, dextrose, salt
and water.

3. Tuna Pie: a commercial product which con-
tained tuna, peas, whole fresh milk, shortening,
starch, flour, butter, peppers, onions, liquid tur-
meric, salt, seasoning, monosodium glutamate and
water; in a crust made of flour, shortening, sugar,
salt and water.

4. Lobster Pie:a commercial product whose in-
gredients included lobster, peas, mushrooms, milk,
butter, cheese, mustard, cream, shortening, corn-
starch, salt, spices and water; in a crust composed
of flour, shortening, sugar, salt and water.

5. Fish Sticks: a commercial product made of
haddock centers; coated with a special batter which
consisted of bread crumbs, wheat and corn flour,
salt, leavening, dextrose, spices and water. The
final product was French-fried in vegetable oil.

Destruction Rate Apparatus
and Method

The TDT Tube method was used in establishing
the thermal death rates of the test strain, heated in
various menstrua, made of the 6 test products
previously described.

A constant-temperature water bath was used to
achieve and maintain the required heating tempera-
tures within + 1°F. Death rates were established

Thermal

at 4 different temperatures: 60° C (140° F),
655° C (150°F), 71°C (160°F), and 74°C
(165° FT

In preparing the various heating menstrua, the
ingredients of each product other than crust, were
macerated in a Waring blender with equal parts of
distilled water for 5 min. Due to the high starch
in the frozen codfish cakes, 3 parts of water were
used rather than one to facilitate handling with a
pipette. One hundred ml each of the blended sam-
ples were placed in clean empty dilution bottles.
The bottles were capped loosely and sterilized at
121° C' (250° F) for 15 min. The pH of all result-
ing menstrua fell within the low acid range (pH
6.1 to 6.4). All menstrua were prepared on the
same day they were used.

The inoculation was performed by aseptically
pipetting 1 ml of the cell suspension into the steri-
lized dilution bottle containing the 100 ml heating-
menstruum. The resulting cell concentration was
between 2 and 3 x 107 cells per ml. Two ml of
the inoculated menstruum were aseptically trans-
ferred into each of the sterile TDT tubes (9 mm

0D, 1 mm thickness and 150 mm long—Pyrex
glass). The tubes were flame sealed and held in
an ice water bath long enough to equilibrate in their
initial temperature before heating.

An adequate number of TDT tubes were loaded
in pairs into small wire mesh baskets. The baskets
were hung on a steel rod and submerged at zero
time in the pre-set heating water bath. At the com-
pletion of the preselected heating periods, the cor-
responding basket was removed, immediately im-
mersed in ice water and held until needed for
plating. Each tube was then broken open and the
contents transferred aseptically into a sterile test
tube. Serial decimal dilutions were made and sub-
sequently plated out in triplicate, using TSA con-
taining 0591 glucose and 0.0049; Brom Cresol
Purple indicator. Because lower dilutions were
difficult to count due to the carry-over of food
particles, Brom Cresol Purple was helpful in dif-
ferentiating the developed colonies. A yellow zone
due to acid production by the growing organism
was evident around the colonies. No difference in
recovery levels was found due to the added glu-
cose and/or indicator.

For the establishment of the thermal destruction
rate (TDR) curves, the experimental log counts of
survivors were plotted versus time. All heating
times were corrected for the heating and cooling
lags of TDT tubes at each temperature using simi-
lar procedure as described by Sognefest and Ben-
jamin (18). Table 1 presents these computed lag

TABLE 1

Lac Correction Factors Determined for
Chicken a la King in TDT Tubes Heated
in a Constant- Temperature W ater Bath

CQIOH

tenqsg} EX an ntaI mg rﬂ orl
(CF) (wmntc) (mmute) (mmute)
140 1.50 a1 19
150 1.50 14 76
160 150 19 !
165 150 76 T4

LFor intervals less than 15 minutes, the corre-
sponding equivalent holding times, as interpreted
on the corresponding lethality rate curve, were sub-
stituted directly.

correction factors. The points showing apparent
linearity were fitted with a straight line, using the
method of Linear Regression (19). The D values
describing the slope of the TDR curves were com-
puted from the corresponding regression coeffi-
cients.

For the establishment of the thermal reduction
time (TRT) curve, the TDR curves were extrapo-
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lated, if necessary, to the EI level and the respective
times were then interpreted on the abscissa. The
logarithms of these thermal reduction times were
plotted against their corresponding heating tem-
peratures. The z value was then interpreted on this
curve.

The above procedure was completed in the case
of the chicken a la king. In the case of the other
market products the various death rates were de-
termined only at 65.5° C (150° F) and the “z” value
determined for chicken a la king was used in con-
structing their own corresponding TRT curves.

Heat Transfer Data

In the conventional method of determining the
thermal process for canned foods, the desired steri-
lization values at a given retort temperature are
generally beyond the lethality levels achieved during
the come-up and cooling of the food product, thus
permitting the point of the slowest heating to
achieve maximum temperature at most of the
lethality levels tested. However, if lower steriliza-
tion values are desired, where maximum tempera-
tures are not reached at the slowest heating point,
the immediate water cooling of the hermetically
sealed container does not allow an internal rise in
temperature upon the termination of the heating
period. This makes the over-all composite heating
and cooling curve of the canned product sufficient
to compute the sterilization values desired.

In the present situation the products concerned,
as well as the method of heating and cooling, were
different; namely, an exposed frozen food product
heated in a hot-dry-air oven and air-cooled at room
temperature. In addition, the test organism is of
the non-sporeforming type with much lower thermal
resistance than the spores conventionally used in
the case of canned products. In this situation the
internal temperature of the product never reaches
that of the oven, and will not exceed several de-
grees beyond the atmospheric boiling point of
water, depending on the kind and percent of the
soluble solids. The product come-up and cooling
lags are relatively longer and of most importance;
high sterilization values are achieved long hefore
the point of the slowest heating (found to be
approximately at the geometric center) achieves
maximum temperature. Therefore, throughout the
heat transfer studies the product had to be removed
long before the central point reached maximum
temperature. Due to the vast difference in tem-
perature between the outer layer of the product
and its central point, and due to the relatively
slow cooling, there is always a post-heating tem-
perature rise at the central point upon removal of
the product from the oven. This post-heating rise
had to be accounted for and integrated as a part of

the thermal treatment. This was accomplished by
removing the samples from the oven at predeter-
mined times, continuing the temperature readings
during the post-heating rise and the subsequent
cooling period down to sublethal levels.

Because the temperatures, upon removal from the
oven, w'ere considerably different in the replicate
samples, a removal time vs sterilization value rela-
tionship could not be developed. To overcome this,
the removal temperature was used instead and the
minimum removal temperature necessary to achieve
commercial sterility was determined. The corre-
sponding time for this minimal temperature was
interpreted on the slowest heating curve for each
particular product.

In this study, the oven of a household electric
range w'as used as the source of heat. The oven
thermoregulator was calibrated against our thermo-
couple measurements. In all but one product the
oven temperature w'as maintained at 218.3° C
(425° F), while with the cod fish cakes the tem-
perature w'as held at 232.3° C (450° F) according
to the producer’s recommendation. For determining
the heat penetration patterns in the individual prod-
ucts, a 24-station Brown indicating potentiometer
was used.

The chicken a la king was used as a control
product to insure uniformity throughout the entire
study. Portions, 175 g each, w'ere filled into 15
Pyrex glass dishes of uniform size (3 inches in
diameter and lpi inches deep). The hot junction
of a 24-gauge fiber glass insulated thermocouple
wire was placed in the geometric center and held
in place by means of a !i inch wire mesh resting
on the circumference of the container. A prelim-
inary study indicated that the geometric center of
the products used was the point of the slowest
heating. The 15 dishes W'ere placed in a freezer
and frozen to a temperature of 0° F. Three frozen
samples at a time w'ere placed on an aluminum
tray and into the preset oven. Initial temperatures
were recorded and readings w'ere taken every 3 min
until the lethal temperature range was reached
during which time 1-min intervals were used. At
the predetermined times, the 3 samples w'ere re-
moved and placed on a table top w'here they con-
tinued to heat at the center and finally cooled.
Readings were continued until sublethal tempera-
tures were reached. With the exception of the time
intervals for temperature readings and the method
of securing the hot junction of the thermocouple,
the same procedure w'as used in determining the
heat transfer patterns in the other products. In the
pies, the thermocouple lead was forced through the
bottom of the crust to the approximate geometric
center. The insulated wire Was then led between
the pie and the aluminum boat which contained the
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pie, outside the oven to the potentiometer. In the
case of fish sticks and fish cakes the hot junction
was inserted through the side of the product at the
approximate geometric center.

Thus, IS sets of heat penetration data were ob-
tained for every product over a wide range of
removal temperatures. From these data the cor-
responding sterilization values were computed by
the General method, using the proper F and z
values for the respective product; the desired
theoretical heating times for the test products were
finally interpreted as described previously.

Inoculated Product Test

Fifteen samples of each product were used in
groups of threes. One group was given the theo-
retical heating time, two groups were overheated,
and the remaining two underheated. The purpose
was to determine how close the calculated time
agreed with the actual inoculated pack recovery
data. The off-theoretical times were also deter-
mined in accordance with the respective steriliza-
tion-removal temperature curve.

The entire inoculum was placed in the center
(critical zone) of the product and the amount in-

5

oculated was based on 106 cells per gram. The
inoculation was performed by using a sterile syringe
and 18-gauge needle. No more than 1 ml was
inoculated into each sample. All samples were
frozen for a 22-hr period prior to heating in the
oven. An exploratory experiment to determine the
effect of freezing on the test organism contained
in the product -indicated 10091 survival after 22 hr
in a freezer maintained at —23.3° C (—10° F). The
temperature of the oven was maintained constant
by checking periodically the thermocouple reading.

Each group of samples was heated for the pre-
determined time interval and placed on a table top
for post-heating rise and cooling. Each entire
sample was then placed in a sterile Mason jar and
an equal amount of sterile distilled water added.
Once again, the fish cakes required a 3 to 1 ratio
of water to product. A sterile Osterizer blade
adaptor was placed on each Mason jar and the
sample was macerated at high speed for 2 min.
Twenty separate one-milliliter direct transfers
from each sample were plated quantitatively, using
TSA with the BCP indicator. The plates were
incubated at 37°C (98.6° F) for 48 hr and the
results were read.
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Fig. L Thermal destruction rate curves of streptococcus faecalis heated in chicken a la king at vari-

0uS temperatures.
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RESULTS AND DISCUSSION'

Thermal Destruction in Various
Heating Menstrua

Frctrure 1 shows the TDR curves con-
structed for the test orqanrsm heated in
chicken a la king. The solid ines represent
the portions of the curves fitted by linear
regression, .whereas the dotted parts repre-
sent the injtial lags, which were frequently
encountered. It IS’ believed that these' initjal
Iacis are que, at least i part, to the multi-
cellular grouping and possibly  additional
clumping”of the™ test organism™ during the
heatrngi The time intervals on the ab3cissa
were all corrected for 5he heating and cooling
lags, as mentioned earlier.

The values from Figure 1were used
in constructing the TRT curve for chieken-
a la king (Fig. 3, curve A). The "z" value
was then com?uted from the above curve and
used to calcu _
quired for the chicken a la king product. It

LOG S

FISO VALUES

(MIN)

CURVE PRODUCT D VALUE

(MIN)

2l A CHICKEN-A-LA-KING 1.9 18.0
8 BEEF PIE 20 18.4
C TUNA PIE 1.9 18.2
Wk D LOBSTER PIE 1.6 17.8
E FISH STICKS 23 227
F FISH CAKES 1.9 16.0

(o]

ate the thermal treatment re-

was interesting that the 4 different "F.J."
values defineg” a reasonably straight line
without need for the regression, fitting.

The same “z" value Was used In construct
ing the TRT curves for the re“marrun
heatr menstrua Too%arn an “FT vadu
needed to anchor each o tese curves e-
struction rates at 655° C were
determrned The resulting T R curves are
shown In |gure2 constructe in the same
manner, descrrbe revrous lv The |nter
preted "F/-" val ues from Fig ure 2 show
very sIrght ‘difference among c icken a la

begf, tuna and lobster pies, Therefore
t e TRT cUves for these_products are all
reﬁresented by curve A in Figure 3. ()n the
otner hand, fish sticks showed a higher “Fir,,"
value whereas fish cakes showed a lower_ong.
and are thus represented by separate TRT
curves (Fig. 3. curves B and C). It should

he mentiongd, however, that the “D" values
as well as the mitial Tags exhibited by the
%DF]g clurves showed gréater variation” than

e final - .1

values “which are in fact, the

Il
4

5 T 19)
TIME

’ 15
( MINUTES )

20 25

Fig. 2. Thermal destruction rate curves of Streptococcus focculis heated at 655° C (150° F) in vari-

ous heating menstrua.



OTT, EL-BISI AND ESSELEN
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Fig. 3. Thermal reduction time curves for Strep-
tococcus faccalis heated in various heating menstrua.

160 165 170

over-all net result of such variations. Table
2 summarizes all the thermal destruction
data obtained.

Heat Transfer Data

Fifteen heat transfer curves were con-
structed for every test product to furnish

TABL

7

the data necessary to establish the subsequent
sterility rate cufves. These, In turn, were
used t0 construct the final sterilization value
vs removal tem?erature curve. The 5 test

roducts exhibjted th% foll owm avera%;e
F values: chicken  la king, beefPe
34 tuna pie, 45; Iobsterp 8: Tish

sficks, 15; RN fis cakes, 3.2 min. Figure 4

156

TEMPERATURE DURING HEATING (F)
TEMPERATURE DURING COOLING (*F1

v

HEATING CURVE

COOLING CURVE

e

1 L
45 60 so
TIME (MINUTES)

Fig. 4 Fleat transfer curve for chlcken a la king
samples removed from oven at 34 minutes.

o 15 3‘0

E 2

Summary ok Thermal Destruction Data of Streptococcus faecalis
Heated in Various Heating Menstrua

Product "D" values Lat r F)

w 1m0 1
Chicken-a-la-king 1350 190 .33 (07
Beef Pie 220 200 332 T
Tuna Pie 11252 190 28" 07"
Lobster Pie 10.502 160 242 0942
Fish Sticks 1570 230 35" 132
Fish Cakes 1125 190 332 07

“Ft7" values at é)o F) " values comEuted from
w 16 Decurve * Fefourve 5
128 180 242 95 123 118
128 184 242 95"

128 182 2AZ' .95

8 178 2424 95

157 227 325 120

12" 160 2.4 85"

1Computed from the regression coefficient for the linear portion of the TDR curve.
2Computed from the corresponding “Di»," value and the “z" value from the TRT curve for

chicken & la king.

1 ‘Computed from the corresponding F'», value and the "z" value from the TRT curve for

chicken a la king.

‘TRT curve constructed from log D vs T °F.

“TRT curve constructed from long FT, vs T

°F.
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presents an example of the heating and cool-
Ing curves obtained. This curve Was chosen
to represent the sample of chicken a la king
removed at the temperature closest to thal
interpreted later for the computed theoretical
thermal treatment for this product.

Sterility Rate Curves

The concept 1/t was used to establish
these curyes,_and, therefore, a sterilization
value of ONE was the value sougnt for the
theoretical thermal treatment. The 1/t value
was computed according to the formula :

| 1 4 T-165
{Er log-1
t=time in minutes for 7 log cycles of
destruction at a given température T.

Figure 5 represents a sample of the 15 steril-
Ity rate curves obtained for each product,
This particular curve corresponds to the heat
transfer curve shown in Flgure 4,

It IS very important to_note that although
the product was removed from the oven when
the central temperature was still 137° F (at

.20

STERILITY ACQUIRED DURIN(
THE POST HEATING TEMPER-|\
ATURE RISE OUTSIDE THE
OVEN.

1
/t ISTERILIZING RATE)
2 s

o
&

.04

02 STERILITY ACQUIRED

\
DURING ACTUAL HEAT-{
ING IN OVEN.

N\
\

20 30 60 70 80

?I?AE (MlNUﬁ’OESl
Fro. 5. Sterility rate curve for chicken a la king
samples removed from oven at 34 minutes.

the end of 34 min). it reached a maximum
of 156° F hefore it started to_ cool down
slowly. Upon integrating lethalities acquired
at the measured POInt, it {5 apparent that
nearly all the sterilization dose was accom-
plishéd durln% the post-heating temperature
rise outside the oven. This siresses the sq-
nificance, n our procedure, of the slow cool-
Ing at room temperature. Factors which
would accelerate the cooling rate would sig-
nificantly diminish the stefilization dose of
our confputed thermal treatment and would
resylt in a still-contaminated product, We
cooled the Product on the laboratory bench
In a still atmosphere at an average' indoor
summer temperature of 85-90° F.

Sterilization Value-Removal
Temperature Curves

Data collected from the sterility rate
curves, expressing the various sterifization
values correspon mg to various heat freat-
ments, were then plotted versus the internal
temperatures at which products  were re-

lqure 6 illustrates,

moved from the oven.

-

MINIMUM TEMPERATURE FOR .
STERILIZATION VALUE OF | IS
131.50°F THE CORRESPONDING
TIME FOR THIS TEMP, /
INTERPRETED ON THE

SLOWEST HEATING

/
CURVE IS 33 —
MINUTES. /

| o — 8
ol N - S
110 120 130 140

TEMPERATURE <°F)

Fig. 6. Sterilization values for Streptococcus fac-
cahs corresponding to the temperatures at which
chicken a la king samples were removed from the
oven.

as. an example, the curve obtained for
chicken a la mq. The curve appears to he
of an exponentidl nature as contrasted with
the linear relationship we get when time is
substituted for temperaturé on the abscissa
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in a similar plot, the standard practice fol-
lowed n_computing the thermal” process for
canned foods. This Is to be expected, a
suming that temperature differgnce IS an
exponentlal function of the heating time,

t should also be mentioned that"the wide
vanatlon among triplicate samples i the
sterilization valles acquired, as well as the
erratic values we encolintered several times,
such, as lower sterilization values at longer
heating times, call for more Premse and
improved means of locating the thermo-
couples and maintaining them at the same
point throuqhout the processing as WeII as
more contro led cooling conditions. In con-
structln([]n these curves we  selected from
among the |S sets of data per roduct onx
those we felt arg in agreement and wh |c
were adequate in every case o furnish a
satisfactory illustration of the relationship in
question. ~ On the ~visually constructed
curve, we interpreted the removal tempera-
tUres corres ondln% to a sterilization value
of ONE. The procgss time corresponding to
such removal temPerature was |nterpréted
on the Slowest heating curve of the product
In question, and this was the theoretical
thermal treatment time sought.

Inoculated Product Test

Based on the times computed for the vari-
ous theoretical thermal treatments, In fhe
manner outlined so far, 5 different heating
levels were selected for each product, twd
above, one af, and two below the comEuted
sterilization level. The inoculated ex-
periment was then run as described previ-
ously. Results are presented In TabIe 3

As can be seen from Table 3, the recovery
data were In fair agreement with the theo-
retically determlned thermal treatments The
chicken a Ia k|n e% % o nster |e
showed sterilization by te completion o
the theoretlcal treatment e 3 remalnlng
Pro ducts required a few mlnutes beyond th

heoretical nheating tlme Growth™ on the
Posmve plates, |n all cases, was %nca of
he test organism macroscopically arid micro-
scopically.

In th? gse of the 5 commercial roducta
used, ut one producer recommende
heating _times more than sufficient for the
destruction, of the test organism. The mini-
mum heatlnq eriod recommended on the
package for the lobster pie was 30 mip but
survival of the test organism was Still e
countered at 3L min, A one-minute dlffer
ence can lead to significant reduction in
lethality acquired. An added safety factor
In these inoCulated product experiménts was
the hlnh inoculation at the center of the
produc Ithou?h the over-all concentration

bacterial cells was approximately one
m|II|0n cells per gram of product, the entire
inoculation wag placed in'the zone of slow-
est heattng Assuming some migration of
the inoculated cells, a onservatlv estlmate
of the concentration af the center of the prod-
uct would be ten million bacterial ceIIs per
gram. Maximum contamination levels re-
ported |n the literature were of the latter
ma1gn|tu €.

he choice of the present test strain of
Streptococcus faecalis was based E)nmanl

TABLE 3
Recovery Data from the Inoculated Product Test

Chicken @ la king Beef Pie Tuna Pie

Time 1 Recovery 2 Time Recovery Time Recovery Time Recovery Time Recovery Time Recovery

(min) (min) (min)
23 +++ 22 44+ 23 +++
8 - 21ttt 28 ttd
33 32 33
38 37 38
43 42 43

on its greater thermal resistance (15, 23
Lobster Pie Fish Sticks Fish Cakes
(min) (min) (min)
260ttt 3 t+4 475 +++
3 +++ 5  +++ 1.75 4
T t++ 1075 +++
4 E ' 1375
46 16.75

1The theoretical sterilization times are underlined.
2Each one of the three signs represents the recovery results in the twenty subcultures made

out of each sample.

The + sign indicates growth in one or mare subculture.
The —sign indicates no growth in any of the subcultures.
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However, further confirmator

THERMAL DESTRUCTION

studies on

the thermal resistance of different strains
of the enterococcus group and possibly other
related non-sporeforming types are necessary
befgre the final choice of the test strain is
made.

L

10.

11,

12,

. Canale-Parola, E., and Z. J. Ordal.
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SUMMARY
Application of the 24-dinitrophenylhydrazine method of Roe and co-workers
to plant extracts, wherein ascorbic acid was present largely or completely in the
form of DHA and DKA, resulted in abnormal data, in the sense that the value of

AA + DHA —DKA was significantly lower than that of DHA + DKA.

Such a

discrepancy, though not to the same degree, was observed also when the analyses
were carried out on solutions of DHA. The loss is believed to take place during
Ha$S treatment, there being a correlation between the extent of loss and the duration
of H2S treatment, in the majority of the experiments.

The method of Rog and Kuether (7), as
gr%drféed y Roe and _co-workers (8 Cvga]s

Kus In studies on vitamin
tent and the drstrrbutron of AA,a DPfA and
DKA in vegetables (9). The method con-
Sists In estimating DHA and DKA to ether
(Step 1 y.coupling with DNPH
sep arate after é)rror reductron of DHA
wrt and tecom bined value
of aII the three forms A and
DKA) after bromine- oxrdatron of the solu-
tion obtained on reduction with H2S (Step
3).. Fresh veg etables and their boiled prepa-
r trons contarned on ey 3 small gro ortion’ of
vrtamrn el ngresent
mostly |n the form of AA ( [eezin
over a period of days and subse uent thaw-
mg in contact with air led to co [r))ete frans-
formation of AA info DHA and DKA In the
case of fifter gourd (Momordica charantia)
and caulrflower (Brassica oleracea botrytis).
Mills and co-workers (5 reported %hat the
vitamin wi ?] nresent mostly In the form of
AA"In fresh oo materral Whereas stored
oranﬁe juice contained consrderable amounts
of te oxidized prodycts. In_our hands
app |cat|on of the method of Roe and co-
workers ( ?] t0 veg etables frozen and sup-
sequently . thawed, or to homorir%nahes In
water of fres trss(ﬁre preEaredw the alg
of a Waring blender, resulted in abnormal

aThe following abbreviations will be used: AA—
(reduced) ascorbic acid; DHA—dehydroascorbic
acid; DKA—diketogulonic acid; DNPH—24-
dinitrophenylhydrazine.

il

data, in the sense that the valug of Step 3
A+ DHA + DKA) was srrlrnr |cant¥
lower than thevalue of Step I (DH
DKA). The treatments were such that AA
of thé vegetables was transformed aIm?sf
completely” into DHA and DKA. ~ Similar
discrepancies were also encountered. when
Bfe analyses were carried out on solutions of

MATERIALS AND METHODS
Treatment of Plant Tissue

In studies on storage, bitter gourds were held
frozen at —18’ C in a deep-freeze and thawed at
room temperature after slicing. In other experi-
ments the fresh vegetables were cut and then
frozen. The thawed tissue was extracted with 5%
HPOa containing SnCh, according to standard
practice (1). Homogenates in water were prepared
by grinding fresh bitter gourds in a Waring
blender; the ground material was filtered through
muslin and made to volume.

Preparation of DHA Sotution

AA (E. Merck) was dissolved in glass distilled
water and the solution was agitated with a drop
of liquid bromine. The supernatant was decanted
and freed from dissolved bromine, by bubbling
water-saturated air. Aliquots of the DHA solution
were diluted with HPOa containing SnCb so as
to give a final concentration of 5 gg of DHA
per ml in 5% HPOa containing 0.5% of SnCh.
Aliquots of this solution were directly utilized for
Step 1 analysis. Other aliquots were treated with
H»S, a portion of the resulting solution utilized for
Step 2 analysis and the rest oxidized with bromine
and used for Step 3 analysis.
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In other experiments use was made of a sample
of Dehydroascorbic Acid” (“93% pure Methanol
complex”). The material was received in a sticky
condition and was slightly yellowish in color. A
small amount of the solid was dissolved in 5%.
HPCL and aliquots of the solution were analyzed
according to the 3 Steps outlined above.

The values for DKA, DKA + DHA and AA +
DHA + DKA were expressed in terms of mg of
AA from which they were derived. A Klett-
Summerson colorimeter with filter No SO was used
for comparing the colors.

RESULTS

A. Analysis of Bitter Gourds Stored
Frozen and Thawed

Data obtained for the analysrs of whole
bitter gourds or cut material, “storeq frozen
and subsequently thawed, are given in Table

The materjal used i the analyses was
taken from different batches of vegetable;
also, the analyses were performed on differ-
ent days. It"is, therefore, not Intended to
comir[r]are the. values from the individual ex-
eriments. It may also be mentioned that
rn these exPerrm nts special care had not
been taken to gas the various samples with

TABLE 1
Analysis of Frozen and Thawed Bitter Gourd

erAZ DK@tepqrA gtgba%

i mg/100 g raze tissue
Experiment |

(whole vegetahle

frozen) 205
Experiment 11

(whole vegetahle

frozen)
Experiment 1

(cut vegetable

frozen) 16.9 79.1 709

H2S for identical periods of time. It was
observed, In fact that the time taken, for the
sep aration of SnS differed in the various ex-
Berr gnts in some cases the precipitate ap-
e O et o o that in evr
The dafa in Table 1 show that in eve
case the valug obtarned In Step 3 was Iesy
than that in Step 1

bManufactured by Nutritional Biochemicals Cor-
poration, LTS.A.

84.0 61.6

219 95.2 88.0

B. Analysis of Homogenates of
Bitter Gourd

The data reported in this section were
obtained durrn% the course of experrments
In progress in this aborato on the pathway
of transformatron of . Homog enates

rtter Vgourd in water prepared wrth the
ar o a Waring blender, were rncubated and
analyzed at regular intervals for AA,
and"DKA. In"a second set of ex errments
a definite amount of DHA was added to the
homogenates before incybation. In these ex-
errments also, special attention was not
Bval to keeping constant the period_of qassrng

Ith H2S, " The data are given in Tab

TABLE 2
Analysis of Homogenates of Bitter Gourd

T a o oy

mg/100 g raw trssue

Homoge- Initial
nate analysis  14.0 95.7 83.4
30 Min. 233 95.7 72.9
60 Min. 280 100.3 72.9
looo%d%e_msue +
Homoge- Initial
nate analysis ~ 38.0 131.0 82.0
+ DHA
solution 60 Min. 380 129.0 78.0

The data show that the differences be-

tween the values of Step 3 and SteiJ1 1 analy-

s were even more pronounced than those
served with frozen ‘tissue.

C. Effect of Passing HXS for Varying
Periods of Time

In an effort at elucidating the mechanism
of the loss encountered in the above experr-
ments, H2S was passed for var rn neriods
of time at room temperature th roug Wu%ts
of squtrons of D A Rregare eithe
bromine-oxidation of A dissol vrn
commercial DHA). mmedrately after H25-
treatment, the particular solution was de-
rlrassed and, when the aliquot gassed for the
ongest period was, ready, thé final assays
were carried out simultaneously on all”the
samples, In this way any effect of contact
with acid was equalized 1n all the samples,
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the onI%/ variable bein([] the length of ex-
3osure 0 HoS. The dafa are givén in Table

TABLE 3

Effect of Passing H»S for Different
Periods of Time

Sy DR

Readings on Klett-Summerson colorimeter
Experiment 1" DHA prepared by bromine oxida-

tion of AA
fa) 15 140 126
fb) 20 140 114
(c) 23 140 108
Experiment 22¥* DHA prepared by bromine oxida-
tion of AA
(a) 17 160 140
(b) 18 169 137
(c) 18 169 140
Experiment 3:i: DHA prepared by bromine oxida-
tion of AA
(a) 22 138 129
(b) 2 138 116
(c) 20 138 120
Experiment 4*: DHA prepared by hromine oxida-
tion of AA
(a) 14 140 130
(b) i 140 115
(c) 19 140 120
Experiment 55% commercial DHA ; fresh solution
(a) 54 143 140
(b) 56 143 129
(c) 54 143 119

Experiment 6°; commerical DHA ; solution stored
frozen for 3 weeks
(a) 222 252 240
fb) 200 252 224
Experiment 77: commercial DHA; solution stored
frozen for 3 weeks
fa) 121 188 157
fb) 127 188 160

1(a) H2 passed for 15 min. th) H2S passed for
60 min. Precipitate of SnS appeared after 10-12
min in both (a) and (b). (c) Solution was gassed
with H2S for 3 min during which time no precipi-
tate was formed; delivery and exit tubes were
closed with screw clips, and the solution left aside
for 42 min. ELS was then passed for 15 min to
precipitate SnS.

"ELS passed for 15 min. (b) ELS passed for 30
min. (c) ELS passed for 60 min. Precipitate of
SnS appeared after 10-12 min in all three cases.
The solution taken for analysis corresponded to
6 ttg/ml of DHA instead of 5 /tg/ml.

3(a) H2S passed for 15 min. fb) H2S passed
for 60 min. Precipitate of SnS appeared after 10-12

The data in Table 3 show that the pro-
|longation of the time of passing of H2S, and,
In Some cases, delaying of formation of in-
soluble SnS, led to mcreased loss of the
vitamin.. An exception was experiment No
2, In which the Increase in the period of gas-
sing. did not have any significant efifect on
the”loss of the vitamini,

It will also be noted that solutions of
DHA prepared by oxidation of AA with
bromine_always contained a certain propor-
tion of DKA “and that the commercial_sam-
le was highly contaminated with DKA.
he amount of DKA seemed to Increase as
gorne IlH(t) nof storage of the solution In a frozen

DISCUSSION

The experiments reported above show that
under conaijtions where AA of vegetables is
transformed largely or completely info DHA
and DKA (freézing _aﬁd thawipg; homoge-
nization in ‘water with the aid ‘of Wari 9
blender) the values obtained for DHA

min in both fa) and (b). (c) Solution was gassed
with H2S for 3 min during which time no precipi-
tate was formed ; tubes were closed and solution
left aside for 57 min during which period the pre-
cipitate of SnS appeared after 15 min.

1(a) H2S passed for 15 min. (b) H2S passed for
60 min. Precipitate of SnS appeared after 10-12
min in both (a) and (b). (c) Solution was gassed
with H2S for 3 min during which time no precipi-
tate was formed. The tubes were then closed and
set aside for 57 min; the precipitate of SnS ap-
peared after 20 min.

rfa) H2S passed for 15 min. (b) H2S passed for
60 min. Precipitate of SnS appeared after 10-12
min in both (a) and (b). (c) Solution was gassed
for 3 min during which time no precipitate was
formed ; tubes were closed and the solution was
set aside for 42 min fduring which precipitate ap-
peared after 30 min). The solution was gassed
again for 15 min.

bfa) HZS passed for 15 min. fb) H2S passed
for 80 min. Precipitate of SnS appeared after
10-12 min in both fa) and (b).

7fa) H2S passed for 80 min; precipitate of SnS
was formed after 40 min. (b) Solution was gassed
with H2S for 3 min during which time no precipitate
was formed ; tubes were closed and the solution left
aside for 47 min. H2S was then passed for 30 min
more during which the precipitate of SnS appeared
after 10 min.
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DKA are always h}gher than the values for
AA + DHA +DKA. This discrepancy
though not to the same extent, was Qbserved
also ‘when DHA was analyzed. Since the
solutions are gassed with H2S prior to esti-
mation of total ascorbic acid, the loss may
be correlgted with the H2S treatment. The
loss can be due to adsorption on the SnS
recipitate or {o transformation to nonchro-
Io_?emc material, |t H2S were to_transform
DHA and/or DKA gradually jnto prod-
ucts which are nopchromogenic (even after
bromine-oxidation), the prolongation of the
treatment with the gas may be exPe_cted to
result in qreater loss. Results, obtained. b
the present authors show that in the major-
ity of the experiments there was a corela-
tjon _betw$en the extent of loss and the
duration of H25-freatment.. However, In one
experiment, such a relatjonship was not
clear-cut. Penney and Zilva (6) reported
that DKA undergoes decomposition durlnq
H2S treatment. DKA may elther be presen
In solution at the outset or may be formed
from DHA during 112S treatment (4). In
experiments No 6 and / gabIeS the
([q)rater part of the vitamin was present as

KA ; nevertheless, the loss was not more
Prom_men,t. It would therefore ippecr that
0SS In vitamin Is not directly related to the
amount of DKA, L

Since completion of this investigation, the
authors came across the papers By Gordon
and Noble (2,3) ; these workers showed
that some veﬁeta les contain non-AA com-
ponents which react with DNPII. 1f these
compounds were to be altered by H2S trea-
ment to_products which cannot couple
with DNPH after bromine oxidation, treat-
ment with H2S may be expected {0 lead
to_diminished chronogenic Values for %he
DNPH derivatives of plant extracts. In this
connection, It may be pointed out that the
losses encountered by us were more pro-
QPUSEFR In plant extracts than in solutions

It Is emphasized that the loss can be
detected onI@ whnen the vitamin Is present,

either completely or mostIY in the form of
DHA and” DKA.  Nevertheless, the loss
might be taking place even when solytions
consisting largély of AA are assayed, re-
sulting inf low8r Values for the reduced form

of the” vitamin.
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SUMMARY

Slices of beef were heated to 130°, 150° and 195° F, irradiated at 0.1 and 5.0
megarads and stored at 34° F. The effect of these variables on free amino nitrogen,
total soluble nitrogen and TCA-soluble nitrogen was determined at 15-day intervals
during the 60-day storage period. Increases in heating temperature reduced the rate
of release of TSN and TCA-soluble fractions. Amino nitrogen was reduced only at
highest temperature employed. Irradiation increased the rate of release of these
fractions. The release of amino nitrogen began immediately upon storage of raw
beef. Major amounts of TSN were not released until after 15 days storage and
TCA-soluble nitrogen not until after 45 days storage. This suggests successive
fragmentation of the initially bound protein.

A complete study of the proteolysis_of
muscle has been needed for some time. Re-
cent work by Zender et al (1 q l) 1) has be%un 0
shed some Irr{rht on this_little know
heretofore, rather precarious subject.

and a decrease of glycine-soluble

was noted urrn st rage at both. 25°

deor |n to eléctrophoretic studies

rt a eare that the protein” first split Into

Iarge fractions and Iater into aming - acids.

usrnrlr strict - methods to retain naturaII Quantifatively speaking, however, the pro-

sterr %drtrons these authors allowed Iam tein affected by [droteolytrc processes ag

d rabbit muscles to undergo proteol ysrs eared 10 esma This also tended to

rn an anaerobic environment, ~ A ‘steady” In-  [he case WJ fresh beef muscle when stored
crease I the level of the free amino acids  for 12-15 days

by Cain et a (2) has
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_ _ Prevrous wor
“Technical Paper No. 1207, Oregon Agricul-  shown that gamma-irradjated and baCterio-
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OH é Rand, idenfl c(aIIP/ treated bee
een pre- coo 01
ternaI temperature suffered no srgnrfrcant

proteolytic breakdown.

The ‘present work was initiated to deter-
mine proteolytic chan?es during long-term
storage of irradiation-sterilized beef. n suc-
ceedrnP papers the effect of the experimental
variables on the release of certain amino
acids from beef will be presented.
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EXPERIMENTAL

Preparation of Samples

Three Hereford bulls were selected for approxi-
mate uniformity as to age, weight, and conforma-
tion.  Twenty-four hours after slaughter, the
longissimus dorsi muscles of each carcass were
excised and stripped of all visible fat. The pair
of muscles from any one animal was used as one
replicate. The muscle was cross sectioned me-
chanically into slices of one-fourth to three-eighths
of an inch in thickness to give samples weighing
from 40 to 50 g. Individual samples were placed
into polyethylene-coated Saran plastic bags, the en-
trapped air expelled, by submerging the filled bag
in water, and heat sealed. The bags of meat were
then randomized within a replication to nullify
effects of longitudinal variations in the muscle.

Pre-irradiation Heating

Samples within each replication were subjected
to three heat treatments. The final internal meat
temperatures selected were 130°, 150°, and 195° F
and were measured by thermocouples. The bags
of meat were heated in a steam-heated water bath
wherein temperatures were automatically controlled
from one to two degrees above the final desired
internal temperature of the meat. Upon reaching
the desired temperature, requiring from 6 to 8
min, the meat w'as rapidly chilled by immersion
of the bags in a cold water bath. Each bag of
meat was then sealed into a 307 x 202 “C” enamel
can and immediately frozen at —18° F. Unheated
control samples were kept in each replication.

Shipment and lrradiation of Samples

All except the non-irradiated samples were
packed in dry ice and shipped in insulated con-
tainers to the Materials Testing Reactor, ldaho
Falls, Idaho. During the 8-day interval between
shipment and receipt, the samples were kept frozen
at 0° F or under dry ice, except during the irradi-
ation period. The cans w'ere removed from 0°F
and immediately irradiated. Some thawing un-
doubtedly took place during the irradiation period
since the water shield was at a temperature of ap-
proximately 70°F. The non-irradiated samples
were kept at 0° F storage throughout this time.

[rradiation was accomplished by exposing the
cans to a gamma grid until a dosage of 0.1 and
50 megarad had been acquired. The flux intensity
was 1.74 x 106 rads per hour; 3 min and 27 sec
were required for the 0.1-megarad dose and 2 hr
and 52 min for the 5.0-megarad dose. The samples
were then frozen, repacked in dry ice and returned
to our laboratory where they were put into storage.

Storage of Samples

The non-irradiated and irradiated meat was
placed in storage at 34° F and scheduled for analy-
sis at 0, 15, 30, 45 and 60 days of storage.

Quantitative analyses for moisture, total soluble
nitrogen, trichloroacetic acid-soluble nitrogen, and
amino nitrogen were carried out for each of the
samples.

Moisture Determinations

A representative portion of the meat w'as
weighed into aluminum pans and dried for 24 hr
at 70° C and 28 inches vacuum. After drying, the
pans were cooled in a desiccator and re-weighed.
The calculated weight loss was reported as the
moisture content.

Sample Preparation for Amino
Nitrogen, Total Soluble
Nitrogen and Trichloroacetic
Acid-soluble Nitrogen

Ten g of meat were blended with 25 ml of dis-
tilled water for one minute in a microblender.
The samples and blender were cooled to 40° F
before blending. The mixture was filtered through
Whatman #12 filter paper and the filtrate was
used for the follow'ing three determinations:

Amino Nitrogen Determination

Five ml of the filtrate were diluted to 100 ml
with distilled water. An aliquot of 5 ml of the
diluted solution was used for the amino nitrogen
determination of Peters and Van Slyke (9). The
final results were calculated in mg per cent amino
nitrogen on a dry-weight basis of the fresh meat.

Total Soluble Nitrogen Determination

The micro-Kjeldahl method of the A.0.A.C. (1)
with the following modifications was used for the
total soluble nitrogen determination. One ml of
the filtrate was digested with 2 ml of concentrated
sulfuric acid with two selenium-coated Hengar
granules as the catalyst. Distillation, using a Kirk-
type continuous micro-Kjeldahl unit, was made
into 25 ml of 4% boric acid as the receiving solu-
tion. The indicator used was that suggested by
Ma and Zuazaga (5). The results were calculated
in mg per cent on a dry-weight basis of the fresh
meat.

Trichloroacetic Acid-soluble Nitrogen

The general protein precipitation method of the
A.0.A.C. (1) was used except that 25% trichloro-
acetic acid was used instead of phosphotungstic acid.
The extract used was that indicated under the
sample preparation above. One ml of the filtrate
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TABLE 1

Effect of Temperature Attained in Pre-Heating, Irradiation and Storage Time
on the Gross Nitrogenous Constituents of Bef.f Stored at 34° F

Pre-heating temperature
°F

Non-irradiated beef 0
Raw 260
130 217
1SO 176
195 90

Beef irradiated to
50 megarads

Raw 253
130 193
1SO 150
195 100

trichloroacetic acid-soluble nittrogen.

containing the TCA-soluble nitrogen was digested
using the micro-Kjeldahl method of the A.0.A.C.
(1). The results were calculated in mg per cent
on a dry-weight basis.

RESULTS AND DISCUSSION
Amino Nitrogen

Anahﬁsm of variance of the data showed
that alt ough highly significant Interactions
occurred among thé three main variables—
heat treatment; Irradigtion, and Storage—
the predominating variable responsible” for
the changes In the"amino nitrogen content of
heef was the temperature to_which it was
heated prior to radiation., The length 0
storage was shown to he of less |mportance
while” the Irradiation dosaqe although s
nificant, was_apparently not as_Impor ant as
the other main variables, The F values were
238 1 81 for temIperature 294 for stora%e fime
and 109 for radiation, with 3 118
deRNees of freedom respectlvely Differences
een replications were not slgimflcant
Table 1 'shows the mean Initial and final
valyes f?r amino nitrogen 8f the non-irradj-
ated beef and that Irradjated to 50me9arads
as a function of ﬁreheatlng femperature
These data show that the amino ‘nitrogen
decreased with an Increase In the heafin
temperature used_ irrespective of thﬁ
tion"variable, This s consistent with previ-
ous work 3,6, 1) Heatln% the heef to
130° or 150°'F dio"not preverit an increase
In-amino nitrogen content over the 60-dav

Amino Nitrogen

(mg per cent dry weight basis)

radla-

Total Soluble Nitrogen  TCA INitrogen

Days Storage at 34° F
60 0 60 0 60
340 576 1670 226 983
310 523 1397 217 640
253 337 787 150 390
107 293 393 70 93
467 677 1707 280 1020
407 520 1543 237 783
333 333 880 207 463
100 287 467 87 97

eriod at 34° F. In fact, the increase was of

i
o

e same order.

nder the same conditions
meat heated to 195° F showed practically no
InCrease In amino nitrogen.

Figure 1sows the” relative increase in

mino nltro
the radi

en of stored raw beef as affected
lon variables.

It 15 to be noted

that there appears to be little difference in

the Trate of mcrease
radiated sampl

muc
the control.
tion, per se, rendgrs so

500 |

o »
[ (o]
(o] o

MGS. PERGENT DRY WT. BASIS
3
(o]

f amino nitrogen In the
es. The rate
aster In the |rrad|ated meat than In
It may be

of Increase was

R?SSI le that irradia-
e of the meat pro-
teins more accessible to attack by the natlve
enzymes.

O————0 NON-IRRADIATED
o————¢ O MEGARADS
M—————x 50 MEGARADS

1S 30 45
DAYS STORAGE AT 34°F

)
60

Fig. 1. Changes in the amino nitrogen of raw

beef during storage.

Total Soluble Nitrogen

Analysis of variance for total soluble nitro-

en revealed that the main effect responsible

r the changes was the heating tempera-
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ture, despite the fact that significant intey-
actions occurred among the three, main
variables. Reehcatlons Were not slpnlflcané
The storage fime was_an important secon
ary source of variation. The irradiation
dose, while 5|gn|f|cant was not as dominat-
”11? and mf uential as the other two main

ects. The F values were 3399 for tem-
Perature 1918 for storage time, and 237
or Irradiation, with 3, 4, and 2/118 degrees
of freedom, respectively.

Table 1'shows the mean initial and final
value for total soluble nitrogen. of the non
|rrad|atgd beef and that irradjated to 5.0
megarads as a function of the heating tem
perature. As with the amino mtro%en these
data show the importance of th deatlngi
temPerature In red cmg the initial and find
leve] of the total soluplé nifrogen.

Figure 2 shows the relative increase in
total “soluble nitrogen of stored raw beef as
affected_by the radiation and storage vari-
ables. There appear to be only slight dif-
ferences between the control beef and that
radiated at 0.1 megarads A lag phase was
ewdeni which Iaste some 3? daX an d which
was followed by an extremey rapid Increase
In the soluble nitrogen. When irradiated to
50 megarads, raw"beef exhibited a 15-day

H——— X
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L 1 | 1
5 30 45 60
DAYS STORAGE AT 34° F

Fig. 2. Qianges in the total soluble nitrogen of
raw beef during storage.
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200 15 4‘5 ?0
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Fig. 3. Changes in the trichloroacetic acid-soluble

nitrogen of raw beef during storage.

Ia% phase which was followed by a rapid
InCrease In this fraction. The rate of i mcrease
was of the same order as in the contro
samPIe Apparently irradiation at the higher
level resulted |n some alteration of the pro-
te|n Whl%h resy ted In deg radatlon of the pro-
tein muc soonert an |nt he control samples.
Undoubtedl large peptides were formed at
) muc ear |er Period In beef irradiated at
the_5.0 megarad IeveI

The incréase in total squbIe nitro gen of
raw, non-irradiated beef stored at 34°°F

0 days was 38% WhICh IS In fairly goo d
? reement with a 41% increase as retforted
I beer aged 29 days under the usual con-
ditions (8).

Trichloroacetic Acid-soluble Nitrogen

_AnaIIyS|s of variance for trichloroacetic
acid-sofuble nitrogen indicated much the
same ﬁattern of mteractlons as was found
with the total soluble nitrogen. These data
showed that althouegh significant int rftctlons
occurred among thé threg main variables, the
Rredommatmg actor was the pre- irradiation
eating temPerature The storage time was
of significan |mportance thoughof a second-
g nature, w lle the Irradiation dosae

hough slgnl ficant, was not as Important a
source of “variation, Replications were not
significant.  The F values were 1148 for
temperature, 781 for storae and 11 for
radiation, with 3, 4, and 21118 degrees of
freedom, respectlvely

FPure 3 presents the relative incregse in
glch oroa?etlc acid-soluble nitrogen of raw
eef as af ected 0 the radiation and storage
Pme variables. There aepears fo be very
Iitle d| ference in the curVes, and the slopes
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Ppear to be_relatively the same for 45 days

storage. . Thereaftér one observes an_ex-

tremely rapid increase in this fraction, This
can perhaps be attributed to the breakdown
of the large peptides formed before 45 days
(Fig. 2) "to" smaller peptides and amin0-
acids. Unlike the formation of the Iar?er
Beptldes however, the release of TCA-solu
[é nitrogen is not promoted by irradiation.
Husaifi et al (4) reported"a change of
0442 to 0.445% of TCA-50 ube nit o1qen
of fresh beef 3to 15 days post mortem
mcrease in this work was 30%. This may
?lmp he an nomat?lodue to the I?wer value

or TCA-soluble nitrogen In the fresh non-
irradiated beef. 1t would a pgear that the
% is somewhat low in

value of 226 m %
com arison to th
lar LY treated irradiated beef.

on the application of heat, Partlal de-
naturatlon of he protein. ap aren nX 0CCurs.
Thus, as the Rre |rrad|at|n te erature
was Increased, the initial value of he con-
stituents analyzed was lowered, " Superim-
posed on this” effect was that .of irradjatjon
Wwhich apparently gave rise to increased S|tes
of attack for ‘the native enzymes.
changes In nifrogenous constituents were not

feat in those samples heated to 195° F
er r to radiation than when the meat was
eated at lower temﬁeratures The Increases
wh|ch did occur mtebeef heaie t 15 F
may have been due tocemlca rather than
enzymatic breakdown of the protein.

n the basis of these results It appears
that the greatest change. mt ese nltrogenous
constltuents occurre in the TCA-Soluble
nitrogen fraction followed by the total solu-
ble nitrogen and amino nltrogen fractions.
Storage “of fresh non-irradiated beef at

*F for 60 da s resulted In an Increase of
335, 190 ang % for the TCA-soluble
mtrogen total soluble nltro?en and  amino
nitrogen fractlons resBectlvey Heating the

values obtained for simi-

beef t0 130° and 150° F prior to storaP
re uced th ercent:ige increase of the fofal
soluple and TCA-soltible nitrogen fractions.

It did not |anuence the rate of release of the
ammo mtro%% fraction.
Sensory changes occurred in the  beef

These were due f0 Irradiation and heat treat-

ments hoth of which were modified by the
storage period. In the non-irradiated un-

heated samples
apparent In- the
was offset by mcreasmﬁ
heating. temperature, T eeffect of mlcroblal
contamination In the (0.1-megarad  samples
Wwas not apﬁarent untjl between 45 and 60
days and then only in the unheated begf.
X0 evidence of microbial growth could be
demonerated in the beer irradiated at 5.0
me1gara

hIS study did not attempt to correlate
the ch an%es in the nitro enous constituents
with flavor._ It is not known It the meat pre-
heated to 150° F would have %een acceptable
to a panel. It is known that beef roasted to
160° F and irradiated at 3 megarads Is ac-
ceptable and qoes not undergo as extensive
an alteration i the amino nitrogen Pattern
as evidenced by these data (2). In this
experiment, however, the meat was brought
03, specified internal temperature and jm-
mediately cooled. [ the meat were held a
certain of these temperatures for a protracted
tlme con5|derable differences from these data
would ungou tedZ have been ?ttamed In
any case, the primary result would have been
more extensive Inactivation of the native
enzymes, which, even thou%h the meat was
Irradiated, could p035|bly stabilize the meaf
Proteln provided the proPer temperature/
ime relationships were me
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SUMMARY

Llie effect of temperature, particularly storage temperature, is one of the most
important factors in controlling microbial populations of frozen foods. Adequate
temperature control of frozen foods should limit the growth of microorganisms and
insure maintenance of original quality and wholesomeness. This investigation was
undertaken to show that correct storage temperatures do inhibit the grow'th of bac-
teria which might be considered as the source of potential public health hazard,
while certain saprophytic species are able to survive and grow well at the same low'
temperatures. The cultures were all isolated from chicken pies.

Bacterial counts were determined by plating techniques on Brain Heart Infusion
éBH [) agar after various time intervals up to 30 days at —13*, 0°, 5°, 10°, 20° and
7° C, using both BH1 broth and chicken gravy as media. Very similar results were
obtained in the two media. ]

Escherichia coli and Streptococcus faccalis had a minimum growth temperature
between 5° and 10° C for active reproduction. A minimum grow'th temperature
between 5" and 10° C was observed for the culture of Staphylococcus aureus. Of w0
cultures representing variants of Pseudomonas fluorescens, one culture followed
the grow'th-temperature pattern shown by the previously mentioned organisms and
failed to grow at or below' 5° C. The other P. fluorescens culture grew rapidly at
5 C. Ability to grow at low temperatures is a constitutive characteristic of the
organism and is not common to all types of bacteria. At refrigerator temperatures,
the growth of the psvchrophilic saprophytic species tested completely outstripped
the grow'th of several bacteria of public health significance. This indicates the great
likelihood that a frozen food on defrosting, particularly in a refrigerator, would
become completely unacceptable, due to the development of off flavors and odors and
deteriorated physical appearance before it became a health hazard.

When foods are cooked, contaminated by the temperatures of defrost is incomplete and
handling, and madeciuately refrlgerated, the limited,” There s little available information
food passes from the upper temperature regarding the effect of environmental tem-
ranges .to the lower temperatures slowly; peratures up to the promt of defrost on the
competitive organisms are gone and Staphy- ?nrowth of Pacteria. ‘Th pres?nt study. was
lococci and othier organisms increase rapldlg. ade to determing the effect of temperatures
Do Staphylococci grow when frozen foods of -12° C (8.6° F), and 5° C
Pass from freezing to defrost through a (41° F) “on the growth ‘of haCteria con-
emperature zone where other microbes grow — sidered #o be of public health significance
el ? , Isolated from, chicken meat RIES, and 1s par:

ur present knowledge conceming the of a contlnum(rz study of the microbiology
growth of organisms from the frozen sfate to  of low temperatures.

"Presented at the 59th General Meeting of EXPERIMENTAL METHODS
American Bacteriologists, St. Louis, Missouri, May ST _
11, 1959, For this investigation, the organisms selected

hPresent address: Senior Bioscientist, Space  Were: Escherichia  coli. StrepIOCO_CC_US faccalis.
Medicine Section, Aero Space Division, Boeing Staphylococcus aureus, and twO varieties of Pseu-
Airplane Co., Seattle, Washington. domonas fluorescens. The last two organisms

pal
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had been associated with defrosted frozen chicken
pies. Others were from our culture collection of
bacteria isolated from frozen chicken pies.

For our purpose, growth was defined as an in-
crease in the number of viable cells as determined
by a plate count. This criterion involved two as-
sumptions: (a) that all the bacterial cells were
viable and (b) that all the bacterial cells were
single cells and not clumps, and that each single
cell gave rise to one colony.

In growth experiments for each of the organisms,
brain heart infusion broth and sterile chicken gravy
were used as media. The rate of growth of organ-
isms in brain heart infusion broth was used as a
control. No attempt was made to maintain the
original pH of the medium during the growth of
the culture.

The inoculant was prepared by washing a 72-hr
brain heart infusion agar slant culture with sterile
distilled water. One ml of the cell suspension was
transferred to a 99-ml sterile distilled water blank.
Portions from the inoculated dilution blank were
transferred to other 99-ml dilution blanks and ad-
justed to give a reading of 85% light transmittancy
on a Bausch and Lomb Spectronic 20 set of 400 nyt.
Three-tenths-mI aliguots of the final suspension
were transferred into each of the growth flasks
containing 300 ml of sterile chicken gravy or brain
heart infusion broth. The 0.3-ml aliquot gave an
original bacterial count of 101 to 101 organisms
per ml of substrate.

Bacterial counts were determined at various
time intervals from the substrates incubated at
the following temperatures: —13°C (8.6°F), 0°C
(32°F), 5°C (41°F), and 10°C (50F), 20°C
(68° F), and 37°C (98.6° F). Plates were in-
cubated at 37° C (98.6° F) for 24 hr for E. coli,
S. faccalis and 5\ aureus, and P. fluorcscens. strain
1. Pseudomonas fluorcscens, strain | was incubated
at 5° C (41° F) for 7 days and 20° C (68° F) for
3 days.

RESULTS AND DISCUSSION

Primar rnterest in frozen food bacterjol-
gg I centered on those factors which affect
Ienqt of th? Iaq ﬁhase and the rate of
bacterial multiplication 10 the logarithmic
prowth phase. 'Stumbo (14 observed that
ower temperatures were required to arrest
?rowth In h% olgarrthmrc g pwth tphase ft %
0 marntarn acferia In th ase of t
rowt cycle. Lawton et al noted that
np ase was not characterrstrc of the
%nrs ut rather was a ysroo ical
dition’ which could be mini
creases In temperature. The amount 0 free

water |n a food product directly affects the
Ien]gth of the | a% period. Increasing amounts

ree water shorten the lag perrod and in-
crease the bacterial growth Tate in the loga-
rithmic growth phase.

LOG. OF NO. OF BACTERIA PER ML

Fig. 1. Growth curves of Escherichia coli grown
in sterile chicken gravy. «= —13°C; 0 = fi°C;
1 =10°C; 1 =20°C; 1 =37°C.

Escherichia coli, Frgure 1
chicken gravy reached th maxrmu station-
ar)(/j phase |ngto4days at 37°.C (98.,6° Fg

Whereas it required
days at 10° (50 F

rown, in

. A decrease in num-
ers o this baﬁerrum Was noted at 5°C
) throu out the Incubation period.
ta temperature of —13°C (8,6° F), the
counts remarne constant A sbmrar
tern of %rowt took pace i brain heart
Infusion broth swou eex ecte the
cuIture Cq W ralprdyat
A sower rate of
E. cor was noted at 10°C
Bar er | g%este that E. colidid not
r{;row beIow 10 g but his obsFrva
lons Were con |ned to one strain, Dahlberg
found that coliform bacteria grew as
WeI as some sychrophrles at low tempera
tures, as did Burgwald and Josep son
A mrnrmum temperature for %rowt a ar
ently les hetween 5° C (41°
for the cuIture employed in thrs
study ittle difference was noted in_growth
rates between chicken gravy and braifi_heart
Infysion brath as cultdre edra In this ex-
periment.  Somewhat better buffering action
might be expected of the gravy than of the
brain heart mfusron broth, particularly on
extended times of culturing.
Figure 2 illustrates the pattern of growth
of .S, faecalis. This organism exhibitéd pat-

2owth
F
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Fig. 2 GTOWth curves Of Streptococcus faecalis
%rown |n sterile chicken gravy. = -3 C;
ad ;0=5C; 1 =10C0 =20°C: 1 =

I_tars of growth similar to those of E. coli,
The maximum statronary dohase was reached
|n2dasat37C(9 F). in 5 davs at
20°C ;} and at -13° C count's re-
mained “constant. No changes were noted
In the growtli of S. faeealis In brarn heart In-
fusron roth excetthat at— °F

the counts d r%) edo sharp % Amrnrmir

temperature ?rowth of t |s culture

between 5° C 8 (b
No_significant |ffer%nce wasnte etween
brarn eart Infusion broth and ¢ |c en grawv
with the possrble exception that chrcken
gtrcroo rovided greater protectror; to the
|

ganism at™—13° C (8.6

Fig. 3. Growth curves of Staphylococcus aureus
grown in sterile chicken gravy. * = —13¥C;, A=
0°C; 0 =5C; 1 =10"C; 1 =20°C; A:
3r“c.

Figure 3 demonstrates the growth of S.
aureds in chicken gravy at various tempera-
tures, It is intefesting to note that the
counts at 5° C (41° F)’ dropped off in_the
30-day period, While ‘the counts at 0° C

23

(32° % and —13°C (8.6° F) remained
somew at constant. The maximum station-
| agy é) ase was reac hed in 48 hrat 31°C
5 days at 20cC (68° F) and
5 da s at 10° C.(50° F). This organism

demonstrated similar patterns of growth n

| brain heart infusion broth and chrcken ravY

Again, the minimum temperature for mul
thatron of this culture was observed to_be
etween 5° C (41° F) and 10° C (50° F).
In a study of staphylococci surviving In
frozen vegetables Jones and. Lockhead “(8)
reported at no multi Ircatron occurred dt
5°C $41° % and ofl enterotoxrn groduc
Ing strains, none %ro Uceq oxIp att mpera-
tures Jower than 20° C (68° F). Nickerson
ctal (11) also stated that S. atreus erI not
E%W F|n food products held below 10° C

The presence of S. aureus in a mixed cul-
ture menstruum, as would be found |n
foods, results in-a comp etrtron for rowth
When temperatures are rourg ht rom the
frozen stat to the tem eratu es of defrost
& C to 5°C), psvch rop ilic ?r anisms

1 mcrease at a f ster rate at defrost tem-
peratures than mesophilic bacteria and “com-
etrtrve Inhibition” "will cause the I\FS chro-
hiles to “out strip” the number of N. aureus.

Pseudomonas fluorescens, strain | em-
ployed in this study was, isolated from a
defrosted chicken meat pie. Pseydomonas
fluorescens, strain I was isolated from rou-
ting bacteriological_examination of a normal
chrcken meat pie, The organisms were srmr

4 1lustrates t

lar morphologrIgu r>e and In some as}r)eecpt)sa Pe%s

|olog|caIIy

Fic. 4. Growth curves of Pseudomonas fluores-
ecus strain 11 grown m sterrle chrcken %ravy ¢ =
—13c; A=tc; 0 =5°C; °C; I =
20°C; A=37°C.
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of growth of a P.. fluorescens, strain Il in
chicken ravy This organism demonstrated
a pattern of ‘growth similar to tne prevrous
organisms studied. At 37° C (98.6° F) the
organism_reached the maximum stationary
stdge in 3 days and at 20 C (68 F) it ré-
quired 5% ag/ C.(50° F) the
organrsm was Still |horeasrn% in total num
bers at the end of 3 ays torage at 5° C
3 0°C(32°F) and-13° C (6.8° F)
resulted in a gradual decline in total num-
bers. However, the growth pattern of P.

@
+

~
T
-

|
(=]

°\\ I

bl

LOG. OF NO. OF BACTERIA PER ML.
> o . h
.
\..

N
+

I 2 3 4 5 6 7
TIME IN DAYS

Fig. S. Growth curves of Pseudomonas fluores-

cens | grown in sterile chicken gravy. No growtli
was present at 37°C. A=0°C, 0=5°C; 1 =
10°C; 1 =20°C.

No 8rowth took place at
At 0°C (32° FJ
organism reache the maxrmum stat
stdge at the end of 5 days, whereas at
68° F) it requrred only \]/2 days ; and at
0°C 50° F) the orrltanrsm required
seudomonas fluorescens,” strain I
tﬁefore demonstrated marked “psychro-
ilic” characteristics.
Van Der Zant and Moore %16} reported
that wrth a srngle exception t ggerrod
8s¥c rophili oseud monas_did ‘not ex-
ceed 24 hr'even at 5 t F). We have
demonstrated that low emperatures onh(]
retard the growth of some bacteria, Marf
and Frazier % 0) found_ that psychrophrlrc
bacteria isolated from milk belonged to the

fluorescens, strain | was drfferent Fr Fd
§ t
rona
20°

following genera in decreasing order of
occurrence ” Pseydomonas, Achromobacter,

Aerobacter, Alcaligenes, and Flavobacterium.
Lawton and_ Nelson (9} also found psychro-
Bhrlrc bacteria in milk to be principally’ mem-
ers of the genus Pseudomanas. 'In @ stuay
of psychrophilic bacteria in frozen fruits and
vegetables Hucker (7)_found that the most
numeyous tayé)e was a Grant-negafive rod of
the Flavobacterium typ Par ed 9p ecres of
micrococct” which may have been sa ro”
tic species of the genus Neisseria were ext
most numerous, while only a few Achromo-
bacter were observed. Ayres et al (1) found
Pseudomonas fo be most prevalent i’ cut-up
poultry and that these organisms had la
phases of less than two days at 4.4°
40°F) and 10°C t50° P Prescoft and
anner (122 noted the selective action of
low tempera ures on the ordrnary organrsms
of spor age and on sapre d) gtes in genera
Proteol trc or anrsms evel op Atem
peratur between 0 5 C

F), while carboh drate fermenters did
not develop. In a study of mr oor anrsms
?rowrn on frozen meats Sulzba

ound that a majority of hacteria were pseu
domonads. Similar results were reported by
Berry (3,4) ina study of frozen fruits and
ved efables. "He also observed that hacteria

he %enus Pseudomonas mcreased In ﬁ]ea
stored at —4 . In a stuay

ogrck and Burgwald (13I) reported that

4.2% of the s chrophr |c bacteria were
true schror%hrles and a were alkaline-
ormrng negative bacteria. QT the
other facultative psychrophiles. 5471 - were
"inert," 28% were acid-rormers, and 18%
were alkaline-forming. Thus accordrng 0
the literature, the ty gca psychrophile s a
fooq spoilage organism, but hot a food poi-
soning one.

The . frozen-food processor has aIreadY
recorlrnrzed the virtues of carr In o] all
fh sprocessrng operations d rrn
hase of hacterial %rowth bv urc
reezrng his. product within mrnutes of
manufacture he ensures that bacteria 0o not
begin to multiply actively. Quick freezing
aI?]o helps to eIrmrnate wa er o ondensatron

s free water, shortens t agn ase

Nrckerson etal (11) have stated thap

summarizing the srtuatron of frozen foods
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in relation to_public health it is evident that
these comestibles are no_more likely to be
Involved in causing food infections and food
Infoxications than” are foods processed by

other methods of preservation.
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SUMMARY
Color data on stored spinach and cauliflower were correlated with judges’ scores

to determine best sampling
Color-Difference Meter.

most and most uniformly
experimental errors. Cail
smallest significant
tained for

Color measurements with the Hunter
Color and Color-Difference Meter have heen
found useful in stab|I|t¥ experiments with a
number of food products,I Data of this type
were needed for extensive experiments”on
frozen cauliflower and spinach. The litera-
ture did not report anY applicable methods,
and our preliminary studies on these prod-
ucts ((jnot published’) revealed unsatisfactory
reproducibility of measurements. The pres-
ent experimént was undertaken, therefore,
to determine what factors lead to reproduci-

bility.

A/Yeasurements with the instrument were
made on samples composed of individual
parts and blends of each vegetable to in-
crease homo enelt)(, since the colors of the
ﬁarts differed subs antlaIIY. It was required,
owever, that a sample type should repre-
sent the whole vegetable ds regards changes
observed by the judges. The principal 0b-
jective was to develop a method for prepar-
Ing and measuring ane or more of the kinds
of samples, whichyield the highest degrees
of correlation between the instrument “data
and judges' color scores.

aA Laboratory of the Western Utilization Re-
search and Development Division, Agricultural
Research Service, U. S. Department of Agri-
culture. _ _

IMention of commercial products does nat imply
endorsement by the Department of Agriculture
over others of a similar nature not mentioned.

2%

procedures for measurements with the Hunter Color and
pinach stems, rather than leaves or mixtures, changed the
“correlated best with scores, and produced the smallest
Cauliflower floret surface, instead
: differences by judges. Good results _

_ooth floret surface and a rapidly prepared slurry from a thin surface layer.
Best of six color indices of deterioration were Hunter “a'

of stems or mixture,

_ gave
on the instrument were ob-

and hue angle.

MATERIALS AND METHODS
Materials

Retail packages of commermall¥ processed vege-
tables, tirade A packs of Viroflav sij]mach and
Snowball cauliflower, were used so that results
could be applied to commercial material in other
exPerlments. Reference or control samples were
held at —20° F. throughout the experiment. Sub-
lots of the spinach were held at 20° F. for lengths
of time varying from 1 to 84 days; cauliflower
from 1 to 110 days. These holding periods pro-
vided a color quality range from excellent to one
5o poor that consumers would probably object to
eating the food.

Jedges' I'rdCEDURES

Judges scored color of upper halves of leaves,
stems and mixture of total contents of the spinach
package, and of cauliflower floret surface, stems
and mixture, each as thawed and as cooked vege-
table. Score 1 indicated vivid green spinach and
very white cauliflower; these colors were illus-
trated with a labeled control with each g)roup of
samples. Score 5 meant very grayed and/or very
yellow green spinach and very dark and/or very
yellow cauliflower. Samples of one tlygge (for ex-
ample, uncooked stems) for all bolding periods
were scored in one session. Five repefitions by
6 to 8 judges for each %roup of samples com?Ieted
Ehe appraisal data, each repetition on a different
ay.

Hunter Meter Methods

All instrument measurements were made on
thawed, uncooked vegetables. The samples were
measured in the 9-ctn 1.D. cells with the rotator
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described b){ Lukens and Creese 53). The spinach
samples included upper halves of leaves, the stems
and the mixtures. Cauliflower samples included
the floret surface and the slurry p(eFared from
the floret" A photograph of the cauliflower floret
surface and spinach mixture is shown in Figure 1

Special procedures were developed for packing
some of the samples into cells. The mixture (com-
plete spinach) sample presented one difficulty. In
an attempt to get a representative random distribu-
tion of leaves and stems, each leaf was held by its
middle portion with the upper leaf and stem freelr
hanging. It was then simply dropped into the cell
and packed with others without re.arrangmﬁ the
parts. Steps in preparing the cauliflower florets
were: E)a) cut off main stent, retaining onl
enou?h ranch stems to hold florets together, (b¥
cut florets lengthwise to give pieces with a top
diameter of Ts'to / inch, (c) pack pieces cIoseI_Y
in cell with floret surface on bottom of cell, (d) fill
cell with pieces in order to hold measured area
against bottom of cell, remove large air bubbles
with the aid of a knife point, and screw lid on
cell. Steps in preparing slurry were: (a) cut off
thin layer of the top of each floret piece, such
that only a few calyces held together, (b) blend

cPreliminary studies showed that the unaltered
surface of contents of the spinach package gave
unsatisfactory - reproducibility of measurements;
finely sliced composite v'as unsatisfactory because
color changed during holding in a different way
than the original mixture. Also preliminary studies
showed that chopped stems or chopped composite
oflcaullflower did not give satisfactory replicate
values.

80 g of calyx material and 40 ml of distilled water
in pint Waring blender at low speed (50 volts)
for 1 min, and (c) put slurry into cell and remove
any air bubbles ‘at measured area with rubber
spatula, Preliminary studies showed that sufficient
deaeration was accomplished by giving each slurry
a few sharp jolts. o

The reference plate used for standardization of
the instrument for spinach measurements was the
National Bureau of Standards bath green desig-
nated SBC 12 for which Hunter values of Rd =
310. “a" = =240, “b” = +13.1 have been estab-
lished. The reference plate for cauliflower was
ivory, SBC 3L (Rd = 57.0; “a" = —16; “b" =
+24.6). Rd was converted to lightness index, “L”,
by Hunter's formula, “L” = fy Rd, where fy = 051

[-1 + 0O Kd\ yaues were calculated for hue
| 1+ 020RdJ
angle (tan-Lb/a), saturation index (Va2+ h2),and
total color difference from control, as defined by
VAL2+ Aa2+ Ab2 These procedures of repor_tm%
Hunter color data correspond to those describe
by Hunter (2). _ o

Seven packages of spinach at each holding time
were measured; 2 readings were made on each
sample (stems, leaves, mixture) from each pack-
age. Five packages of cauliflower per holding time
and 4 readings {_)er sample provided replicates for
this vegetable. The number of repetitions of Baqk-
ages and readings was based on the varia IMK
found in preliminary studies. One package of eac
holding time of a given vegetable was measured
on one day. o

Statistics

Comparisons of the experimental errors of the

several samples and measurements were based on

Fig. L Representative measured areas for cauliflower floret surface and for the mixture of the

spinach package contents.
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data_obtained from the analysis of variance and
the Duncan test (1?_ at the 5% level of significance.
Sources of variability in the Hunter data included
treatments (holding times), days of tests, readings,
and the interactions with treatments. The same
sources of variability applied to scores, except that
Judges were substifuted for the instrument read-
Ings. Correlation coefficients for objective and sub-
jective values were calculated.

RESULTS AND DISCUSSION

Figure 2 illustrates the meamng of the
terms, hue_angle_ and saturation index, fur-
ther explained in the figure legend. As
Prevmusly mentioned, the colors of spinach
eaves and stems differed = considerably;
stems were much more vivid and had a
somewhat yellower green hue than leaves.
Values for" spinach “mixture sample (not
illustrated) were close to the leaf values,
because the leaves constituted 80/ of the
weight of this pack._ Holding the spinach
for 84 days at 20° F resulted in yellower
and grayer green colors for both Samples.
Surfaces of the cauliflower florets became

Hunter "a" Scale

-16 ~l{4 -12 _§O -8 -6 -4 -2 0 2 4 6 8
T T T T T T

T T T
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Fiﬁ‘ 2. lllustration of saturation index, Va2+ b2
and hue angle, tan“Lb/a, for control and most de-
teriorated sample of stems and leaves of spinach
and for caulitlower floret surface. (The radial
distance from origin to the point in question is the
saturation index, measured in NBS units. The hue
angle, measured in degrees, be%ms at the positive
“a” axis and increases counter clockwise to the line
extending from origin through the Eomt represent-
ing the sample. Lightness index, “L” scale, is not
illustrated: it can be visualized as a line perpen-
dicular to both the “a” and “b” scales.)

that throug

gellower duringi the 110 days holding period,

ut changed only slightly in saturation index.
Plots of #]udges' scores (Figure 3?) show
served

out the studies judges o

Floret
o—-a Surface
&—-a Stems
=--m Slurry
o—o Mixture

| - Leaves [
a—-a Stems B
o—o Mixture R\

Score
)
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Yellower
-
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W

bi

|
)
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Grayer

Saturation Index
b M o
Gover 1 ]
?
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L #
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c‘fn
h [ ]
4
/ []
b .

’_ D/

Hunter "a"

. >

210 40 610 810 210 é&lo 610 8[O ICI)O
Days af 20 F
Spinach Cauliflower
Fig. 3. Judges’ color scores Land Hunter Meter
differences from controls Lfor thawed spinach and
cauliflower held varying times at 20° F.

*Spinach: Score 1—Vivid green color like la-
beled control.

" S—Very yellow and/or very
grayed green.

Cauliflower: Score 1—White like labeled con-

trol.
" SVery vyellow and/or
very dark.
Control Values. ¢
fif S U Huger
Spinach leaf ....147° 109 209 9.2
Spinach stem .....138° 202 346 181
Spinach mixture 143° 27 242 101
Cauliflower
{[1] -1 — 104° 71 692 43
Cauliflower
] (1113 A— 109° 151 706 49
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Frogresswe color changes in thawed spinach
eaves, stems, and mixture samples and in
cauliflower floret surface, stems, and mix-
tures. Although the curves for a given vege-
table are similar, finer differenfiation was
obtained for the cauliflower floret surface
and for the spinach stem samples than for
other parts of the vegetables. For the cauli-
flower florets and spinach stems, significant
differences between the samples representing
adjomln? holding times were obtained in
practically all cases. Judges’ scores for
cooked vegetables a?reed closely with those
for uncooked vegetables, as indicated hy
gogréelatlon coefficients between 0.97 and

The instrument data for each sample will
be discussed as regards: (a) changes with
holding time, (b)™ correlation of " blunter
values™ with scores, and &c) experimental
errors.  The objective is t0 point out the
most satisfactory sample t}/pe of each ve?e-
table and the most useful color index for
the vegetahle. o

The spinach data in Figure 3 show that

leaf color changed fastest during the initial
storage. This™ tendency was "more pro-
nounced for lightness index values (not il-
lustrated). The curves for stems and for
mixture of total package contents both show
more uniform rates of change than those
for leaves. Stems did not darken apﬁrem-
ably at any time, and mixtures benaved
more like [eaves.
_ The similarity of the curves for the ob-
{ectlve and subjective data is_indicated in
he graphs. Carrelation coefficients above
0.96 were found for stems and above 0.93
for the mixture samples. Leaves gave lower
values. The coefficients refer to each of four
Flunter functions compared with the scores
for mixture. For each function "a,” hue
angle, saturation index or total color differ-
ence. the highest coefficient was associated
with stems. o ,

Comparison of sensitivity of the various
functions for the three types of spinach
samples was obtained by the method of
Schumann and Bradley (4). These com-
parisons showed that for any given function,
the stems gave more sensitive results than
the leaves or the mixture, and Flunter “a”

and hue ancf;le of stems were more sensitive
than other functions for stems. The experi-
mental errors for stems were such that when
values for two holding times differed by
0.4 in Flunter “a” or L5° in hue angle, the
difference was significant.’l These ~differ-
ences were 6'/ ("a”) and 9'/ (hue angle)
of the total changes which occur in the ex-
periment. Therefore, considering the graphs,
correlation coefficients and sensitivity, it was
concluded that the Hunter "a” and fiue angle
data on stems provided the best measure”of
spinach color deterioration.

Cauliflower floret and slurry curves for
Hunter “a” and hue angle (Fig. 3) were
essentially alike, and these functions changed
rather uniformly throughout the experiment,
The lightness index for sIurrF changed less
than for florets. The most likely explana-
tion is that slurry contained some internal
material with less color change than had oc-
curred on the surface.

Correlation coefficients for an)( one of the
functions. Hunter “a,” hue angle, lightness
index, with judges’ scores for whole cauli-
flower were “3.94 or higher, and the coeffi-
cient for total color differences was only
slightly lowe~.

he' Schumann and Bradley method %4)
applied, to the cauliflower data showed that
approximately equal sensitivity was obtained
with Hunter' "a" and hue angle for hoth
florets and slurry, Other functions were less
sensitive. Experimental errors for the “a"
values and hue angles were at least as small
as those discussed” above for spinach. Con-
S|der|n[q_| all aspects of the cauliflower re-
sults. Hunter “a" and hue angle were the
best functions, and florets and” slurry gave
approximately the same results. The exlnerl-
menter, however, would prefer the slurry
because it required much less preparation

fime.

Reproducibility of the instrument meas-
urements in the present study was consider-
able better than that obtained previously.
Standard deviations of the best data for con-
trols were one-fourth to one-seventh of

1S.SR. by Duncan test (1) at 5% level, based
on mean square for replicate packages within hold-
ing times: this was the_largest mean square, other
than tiiat for holding times.
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those obtained in the preliminary experi- 5 Lukens, H. C, and F. G. Creese. 1958 A

ments. sample rotator for the Hunter Color and
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SUMMARY

From_four of the major islands in the Hawaiian chain, 19 foods of plant origin
the soil in which they were grown and the water used for irrigation were assayed
for sodium. Data on the influence of environment upon the sodium content of fruits
and vegetables are given. Most fruits and vegetables were low in sodium. A few, such
as papaya, beets, celerr,_ daikon, and sweetpotato, were high and probably should be
omitted from very restricted sodium diets. The sodium concentration of Some of the
foods varied with the soil sodium concentration, which points out the necessity of
considering the source of these Partlcular foods before using them in a sodium-
restricted diet. The results indicate that variations in sodium should be expected in
plant foods, although the differences may not always be nutritionally significant.

The increased use of sodium restriction
as a therapeutic practice has produced a
reat need for accurate determinations of
e low guantities of sodium found in plant
foods. The literature reveals a wide range
of sodium values for a given food of plant
origin, but variations in environmental fac-
torS have been suggested as the chief cause
(7). Few studies have been made on en-
vironmental effects on sodium absorption
since sodium is not considered essential for
%,rqwt,h, aIthouqh it has been proven hene-
icial in some plants g6, 7). The Foods and
Nutrition Department of ‘the University of
Hawaii, as early as 1937, reported that pa-
ﬁayas grown in littoral  regions not only
ad a salty taste, but a higher chloride con-
tent than ‘those grown some distance from
the sea (11). Just what other foods might
be similarly” affected was unknown. Thus,
a project was planned to evaluate the sodium
content of fruits and vegetables in relation
to soil sodium and Promml_ty to the sea,
It was thought that the sodium content of
plants, if studied with the object of deter-

*Published with the approval of the Director of
the Hawaii Agricultural Experiment Station as
Technical Paper No. 476.
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mining the ranges of variation rather than
single” values, would be of more value to
doctors and dietitians in planning low-
sodium meals.
PROCEDURE
Sampling

An attempt was made to survey several im-
portant plant foods grown in areas of different
salinity in the Islands. Collections were from
various selected areas on Oahu, the lower slopes
on Maui, the seashore region on Molokai, and
two areas of high elevation on Hawaii. All plant
samples were personally gathered by the senior
author applying random samglmg among the best-
%uallty produce in a field. For most foods about
2 units of a fruit or vegetable comprised the pri-
mary sample. Large items such as cabbages and
celery were collected in lots of six to twelve units.
For the subsample either opposite eighth or quar-
ter sectors or the entire sample, cut into one-inch
pieces, was used, from which 1SO g were com-
minuted and SO g withdrawn for each assay aliquot.
For beans, about 2 Ib were gathered and cut into
one-inch pieces. For bananas, half of the fruits
from 2 to 4 hands taken from 2 to 4 trees was
used. Lengthwise halves from each banana were
combined and blended to constitute a second Sub-
sample ; from thls_Bornons_were removed for analy-
ses. The raw, edible portions of all samples were
used for analyses.
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An attempt to control the horticultural variety
through selection of farms was not always possible.
In some cases the %_rowers were unable to supply
the varietal information, and in other cases it was
not possible to find the desired variety being culti-
vated in the desired environment. Thus, for some
foods, the variety could not be kept constant.

Soil samples were obtained from the fields in
which the plants were growing, when the fresh
fruits and vegetables were harvested. Irrigation
water samples were also collected. _
_Information was gathered on fertilizer and pesti-
Blde treatments and distance from the sea and sea
reezes.

Chemical Method

The flame photometric method described by
AQOAC for the Beckman DU (3), but employing
hydrogen as a fuel and a phofomultiplier attach-
ment, was found to be satisfactory for assaying the
low quantities of sodium present in plants. “Prelim-
inary work indicated that the effect of -interference
from ions was negligible, but as a precautionary
measure, in each sample calcium and i)_hosphat_e
ions were removed from one of the duplicate ali-
quots. The recovery of added sodium was tested
at intervals and the usual precautions for trace
analyses were maintained. A standard curve was
determined with eacli day's operation of the Beck-
man spectrophotometer and every sample was read
twice with checking of the reference standard be-
fore and after each reading. o
_The water s_amf)les required_only filtering and
dilution with distilled water prior to reading (2).
The soil was assayed by one of the authors (YK
of the Agronomy and Soil Science Department.
The sodium was extracted with normal ammonium
acetate, adjusted to pH 7, and analyzed using the
Beckman DU spectrophotometer (10).

RESULTS AND DISCUSSION

The results for 19 foods for which 3 or
more assays were made and for the corre-
sponding water and soil samples are sum-
marizedin the table, Samples for a given
food are arranged in order of increasing
sodium content 'in the plant. The moisture
content and the source of the samples are
also given.

Climatic conditions interacting with soil
conditions are known to influence the min-
eral content of plants (8), but climatic
variables are difficult to assess in a study
such as this. Thus, the soil was considered
the most important environmental _factor
which would reflect sodium deposition by

water, fertilizer and pesticide treatments,
and sea breezes. The amount of sodium
found in the soil may also vary from day
to day, depending Brlnupally on such fac-
tors as daily variaoility of “sodium in the
irrigation water, fre?uency and_volume of
irrigation and time of soil sampling, that is,
whether the soil is collected, immediately
before or after irrigation or rain, However,
in a general survey such as this, it is ex-
pected that the sodium level in the soil will
reflect the over-all sodium environment of
a %lven locality and may explain differences
obtained in_ analyses of plant sodium, A
direct relationship between the environ-
mental supply of this element and its con-
centration In" plant tissue has been demon-
strated for some plants (6, 8).

. For the most part, the data given here are
in a%reement_wnh previous ‘reports. The
sweelpotato figures "are somewhat higher
than published figures and head lettuce "and
celery values lower (1, 4, 5, 9).

Most fresh fruits and vegetables are nor-
mally low in sodjum content, Bananas, green
beans, green onions, head lettuce, long and
round eggplant contained the lowest amounts
(less than' 5 mg/100

On the other hand, high values (50 mg
or more), as well as a range of 25 mg or
more, were found in samples of papaya,
beets, celery, daikon (Raphanus satlvus)r,
and sweetpotato. A marked response to di
ferences_ in soil sodium was apparent in pa-
paya with the highest concentration (76
mq/100 %) being more than twenty times
that of the lowest (3.6 mg/100 g).. This
fruit, an important ‘source” of vitamins in
Hawaii, could be consumed on a restricted
sodium  diet of 200 mg per_day if obtained
from inland areas butnot if grown in cer-
tain areas near the sea. Ore serving of
?apaya from each of the two locations could
urnish 4% or 85% of the daily sodium al-
lowance. Beets, celery, and daikon, which
are known to be salt-respansive crops (6, 7),
were all found by_this lahoratory to have
relatively high-sodium values; sweetpotato
had the hlcllhest sodium content of any food,
although all the samples of these four vege-
tables were from low-sodium soils.

Head cabbage and Chinese cabbage sam-
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TABLE 1
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Source of Sample 1

Feod Location
Bananas ]
1 ChiNeSL..omvrrsrvrrrrens Waiahole
PN Y (11 11:1 o Maunawili
3
Beans, Green
1 Lualualei... . Makaha
2 Lualualei.... . Kaneohe
3 Purple Seeded ..K|pa|oa
4 Purple Seeded........ Waialua
5 Lualualei....nn Waikane
6 Lualualei...... e Waimanalo
7 Hawailan & Maui _
Wonder ... Waimanalo
8 Lualualei ..orvvvrnns Kailua
9 Lualualel ... Koko Head
Beets ,
1 Unknown ... Kipapa

2 Detroit Dark Red......Moanalua 2
3 Detroit Dark Red...Moanalua2

Cabbage, Chinese

1 (jice FU v Volcano,
Hawail
2 Chee Fl.wmsnns Volcano,
Hawall
3 Chee FU.rrnnn Kamuela,
_ Hawall
4 Qiee FU .o Kamuela,_
_Hawai
5 Won BoK evevrrnren Kipapa
6 Won BoK..rrrenn Waialua
Cabbage, Head
1 Copenhagen Market Kamuela,
Hawail
2 Copenhagen Market ..Volcano,
Hawall
3 Copenhagen Market. Kamuela,
Hawai
4 Copenhagen Market ...Kipapa
S Copenhagen Market. Kailua
6 Copenhagen Market . Kula, Maui
7 Copenhagen Market ...Ewa
Celery _ _
1° Utah Special.............. Mokuleia 2

2 Utah Special... Kamuela,

Hawali

g

feet
<20
150

150

Rom S

istan

iles

w o
oo O POT

o wrutoout

%

Stream .. iy
Rain, City &
County 124
County 68.2
Well ... 923
Stream .. 920
Stream .. 927
Well ... 91.9
Stream ... 91.5

Irrigation ditch 925

Irrigation ditch 921

Stream, City &
_Count% 932

City & County...928

Stream ... 86.6
Well ... 914
Well .. 88.5
Rain .. 96.2
Rain .. 96.4
Reservoir 96.0
Reservoir 9.4
Stream ... 95.7
Well ... 9.8
Reservoir 944
Rain .. 940
Reservoir 93.2
Stream .. 931
Stream, City &
County 926

Irri?ation ditch 93.4
Well ... 920

Well ... 939
Reservoir 95.2

E

Sodium
& Water supply Moisture  Food ~ Water  Soil

mg/
10<g
15

14

—
N

Wi PO PO
—~N o oo COODUT—POY N

©www

/
W

oo o

19.3
122
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Food

Utah Special...........
Utah Special.............

Cucumber

1 Unknown

[e= N{aopXdy By JbN 0 S]

Burpee's Hvbrid
UNKNOWN...vvvrrvne
Burpees Hybrid
Unknown

Unknown
UNKNOWN...ov v
Burpee's Hybrid......

Dalkon (Japanese Radish)

oo ~Noo o1l [NS)

Mino-Kokonoka....... ..
Mino-Kokonoka

Chinese Radish
Chinese Radish
Chinese Radish
Chinese Radish.......
Mino-Kokonoka

Mino-Kokonoka.......

Eggplant, Long

1

~NOoUT R

8

UNKNOWN oo

Unknown ....................
Unknown......eeee
V11T [—
Molokai Long.......
Unknown

Long, Giant
Honnago
0] 11T —

9 Molokai Long........

10

WL Lo LT —

Eggplant Round

2
3
4
5
b

1 Black Beauty........... .
Black Beaut
Black Beauty
Black Beaut
Black Beauty
Black Beauty.........

Lettuce, Head

2

1 Great Lakes.......
Great LakesS....onn...

TABLE 1—Continued

Source of Sample ,
v e Sodium

Location Ellona1 o Water supply Moisture  Food ~ Water  Soil

feet miles % 10(99 1[8(% 1"68/8)
Mokuleia2 <20 05  Well s v %o 32 36 5
Kamuela, _

Hawail 2800 100  Reservoir ... 942 520 04 40
Kailua 120 19  Stream, City &

County .......... %9 22 43 74
Kipapa 500 60  Stream ... %0 23 13 61
Kaneohe so0 06  Stream ... %6 25 36 87
Mokuleia <20 05 Well . %4 26 T4 242
Koko Head <20 15 City & County .949 47 37 179
Waimanalo 50 08 Irrl?anon ditch 957 62 28 428
KokoHead 50 12 Well e %4 63 680 2130
Waimea 0N 01 Well v 9%52 97 340 458
Volcano, ,

Hawaii2 3800 120  RaiN oo 940 52 053 28
Volcano, .

Hawaii2 3800 120  Rain o 99 66 052 18
Moanalua 20 L0 Well e . 944 134 39 136
KokoHead <20 07 City & County . 946 143 37 2L6
Vaialua 20 08 Well 946 144 134 42
Waialua % 11 City &County 949 172 84 202
Kamuela, ,

Hawail 2800 100  ReSErvoir . 9%0 305 04 97
Kamuela, _

Hawail 2800 100  ReServoir . 944 45 06 92
Waianae 100 L1 Stream ... 907 19 20 121
Moanalua2 20 10 Well s RQ2 22 39 153
Kailua 120 19 City & County 909 25 14 89
Kaneohe 10 07 City &County. 916 31 14 53
Waialua <20 05 Well ... 930 32 85 283
KokoHead <20 15 Clty &County 920 33 37 232
Manoa 90 18 City &County 926 37 33
Moanalua2 20 10 Well wrere 26 39 39 100
. Ewa N 15 WeII ................. 922 48 45 552

0 25 Well s 05 49 18 75
Moanalua2z 20 10 Well s . Q7 21 39 694
Manoa 90 18 City & County. 21 23 33
Moanalua2z 20 10 WEll s 29 26 39 216
Ewa N 15 WeII ................. 20 33 45 B0
Waialua » 11 City &County 914 42 84 43
Koko Head <20 15  City &County 927 42 37 354
Kipapa 50 60  Stream %2 22 13 36
Kamuela, _
Hawail 2800 100  ReServoir ... %8 22 06 64
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Food Location
3 Great LakeS... ... Volcano,
Hawal
4 Great LakesS....... ... Kamuela,
Hawail
Lettuce, Semi-head .
Man0a....coccmeers oo Kailua
2 Manna..ns o, Manoa
3 Manoa.....nns .. Kaneohe
4 Man0@....eveveeennns
5 Manoa......
6 Manoa.....cs ... Koko Head
7 Man0a...s oo Waialua

Onions, Dry
1 Yellow Bermuda .... ...Manoa
2 Granex Hybrid..... ... Mikilua
3 Granex Hybrid..... ... Mikilua

Onions, Green
1 Green Bunching.... ...Manoa
2 Green Bunching.... ...Kailua
3 Green Bunching.... ... Waianae
4 Green Bunching... .... Volcano,
_ Hawali
5 Green Bunching.... ... Koko Head
6 Green Bunching.... .... Waialua
a
1

Papaya

Pima. Hawaii 300

2 ~Kipapa
K1) (1 Maunawili
45010 Manoa
5 5010 Hakipuu
6 S0l0ui Waimanalo
T S00. s e Waimanalo
8 SO0 Waimanalo
1% 1] [ R Waianae 2
1 SO0l0.ininis o Waianae 2
125010 oo Makaha
135010 oo Kaneohe
14 S000. v o Kaunakakai,
Molokai2
15 SO0 o Kaunakakai,
Molokai2

Pepfer Green ,
California Wonder ....Kipapa
2 California Wonder. ....Waialua
3 Keystone Resistant
. Kipapa
4 California Wonder ...Makaha

TABLE 1—Continued

Source of Sample 1

HeF OB water supply Moisture  Food
feet miles % 1@(%
3800 120  Rain e 9.0 43
2800 100  Reservoir .. %2 45

120 19  Stream, City &
.Count% ......... 956 45
200 31 City & County 95.7 64
100 07 City & County %1 66
20 10 Well %5 104
20 10 Well %7 108
<20 15  City & County 96.3 132
% 11 City & County. 957 148
0 18 City & County 930 23
50 13 Well s 928 48
5 13 Well s 90 96
2000 31 City & County 918 12
120 19 City & County 908 13
100 11 Stream ... 914 19
300 120  Rain .. 96 31
<20 15 City & County 934 34
% 11 City & County. 904 37
25 RN i 86.0 36
50 60  Stream ... . 89 39
150 38 City & County 846 44
90 18 City & County 86 83
40 01 City & County 848 9.0
20 03 lmrigation ditch 846 102
80 L1 lrrigtation ditch 854 132
20 05 lrrigation ditch 859 150
BH 08 Stream ... 864 154
20 10 Well .. 860 174
3B 08  Stream . 864 186
<20 02 Well 850 340
<20 02 City & County. .86.3 450
Boo05 Well s 86.7 620
05 Well e 8.6 760
50 60  Stream ... . 9238 19
20 08  Well e 9237 20
50 60 Stream ... 940 22
200 12 Stream ... 230 22

3

Sodium
Water ~ Sail
9, B
053 34
04 27
43 63
33 72
14 94
39 310
39 126
37 01
84 101
33
370 340
310 490
33 6.8
14 63
2.0 75
053 13
37 210
84 92
053 76
21 72
14 29
33
34 69
28 126
28 127
28 7
54 126
39 108
54 119
800 1081
14 89
400 652
8.04 305
21 51
134 389
13 61
55 119
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TABLE 1—Concluded

Source of Sample 4 Sodium
Food Location Etli%Y1a RW@@S Water supply ~ MeJisture ~ Food ~ Water  Soil
. feet  miles % {H@/g {H@/g {H%
5 Keystone Resistant ,
G E—— . Waialua 0 08 Well 30 30 134 166
6 California Wonder ..... Kamuela, _
Hawail 2800 100  Reservoir .. B5 36 06 80
7 Yolo Wonder......... . Lualualei 80 27  Well v 936 56 435 1064
8 YoloWonder........ .. Waimea 001 Well s 942 85 U0 A1
Sweetpotato _ _
1 Unknown..nnnn .. Kailua 120 19  Stream, City &
_ County v 49 154 43 90
AR O] [1] - Kipapa 500 0 Stream "o 78 186 21 36
3 Kona B Kipapa 500 0 Stream ... 3 84 21 36
4 Unknown ... o Kaneohe 50 6 Stream ... 643 590 36 47
5 0nolend......n . Waimanalo 100 1 lrrigation ditch 742 840 28 76
6 Unknown....e . Kaneohe 50 6 Stream ... 696 855 36 47
7 KOna B .. Waiahole <20 2 Stream ... 754 1080 15 79
Taro Corms
1 UNKNOWN v Kaneohe 100 5 Stream . 572 164 71 200
2 Unknown....es Kaneohe <20 5 Stream ... 91 180 16 208
3 Unknown ..o Kaneohe 60 2 Stream . 510 260 17 167
Tomatoes _ _
1 Unknown s Kailua 120 19  Stream, City &
_ County e . 948 21 43 95
2 MaUI v Makaha 20 12 Stream ... 938 24 55 83
3 Unknown ... Waimanalo 50 08 Irrl?atlon ditch %1 51 28 155
4 Anahu, N-5, N-13 ... Ewa 0 15 Well e 93.8 52 45 395
5 Anahu, N-5, N-13 ..... Lualualei 80 27 Well e 943 64 435 800
6 Molokai ...rrrvs Lualualei 0 25 Well . 926 68 18 260

1Locations are for the island of Oahu unless indicated otherwise.

on topographical ma

Same farm, dlﬁ"erent season for a given crop.

Elevation and distance measured

3Rain, only source of water. Sodium content estimated to be 05 mg/100 g.
4Collected” from open well after very heavy rain storm.

pies exhibited a slight increase in plant
sodium with increasé in soil sodium, but
the authors were unable to find for compari-
son, samples which had been grown in high-
sodjum soils.. Cabbages reportedly respand
to increases in salt ?6, 71. The Temaining
foods (cucumber, Manoa lettuce, dry onion,
green pepper, taro, and tomato) were gener-
ally low in sodium and appeared to, lie non-
responsive to a varying sodium environment
(see cucumber). o
Although many foods were low in sodium,
or non-résponsive to the sodium environ-
ment, the variation between the lowest and
highest figures for a given food was a two

to tenfold increase. The differences were
evident not only between localities but also,
to a lesser deqree, between seasons on the
same farm, &%ee footnote in table.) The
results indicate that variations in sodium
should be expected in plant foods, although
the differences may not always be nutrition-
ally significant.
here there was known to be more than
one horticultural variety for a given food,
the data were examined to ascertain what
effect variety mlght have exerted on the
sodium. content of plants. There appeared
to be little influence. .
AVaters from streams and the City and
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County Board of Water Supply were low
in sodium as expected. On the ‘other hand,
several wells were roducmg water con-
taining from 30 to 80 mg/100 g and the
soils Irrigated by these waters had moder-
ately high concentrations of sodium.

0 géneral, farms near the ocean had
highersodium soils than farms located some
distance from the sea.
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SUMMARY

The many species of rockfish found in Pacific Coast waters represent an abundant
source of seafood, which is available during all seasons of the year. The edihle
Portlon is_processed as fillets either fresh or frozen. Composition of these fillets for
the more important commercial species have been found to be high in protein and low
in both oil and sodium. The values remain quite uniform for the different species
regardless of the size of the fish, the season of its capture, or the manner in which

it 15 stored and processed. The nonedible
food since they are high in protein, oil, an

in an economical manner.

More than 50 species of rockfish inhabit
the waters of the Pacific Coast of the United
States. They range in length from 25 to
75 cm,_but most of them are’less than 60 ¢cm
(2). These species of fish represent an in-
creasingly important segment of the Pacific
Coast “commercial _ fishing mdustr%. The
total catch landed in Oregon, Was mglton,
and California in 1956 "was 26 million
pounds. Amounts for some of the other
si)em,es landed in the same area during 1956,
also in millions of gound,s, were Pacitic sal-
mon 54, flounder 52, halibut 22, and Pacific
cod 10 m The processing of rockfish in-
volves filleting and freezing operations, which
have become @ major industry in the Pacific
Northwest, ,

The edible flesh of rockfish represents
about one fourth of the whole fish. The
remainder of the carcass or trimmings is sold
to operators of mink and trout farms or is
converted to meal for use in poultry and
livestock feed. It is important, therefore, to
know the composition of the trimmings and
of the whole fish, as well as the composition
of the edible flesh. In spite of the increasing
popularlty of rockfish, there are ver¥, few
data on composition available in the Tlitera-
ture for anL%/) of the species of the Sehastodes

group (1,

aContribution No 576 from the technological
laboratories of the Bureau of Commercial Fisheries
Fish and Wildlife Service, U. S. Department of
the Interior.

arts provide a valuable source of animal

ash. Thus the entire fish can be utilized

Chemists at the Seattle laboratory of the
Bureau of Commercial Fisheries have ob-
tained comﬁosmon, data for nine species of
rockfish, The specimens used represent wide
variety in regard to size, season of capture,
area of capture, and. method of preservation.
The purpose of this_paper is_to compare
variations in composition of fillets for" the
more important species. of rockfish with re-
gard to species, size of fish, season of capture,
area of capture, and method of preservation,
as well as to evaluate the composition data
for the nonedible parts and the calculated
values for the whole fish,

EXPERIMENTAL
Collection of Specimens

The fish for which data are reported in this paper
represent nine of the more common species of
Sebastodes found in the coastal waters of Washing-
ton, Oregon, and northern California gTabIe 1%2.
They were collected during the years 1950, 1952,
and 1957 to 1959, Specimens were obtained durln%
all seasons of the year and were either frozen a
once or held in ice in the round on hoard the fishing
vessel. Three series of samples were purchased as
commercially packed frozen fillets from local fish
houses.

Preparation of Samples

The frozen fish were thawed in lukewarm water,
and the iced fish were washed in water. The length
and weight of each fish were recorded. Fillets were
then removed from each fish, weighed, ground,
hermetically sealed in 14-pound cans, and frozen
as previously described (5). The commercially
frozen fillets were partially thawed at room tem-
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TABLE 1
Source Data for Rockfish (Sebastodes Species)

i ientifi Date
SN ° C%@mg " Sﬁéerﬂguc %laap(i%r%f Month ~ Year  Preservation

| Orange rockfish S. pinniger Puget Sound  Sept. 50  Frozen fillets
2 Qrange rockfish S. pinniger Wash, coast  Jan. 57 Iced round

3 Qrange rockfish S. pinniger Wash, coast ~ Jan. 57 lced round

4 Orange rockfish S. pinniger Wash, coast  June 59 Frozen fillets
5 Orange rockfish S. pinniger Oregon coast April 59 Frozen round
6  Orange rockfish S. pinniger Wash, coast  June 59 Iced round

7 Orange rockfish S. pinniger Wash, coast ~ Nov. 59 Iced round

8 Yellowtail rockfish S. flavidus Wash, coast  Jan. 57 lced round

9 Yellowtail rockfish . flavidus QOregon coast May 57 Frozen round
10 Yellowtail rockfish S flavidus Oregon coast April 59  Frozen round
1 Yellowtail rockfish S. flavidus Wash, coast ~ June 59 Iced round
12 Yellowtail rockfish S. flavidus Wash, coast ~ Nov. 59 Iced round
13 Bocaccio rockfish S. paucispinis Ore_?on coast April 59  Frozen round
14 Chlll-gepper rockfish . goodci Calif, coast ~ Aug. 50  Frozen fillets
IS Darkblotched rockfish S. crommeri ~ Wash, coast ~ Sept. 52 Frozen round
16 Flagrockfish S.rubrivinctus  Oregon coast Mar. 52 Nodata

17 Greenstripe rockfish ~ S. elongatus ~ Wash, coast ~ Sept. 52 Frozen round
18 Greenstripe rockfish ~ S. elongatus ~ Oregon coast April 59 Frozen round
19 Idiot rockfish S.alaskanus  Wash, coast ~ Oct. 5  Frozenround
20 Rosy rockfish S. rosaecus Wash, coast ~ Sept. 52 Frozen round

* S. refers to Sebastodes except No. 19 which is Sebastolobus.

perature before being ground and canned. To pre-
Pare the sample for analysis, the technician thawed
he contents of the can by immersing it in luke-
warm water. After removal from the can the sam-
ple was reduced further in particle size by means
of a high-speed cutting blade.

Methods of Analysis
The ?r_ound samples were analyzed for moisture

RESULTS AND DISCUSSION

The data can be treated conveniently in
four_sections as follows. (1) variations in
thsmal data; (2) variations in the composi-
lon of fillets according to: (a) species, (b)
size of fish, (? season of capture, (d) area
of capture, and (e) method of preservation;
(3) variations In the composition of non-
edible parts; and (4) variations in the com-

oil, protein, ash, sodium, and potassium by standard ,
methods previously described” (6). position of the whole fish.
TABLE 2
- Length Weight Fillet yield
s Species N A Ree AV Rmge A Rage
0 0
[to 7 Orange rockfish n B 4 1‘%0 0.8&!(-%.14 217.6 17.€{-°40.5
8t0 12 Yellowtail rockfish 49 48 43-62 141 042282 215 17.0-349
13 Bocaccio rockfish 5 5 5158 212 144256 263 20.9-30.8
14 Ch|||-gepper rockfish 12 Fillets only
15 Dark blotched rockfish 12 31 27-33 059  0.42-0.75
16 Flag rockfish 6 48 4156 239  140-3.69
17&18  Greenstripe rockfish 3N 27-35 04 024079 237 198-290
19 |diot rockfish 13 38 2747 091 035155 203 16.9-244
2 Rosy rockfish B3 24 222 020 015028
Average 1 2 26 13 015369 263 169405

1Averages are for all series of all species.
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TABLE 3

Data for

Composition

PROXIMATE COMPOSITION OF NINE SPECIES OF ROCKFISH

Variations in Physical Data

Opno 0 0 ol . . .
cECBPEE B b The specimens. of rockfish analyzed in-
PR 8o % cIudeld at\l{l\”d$ \Lll%rlety of (?IZGS, with a]p 2aéletr-
0 age length of 42 cm and a range o 0
TP w P g Lx 6% cm iTabIe 2). Arranged |ng decreasing

Fore P order of length, the major species of rock-
b oo @SB %K K fish were bocaccio, orange, and yellowtail.
A D S The same order was found in Tegard to

weight. The average weight for all” species
WP BEE BE 8 was 1.30 kg, and the ran?e was from 0.15 to
3.69 kg. The fillet yield averaged 26.3%

W QLY to b iy and ranged from 16.9'to 40.5% for the skin-
FedBa  nh 0 less boeless filles
p i1 p 99. P H-FI—

Variations in Composition of Fillets

T o
a3
o
@
(]

ST NERR 8 Bo B F Throughout the 20 series of rockfish sam-

ples representing 9 different species, the per-

y 0, 2 0 & D centages of moisture, oil, protein, and ash

c & ew & e were ‘found to be fairly uniform STabIe 3).

" owmbewb ol o The moisture content averaged 79.0% with

- variations of +3%. The oil content aver-

: 20 Qe @ lxeso p 0 o aged 1.50% and usually varied by not more

1w R Fes than +1%. Protein values aver,aﬁ,ed 19.0%

° 1098 & % 0 and variations were usually within +3% .

b &P o e Ash values showed only minor variations

e "o @Y B8 18 from the average of 1.18%' Larger varia-

°©© o T4 °° ° tions were found in the sodium and potas-

onm P BERLOE g sium content, but these values did not deviate

i L by more than 40% from the average of 63

g et oo mS% per 100 g for sodium or bv more than

8 b Ppo BB 25% from the average of 387 mg per 100 g

LS e S @.ﬁ - for potassium. 1t is mterestln% that no speci-

eEER e & men in the more than 200 fish analyzed had

e oW e . a sodium content of more than 97 mq per

r.oppRElagn o 100&; and that some were as low as 40 mg
er .

o om0 e o : Whe,n%he composition data were arran%ed

e WP Fea T % B according to size of fish (Table 4a), they

showed Smaller deviations, than were found

W among the specimens of individual species.

5 Even the oil content, which usually varies

with size, was practically constant. The com-

'@@ " position also did not seem to be affected ap-

preciably bY either season (Table 4b) or

|$| > area of ‘capture (Table 4c), This is an in-

D < teresting observation, considering that the

5 b sPemmens contained representatives from

all 4 seasons and from 5 different years and

=0 100 M < Wwere collected in an area extending from

ol Puget Sound, Washington, to Eureka, Cali-

fornia. It is recognized that to fully evaluate
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TABLE 4
Factor of comparison I\g*r?ﬁﬁr Moisture il Protein ~ Ash  Sodium Potassium
0 0 0 0 % %
o) Sieof heooh hoo b Mek M
mall 5 790 135 192 119 10 403
Medium 6 798 134 186 118 64 385
Large 34 194 161 186 114 62 401
(b) Season of capture
Winter 18 793 153 189 121 68 397
Spring 58 795 124 188 122 63 409
Summer 2 80.0 115 187 112 67 370
Fall 8 8.8 159 191 115 61 306
(cg) Area of capture
reqon coast Ji! 194 119 190 119 63 409
Washington coast 110 192 156 189 118 65 304
(dg Method of Preservation
rozen round 106 194 125 190 119 64 393
|ced round 40 194 156 192 Wil 63 401
Frozen fillets 69 782 201 196 i 60 332

the influence of these_physical, geographic,
and seasonal factors, it would he necessarﬁ
to include a much broader sampling of eac
species for size, area, and season. The data
do indicate, however, a general trend toward
fairly constant composifion,

Samples prepared from fish that had been
(a) frozen in the round, (b) iced in the

round, and (c) commerquIY prepared as
frozen fillets also showed little variation in
composition (Table 4d). Even sodium and
potassium, which are ,usuall% much lower in
fish that have been iced than in fish that
have been frozen, were essentially the same
for the twq groups. This might be explained
on the hasis that the Sebastodes group has a

TABLE 5
Composition Data fOI’ N onedible Pal’tS and W hole Rockfish
Factor of comparison '\louf”fllts)ﬁr Moisture  Qil Prottin ~ Ash  Sodium Potassium
, % % % % Mg% Mg
(a) /E\verages for nonedible
arts
: Orange rockfish 26 69.9 .07 165 6.06 136 25
Yellowtail rockfish 43 710 6.77 165 6.35 166 243
Bocaccio rockfish 1S 730 6.45 163 457 139 281
Greenstripe rockfish 14 69.3 544 184 8.93 181 238
Idiot rockfish 13 7.8 9.66 128 2.89 160 21
Average 1 713 7.09 16.2 599 157 25
(b) Averages calculated for
whole fish
Orange rockfish 26 122 6.19 170 490 118 292
Yellowtail rockfish 43 134 5.29 171 492 137 284
Bocaccio rockfish 15 4T 508 169 3 119 318
Greenstripe rockfish 14 716 4.30 187 it 154 380
Idiot rockfish 13 16.7 8.04 137 2.52 144 230
Average 1 134 5.66 168 4.76 133 2%

1Averages are for all series of all species.
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ver}é tough skin and that the period of fime
rockfish ‘are stored in ice on board ship_is
probably considerably shorter than it is with
other Species, since rockfish _usually are
captured fairly close to shore. The possibil-
ity for leaching of sodium and potassium ions
would therefore be greatlly Teduced. The
de?ree of close agreement in comPosmon
befween the commermallr frozen fillets and
the freshly prepared fillets indicates that
E,rocessmg methods do not alter the composi-
lon of the fish to an appreciable extent.

Variations in Composition of the
Nonedible Parts

Composite samples were prepared from
the nonedible Farts of all of the fish in nine
of the series s . _
age values for the different” constituents
were moisture 71.3%, oil 7.1%, protein
16.2%, ash 6.0%, sodium 157 mg per 100 g,
and potassium 245 mg per 100 g. ‘As in the
Prevmus tables, the variations were not large
or moisture, ol, grotem, and ash and varied
a_maximum of 25% for sodium and potas-
sium. The nonedible parts of the Sebastodes
group are sufficiently h|%h in oil, protein
and ash to provide a good source of animal
and fish food either in the freshly ground
state or as a processed meal.

Variations in the Composition of the
_ hole Fish .

Rockfish are seldom used whole for animal

feeding, since the flesh is valuable for human

udied (Table 5a). The aver-

food. The calculated values for the whole

fish, however, are interesting by way of com-

parison_with those found for ‘the nonedible

parts (Table 5b). The differences are not

H}reat; thus the whole fish could be put to
e same use if available.
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SUMMARY

The Girard-T rea_tt;en_t was used to recover the aldehydes from cold-pressed lemon,
orange and grapefrm oils for subsequent quantitative gas chromatographic analysis.
Optimum conditions for analysis were worked out with a known mixture of citral and
the saturated aliphatic aldehydes which occur in major concentration in lemon oil.
Isopropanol was used in the preparative step to eliminate acetal formation and iso-

ﬁentane in the final extractions to reduce losses of the lower-molecular-weight aide-

des durin

Recent work of Weissenberg and Gins-
bur[q éﬁ), and Teitelbaum (5) demonstrated
that Girard reagents function, satisfactorily
for the isolation and regeneration of higher-
molecular-weight aldehydes. This is in"con-
trast to observations made in original studies
with these reagents by Girard and Sandu-
lesco (2) who recommended them only for
use with ketones. ,

Analysis of the individual carbonyls in
lemon and other citrus oils has been” ham-
pered by the lack of adequate methods for
separating them from other components in
the mixture. Conversion to the 2,4-dinitro-
phenvihydrazones and subsequent column
c_hromatopraphlc separation of the deriva-
tives is fime-consuming and may damage
the mare sensitive components. For. exam-
ple, acids used in preparln% the derivatives
are known to cause structural rearrange-
ments of the terpenes. Direct column chro-
matography of the oil mixtures as a primary
separation ‘step followed by analysis of frac-
tions with gas chromatography is also time-

*Work supported in part by Lemon Products
Technical Committee, Los Angeles, California.

bPresented at the Twentieth Annual Meeting of
the Institute of Food Technologists, San Francisco,
California, May 17, 1960. o

CA laboratory of the Western Utilization Re-
search and Development Division, Agricultural
Research Service, U. S. Department of Agriculture.

_ P vacuum concentration of the sample for
ypical analyses are given for samples of domestic col

4

gas chromatographic analysis,
-pressed citrus oils.

consuming and does not necessarily guaran-
tee that other non-carbonyl components are
absent from the recovered mixtures. Con-
sequently, the Girard reagent procedure,
P_artlcu_larly in cong)unctlo_n with the innova-
lons introduced by Teitelbaum (5), ap-
peared particularly “attractive for gas chro-

matogra_Fhic analysis of the carbonyls in
citrus oils, _
To apply the method of Teitelbaum to the

recovery of aldehydes from citrus oils. for
subsequent gas chiromatographic analysis it
was necessary to investigate several vari-
ables. The effects of concentration of Girard
reagent in the preparative steP,, the concen-
tration of formaldehyde, and time and tem-
perature conditions durlln_? the regeneration
step on the reproducibility of the method
for.a known mixture of aldehydes were ex-
amined, It was also necessary to select the
best solvents for the preparative step and the
final recovery step (after,re?eneratlon of the
aldehydes). “This analytical procedure was
only Iintended for detérmining the relative
coricentrations of the normal saturated alde-
hydes and citral. Complete recovery of the
carbonyls, therefore, was not necessary as
long as it could be demonstrated with kriown
mixtures of aldehydes that, within reasonable
limits, the relative amounts of the individual
aldehydes were unchanged by the recovery
procedure.
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Basically the method involves five steps:
conversion _of aldehydes to water-soluble
Girard derivatives, extraction of aqueous
reaction mixture with an organic solvent to
remove non-carbon_)(l compounds, regenera-
tion of aldehydes with aqueous formaldehyde,
recovery of the regenerated carbonyl com-
Pounds by extraction and flash evaporation
0 remove solvent, and gas chromatographic

analysis.
EXPERIMENTAL

General Procedure

Two ([;rams of Girard-T reagent, 200 ml of iso-
Propano , 0.5 g of IRC-50 ion exchange resin (acid
ormg and 05 g of the known aldehyde mixture
<10-50 ml of citrus oil dependm? on”the amount
of aldehydes present) were heated under reflux
for 1 hr.” The reaction mixture was cooled slightly
and filtered througP coarse_filter paper into a
separatory funnel. The reaction flask was washed
with 2-10-ml portions of isopropanol followed by
250 ml of distilled water and the washings filtered
into a separatorY funnel. To the material in the
separatory funnel was added 75 ml redistilled hex-
ane. The mixture was shaken vigorously and
allowed to stand for 2 hr after which the aqueous
Ehase was_ drawn off and extracted twice with
0-ml portions of hexane allowing 1 hr between
extractions for the seParatlon of phases. The aque-
ous phase was transferred to a I-liter stoppered
bottle, 60 ml of 36% aqueous formaldehyde solu-
tion was added and air in the bottle displaced with
nitrogen. The contents were thorour};hly mixed
and the bottle placed in a constant-temperature
bath at 37° C for 24 hr. The bottle was tlien cooled
in ice water for 10-15 min, and 40 g sodium chlo-
ride and 50 ml |sof)entane were added. The mixture
was swirled until the sodium chloride dissolved
and transferred to a separatory funnel. The aque-
ous phase was then separated and extracted with a
second 50-ml portion of isopentane. The isopentane-
isopropanol phases were combined and washed with
200 ml of chilled distilled water (to remove the
|sopropanoIJ_ followed by 100 ml of chilled 20%
aqueous sodium chloride” solution. The isopentane
%hase_ was dried over anhydrous sodiutr. sulfate.
he isopentane was removed in a rotary vacuum
evaporator (bath temperature at 30°, water as-
pirator_vacuum) to a small volume (about 05
ml). The residue was analyzed by (lqas chroma-
tography (column, 10 ft x "G in "butanediol-suc-
cinate coated firebrick, temperature, 205° C, helium
flow rate, 25 ml/min; hot wire thermal conduc-
IIVItﬁ/ detector). o

These conditions were selected after considering
the results of the following series of experiments.

A mixture of commercial »-octanal, u-nonanal,
»-decanal, »-undecanal and citral (aldehyde mix-
ture No. 1) was used in developing the optimum
conditions ‘for the analytical procedure. These
aldehydes are in major concentration in lemon oil
(3). "Purity of the individual aldehydes was de-
termined by the method of Fritz et al (1). Non-
carbonv| impurities were assumed to be the cor-
responding carboxylic acids which would not
a%)ear in"the gas chromatographic analyses. The
aldehydes were analyzed by gas chromatography
and found to contain other”members of the same
homologous series.  These aldehydes and the
amounts present based on peak areas are shown
in Table 1 The Per cent composition as total
carbonyl, weight of material used in making up
the mixture and calculated actual weight of car-
bonyl used also appear in Table 1 The calculated
com}ﬁosmon of the mixture appears in column 9
of Table 1 In a final recovery determination,
»-heptanal (found in lemon oil after the condi-
tions had been worked out) was included in a
second mixture (aldehyde mixture No 2). The
calculated composition of this mixture, determined
in the same_manner as for aldehyde mixture No. 1
appears in Table 1 column 13 _ _

Of the four stationary phases, butanediol-succi-
nate, Ucon polar, Apiezon and silicone, which were
tested for %as chromatographic analysis with the
known aldehyde mixtures, butanediol-succinate was
the most satisfactory. The percentage comPosgtlon
of these mixtures as well as all subsequent citrus
oil analyses was determined with the butanediol-
succinate column using peak areas determined by
calculating the areas of triangles circumscribed
over the peaks. A relatively fast chart speed (2
inches per min with a Brown strip chart re-
corder)1was used to spread out the peaks to mini-
mize errors in .calculatm% the areas. Because the
two forms of citral (neral and géranial) were not
completely separated, the citral” double peak was
cut out and its area determined by weight. In
order to account for any variations in the thickness
of the ﬁaper_, a portion of the chart immediately
below the citral peak was used to determine the
weight-area conversion factor for each run. The
as chromatograp[hlc analyses of aldehyde mixture

0. Lappear in Table 1, column 10, as'the average
of four runs. Also included are the maximum
differences between the calculated and found values.

Durmg the early stages of this study, ethanol
was used instead of isopropanol as the ‘solvent in
the initial preparative step. In the resulting re-
corder tracings obtained by gas chromatography

dThe mention of special instruments or materials
does not imply endorsement by the Department of
Agriculture over others of similar nature.
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~ of the regenerated aldehyde mixtures, ﬁeaks ap-
= ?eared. which were ﬁroportlonal in helg t to and
@ Soog ollowing each of the normal saturated aliphatic
B2 aldehydes. These peaks were not present in the
E = tracings_obtained for the original aldehyde mix-
s B tures. The material comprising these small peaks
= SSS3isig was found to be non-carbonyl."When the material
= < was treated with dilute h%/drochlorlc acid, alde-
= hydes were formed .ha_vm% the same retention times
= ~ oo q % as the original individual aldehydes. In addition,
=3 J IR spectra indicated the presence of ether linkages.
8 It was, therefore, assumed that the compounds were
= ethyl acetals of the corresponde normal saturated
-~ aliphatic aldehydes. These small peaks were elim-
----- @ inated by substituting isopropanol for ethanol in
sy - the initial preparative step. .

A series of tests was conducted to determine the
guantnK of Girard-T reagent necessary to repro-
uce the aldehyde mixture No 1 Experiments
were carried out with the following amounts of
Girard-T rea%ent: 059,109, 200, 30g, and
40 g. All other conditions were held constant.

. Three grams of rea%ent exceeded the solubility in
<o 0 O o4 the solvent system at reflux temperature. The %as

- = chromato%raphlc analyses are summarized in Table

Eb &
dlff%ﬁ%es 5
(=2
o
=
S
=
[ ]
[e»H

Composition of aldehyde mixture No. 1
4/'>V S

2. In subsequent experiments 40 g of Girard-T
= SLERRES O reagent was used to assure the presence of an
= - 8 o g?b@ eé(cess tof reagent. For general use 2.0 g should be
= - adequate.

s U sgzed @ %5 The effect of formaldehyde concentration was
T yac- studied using identical conditions for a series of
- g0k g analyses in which the amount of formalin in the
Ea '.i regeneration step was varied from 20 to 100 ml.
e B8LBSI _gg : Results of these analyses ag)p_ear in Table 3. In
== TS ’ﬂ j all subsequent analysés, and in the recommended
S J% £ 0, %eneral procedure, 60 ml of 36% aqueous formalde-
i ‘%J oon s Nyde solution was used since larger quantities gave

o Bagzoas o 19§ 5E1 on%y_ small increases in citral. _
g EXooTRs % ime and temperature were found to be im-
= © @ portant in obtaining complete regeneration of the
= P g aldehydes with formaldehyde. This was demon-
= U S S0 Tm% % strated in a series of controlled exPerlments in
= ' &> Which all conditions were held constant and the
£ ey SHG time and temperature during the formaldehyde
S B ociges s 3 regeneration step were varied. The results appear
= ; }” Table 4. | In or?re]r to r%dtuce thehtlme rfequlrtﬁd
£= . 0. cqUuSH.  for an analysis, the conditions chosen for the
g 0 Q&—*SO ® loi QL@ . standardized "general procedure were regeneration
5 § ) 8 £§ with 60 ml of aqueous formaldehyde solution at
= o= TR ng , 31°C for 24 hr, although similar “results may be

M >, «

N« -  Obtained with regeneration at room temperature

‘ § - for 4 days. .

) Isopentane was selected as the extraction solvent

3@@;’9%@ «  for the final recovery step so as to minimize losses

. of lower-boiling aldehydes during evaporation of
the solvent. To test for changes in composition of

the aldehyde mixture No 1 during concentration

Aldehyde
n-Heptanal7
n-Octanal
u-Nonanal
»-Decanal
n-Undecanal
Column No 1

Citral
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TABLE 2

E ffect of Amount of Girard-T Reagent on the
Composition of the Regenerated Aldehyde
Mixture No 112

Aldehydes, %

Yy 6 o w0 o Ci
05....32 49 24 26 86
107780 14 62 64 669
207078 124 68 66 663
3077778 109 65 62 617
1007077 105 66 66 666

1Regeneration with 60 ml 36% aqueous formalde-
hyde at 37° C for 24 hr.
2Compare with analyses in Table 1, column 10.

TABLE 3

Effect of Amount of Aqueous Formaldehyde
(36% solution) on Composition of Regenerated
Aldehyde Mixture No 112

Formalin Aldehydes, %

SOf%IO”’ G O o Cu Cil
20....85 158 82 79 596
0776 12 120 72 648
6077 125 66 66 666
8073 124 65 64 614
0073 10 62 60 685

1Regeneration at 37° C for 24 hr.
2Compare with analyses in Table 1, column 10.

TABLE 4

Effect of Temperature and Time During
Formaldehyde Regeneration on Composition of
Aldehyde Mixture No 11

Aldehydes, %
Tegerare & G otn G Cira

Room Temp, 2 hr.....145 296 150 169 240
Room Temp, 6 hr..... 100 199 114 126 460
Room Temp, 12 hr..... 94 173 98 101 534
Room Temp, 1 day..... 83 133 90 84 589
Room Temp, 2 days... 78 137 73 69 643
Room Temp, 4 days..... 76 121 66 65 67.3
Room Temp, 7 days ... 70 116 68 69 671.7
3°C, 1 day.... wow 11 125 66 66 666
31°C, 2 daVS.ne e 73 121 66 67 673

1Compare with analyses

from |soPenta_me, 05 g of the mixture was added
to 1d) ml of isopentane and the isopentane removed
in a rotating vacuum evaporator. The residue
1(ca. 0.5 ml) was analyzed by gas chromatography.
he average of 3 runs, and the gas chromato-
graphic analysis of the aldehyde mixture No 1 are
given in Table 5 for comparison. The evaporation

of isopentane did not change the composition of the
mixture, within reasonable experimental error.

To determine the effect of water-washing on the
composition of the regenerated aldehyde mixture
a 100-ml portion of isopentane containing 05 g of
aldehyde mixture No 1 was shaken 3X with fresh
100-ml portions of chilled distilled water. The
|soPentane phase was dried over anhydrous sodium
sulfate, the isopentane removed in" the rotating
vacuum evaporator and the composition of the
residue determined by gas chromatography. Simi-
lar extraction tests were made with a 50% satu-
rated salt solution and a saturated salt solution.
The results appear in Table 5 Extraction with
salt solutions and with water had little, if any,
effect on the composition of the aldehyde mixture.

TABLE 5
Effect of Vacuum Concentration on Removal
of Isopentane and Effect of Washing With
W ater and Salt Solutions on Composition
of Aldehyde Mixture No |1

Aldehydes, %

¢s C CO Cu Citral
Vacuum removal of

ISOPENTANE .y 66 120 66 62 685
Washing 3 x with

WALET 2 v 63 118 66 6.2 69.0
Washing 3 x with 50%
satd salt soln ... 63 116 65 61 694

Washing 3 x with sat'd
1 E0] 64 112 69 62 698

1Compare with analyses in Table 1, column 10.
2Average of 3 analyses.

The aldehyde mixtures No 1 and No 2 were
then carried "through the recovery procedure with
Girard-T reagent, regeneration and gas_chromato-
g_rqphlc analysis using the selected optimum con-
itions described above in the general frocedure.
Izhe rgsullémg analyses appear in Table 1

and 15,

columns

The system devised for the aldehydes, however
was tested with a known mixture of ketones and
found to be unsatisfactory. A mixture contamm%
methyl heptenone, fenchone, carvone and w-octana
(carbonyl” mixture No 3) was analyzed by ?as
chromatography and then carried through the
Girard procedure. Regeneration with agueous for-
maldehyde was carried out for 24 and 48 hr at
31° C. ‘The anaIP/ses are summarized in Table 6.
Assuming comﬁete regeneration of n-octanal it
would appear that only about 50% of the methyl
heptenone, 10% of the fenchone and 10% of the
carvone were regenerated in 24 hr. There was
tIéttl4@8|rﬁrprovement when regeneration was extended
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TABLE 6

Girard Reagent Recover y and Gas

graphic A nalyses of a Mixture

»-Octanal and Ketones)(Car

M ixture NO 3
Carbonyls, %
«Qctanal he'\p/)lf%tﬁgrlle Fenchone  Carvone

Original

MIXture ... 24 246 249 271
Analysis, 24 hr

rePeneratlon . 549  313 6.0 [
Analysis, 48 hr

regeneration ..520 354 53 13

ANALYSIS OF CITRUS OILS

_Representative samples of cold-pressed
citrus oils were then analyzed for their major
aldehydes_using the proposed. general pro-
cedure. Fifty ml of grapefruit”and oranﬁe
oils, and 25 ml of lemon oil were used. The
results of these analyses appear in Table 7.
Also included for lemon oil are total carbonyl
by the method of Fritz et al (1,1 “and the
(s!gecmc citral content by the vanillin-piperi-

ine method (4).

In lemon oil the citral content determined
by 9as chromatography is consistently about
10% higher than that determined "by the
vanillin-piperidine method. This is probably
because only the major aldehyde components
ha(\j/e been Consideréd in the” analytical pro-
cedure,

One dllsadvanta%e of the butanediol-succi-
nate stationary phase is that citronellal is
not separated” from «-decanal, and «-do-
decanal _is covered by the double peak of
citral. To analyze for citronellal and «-do-
decanal another stationary phase must be
used. The Ucon-polar stationary phase gives
a good separation but is unsafisfactory for
quantitative studies because of changes in the
base line. The amount of «-dodecanal in
lemon oil, by rough estimate from the Ucon-
ﬁolar tracings, was insignificant ([|udged to
e less than 0.1% of the carbon){ s). Citro-
nellal, on the other hand, though Tow in con-
centration appeared to be present in_about
one tenth the amount of «-decanal. There-
fore, the «-clecanal values for lemon oil de-
termined with the butanediol-succinate sta-
tionary phase may be 10% too high because

LEMON

|

MINUTES

Fig. 1 Gas chromatographic analysis of major
aldehydes of lemon oil isolated by Girard method.
Column conditions : 10 ft x 14 in" butanediol-succi-
nate stationary phase on crushed fire brick, tem-
perature 203°°C, helium flow rate 25 ml/min.

|-

VALENCIA ORANGE

Cio

C C

o | 2 3 4 5 & 1 8 9
MINUTES

Fig. 2. Gas chromatographic analysis of major
aldehydes of Valencia orange oil isolated by Girard
method. Column conditions: 10 ft x % in bu-
tanediol-succinate stationary ﬁha_se on crushed fire
brllfk" temperature 200° C, helium flow rate 20
ml/min.

of contamination with the citronellal which
accompanies it. _
Tracm?s of gas chromatograms obtained

for the aldehyde analyses of lemon, orange
ang %rapefrun oils appear in Figures 1 2
and 3.

The tracmgs were made with the
Varian Model G-10 recorder d for conven-
lence in preparing the illustrations. These
tracings ‘were not used for quantitative
determinations.

Only the normal saturated aldehydes were
considered in reportlng| the analyses of
grapefruit and orange oils. However, there
are other carbonyls present which should be
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TABLE 7
Quantitative A nalyses of the Major Aldehydes in Cold-pressed
Orange, Grapefruit and Lemon Oils
Aldehyde, % _
_Citrus Qil ] Ct G O Co Cl 9@ Carvonel ~ Citral
Valencia orange (Calif,) ... .. 26 %6 54 418 18 9 20
Navel orange (Calif.) .o oo 38 269 55 402 29 121 86
Temple orange (Fla.) . v 15 486 22 41 93 42
Grapefruit, white (Ariz.) ...... 34 347 64 434 25 77
Grapefruit, pink (Arz.) ... 9 164 59 60 109
Lemon 2 (Calif.) e 11 37 5 28 21 84.6

1Retention time identical with that of sample of carvone. S
‘Total carbonyl 2.6% by method of Fritz et al (1); Citral 1.9% by vanillin-piperidine

method (4).
¢ GRAPEFRUIT
8
o
Cq
¢ Gy G2
Y o
o 1 2 5 4 5 & 1 8 o

MINUTES
Fig. 3. Gas chromatographic analysis of major
aldehydes of grapefruit ol isolated by Girard
method. Column conditions same as for Figure 2

taken into consideration in a more detailed
study as, for example, carvone (Table 7),
which apparently is not, completeIY_ regener-
ated under the conditions established for
lemon oil. _

As mentioned earlier, complete recovery
of constituents was not required in obtaining
relative concentrations of the aldehydes hy
this Frocedure. Nevertheless, it was of in-
terest to determine whether recoveries were
comparable with those reported by Teitel-
baum. A total carbonyl analysis (method of
Fritz et al (1)) was made on a sample of
lemon oil and ‘on the carbonyl material re-
covered after regeneration from Girard-T
derivative (total "residue after removal of
|soPentane. It was found that api)roxr
mately 72% of the starting carbonyl was
recovered. This is in good agreement with
recoveries obtained by Teitelbaum (5) in
IaEge-scaIe preparative” experiments with cit-
ra

The completeness of removal of carbonyls

through the formation of the Girard deriva-
tive was tested in the following manner, A
sample of lemon oil was analyzed for total
carbonyl content by the method of Fritz
et al (1) and found’to contain 3.4% Scalcu-
lated as citral, mw. 152.23). A 25-ml sam-
ple of the oil was then treated with Girard-T
reagent as described in the general proce-
dure, the hexane extract separated (first ex-
traction step), dried over anhﬁdrous sodium
sulfate, and concentrated_ in the rotary vac-
uum evaporator. The residue from the evap-
orator was then analyzed for total carbonyl
content and found to contain 0.1% carbonyl,
on the original oil basis, Thus, about 97%
of the carbonyls orl?lnally in the lemon il
was removed by {reatment with Girard

reagent.
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SUMMARY

The total carotenoid pigments of pineapple fruit contain a high proportion of
epoxide groups which are readily isomerized to furanoid forms in an acid but not
in an alkaline environment. This isomerization causes a characteristic hypsochromic
shift in the absorption maxima of the pigment extract. The absorbance at 42S mu
remains relatively unchanged as isomerization proceeds, and thus can serve as a
measure of the total carotenoid pigment regardless of its isomeric form. The sharp
maximum at 466 m/x is lost as isomerization progresses. Thus, the ratio of absorb-
ances at 466 and 425 mix can serve as a measure of the extent of isomerization of

the pigments.

. The concentration of carotenoid pigments
in, the flesh of pineapple fruit varies over a
wide range amon% plneapﬁle varieties, dis-
tinguishing the_golden-fieshed varieties such
as Queen or Cayenne from the paler Red
Spanish or Cab,ezonalpmeapple (2). Within
a variety, the intensity of color has served
as one ‘measure in quality grading of the
processed plnea&ple.

It has been known for many. years that
the absorption spectrum of the p,lﬁments ex-
tracted from canned pineapple diftered from
that of fresh pineapple. Unpublished work
in 1941 by A.'J. Haagen-Smit, J. G. Kirch-
ner and A. G. R. Strickland at the California
Institute of Technology, in 1944 by G. H.
Ellis and his associates at the U, S. Plant
Soil and Nutrition Laboratory in Ithaca, and
in 1953 by H. Y. Young in"our laboratory
showed that the absorption curve of the ca-
rotenoids of fresh pineapple is changed and
shifted toward the ultraviolet when the tissue
is heated. This change obviously has impli-
cations in the colorimetric detefmination of
pineapple pigments.

EXPERIMENTAL METHODS

Field-ripe fruit of Hawaiian é)ineapple, Ananas
comosus var. Cayenne, were used throughout. Ca-

"A%proved by the Director as Technical Paper
Ho 71 of the Pineapple Research Institute of
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rotenoid pigments, were extracted from the edible
portlons_bY blending 25 ¢ of tissue with 50 ml of
a 1:1 mixiure of petroleum ether &BP 60-110° C)
and 95% ethanol. The petroleum ether supernatant
obtained by centrifugation was used for the ab-
sorption spectra measurements in the Beckman
DIv-2 recording spectrophotometer.

RESULTS AND DISCUSSION
The Spectral Shift

The absorption spectrum of an_ extract of
fresh pigment shows an intense, sharp maxi-
mum at 466-467 mA, a broader and slightly
more intense peak at 438-439 m/x, a less in-
tense peak at 415-418 m/i (a shoulder in less
than optimal samPIes) and finally two weak,
broad maxima at about 328 and 315 mix
The isomerized &canned-type) pigment ex-
tracts show a weak shoulder at about 470 m/x,
a moderately intense absorption maximum
at 447-449 "m/x, the most intense peak at
425-426 mix, the next most intense at 401—
403 mj, the third most intense (shoulder)
at about 382 mfx, and vague inflections below
this wave length (Figure 1).

Since the iSomerized pigment has lost the
466 niju, peak and yet retains its absorbance
at other lower wave lengths, these chan?e_s
readily lend themselves to spectrophotometric
determination of the relative amounts of the
unisomerized and isomerized, pllgments in an
extract. However, the eye is [ess discrimi-
nating and to the human eye these spectral
changes are hardly visible.” The isomerism
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results in a small shift in the shade of color
from a slightly orange-yellow in fresh fruit
to a somewhat more lémon-yellow color of
nearly the same intensity inthe isomerized
pigments of canned fruit.

0.9F

ABSORBANCE
° o
~ @®

o
)

0.5

460 am 290 460 380 500
WAVE LENGTH, mp

Fig. L Change in absorption spectrum of pine-
aﬁple_frun carotenoids as isomerization progresses,
showing espemaIIY the loss of the absorbance peak
at 466 mg, the Towered absorbance and shift to
higher wave length of the peak at 438 mg, and
the retention of absorbance in the neighborhood of
425 mg.. A tissue homogenate was allowed to stand
at 24 C for various periods before extraction of
the pigments into petroleum ether. Curve 1= after
3min: curve 2= 1hr; curve 3=2 hr; curve 4=
4 hr 22 min,

Chemical Nature of the Isomerization

Carotenoids of undisrupted fresh pine-
apple fruit tissue isomerize only very slowly
even when cut chunks are allowed to stand

for some time. On the other hand, homoge-
nates of the tissue soon exhibit a shifting in
the absorption spectra of their extracts, This
shift can be prevented bY the addition of
CaC03 or NaOH to neutralize the acid of
the fnneap le. This is illustrated by data in
Table 1. ‘Some isomerization occurred before
the pH of the blended tissue was adjusted,
but thereafter isomerization {Jroceeded onl
under acid conditions, At the lowest p
normal for the fruit, isomerization was es-
sentially complete after heating. ,

The “type of isomerization that is well
known for carotenoids and other polyenes is
cis-trans isomerism, This is know to be
catalyzed by acids, but is more readily pro-
duced by “iodine or sunlight, Literature
valuyes (1) for the spectral “shifts produced
by iodine 1somerization are of the order of a
few millimicrons, whereas the shift caused
by canning was considerably higher. lodine
and sunlight treatments or several days’
standing at room temperature in the light
caused some S|I?h'[ reduction in the absorp-
tion mtensﬁy of fresh pineapple carotenoid
extracts, buf did not produce the “canned-
type” spectral shift. .

There are other indications that the im-
portant isomerization is not one of cis-trans
change.. When the carotenoid extract from
fresh” pineapple flesh is shaken with, strong
hydrochloric acid, part of the yellow pigments
are converted to a blue solid, soluble in
methanol but insoluble in water or petroleum
ether. When treated with alkali, the blue
material again becomes yellow and soluble
in petroleum ether. The absorption spectrum
of the residual yellow solution after removal
of the blue resémbles that of the fresh pl?-
ments, whereas the spectrum of the pigments
regenerated from the blue solid approximates
the “canned-type” spectral shift,

This information  coupled with chromato-
graphic and_other data characterlzmg| the
indjvidual pigments, to be reﬁorted ater
makes it clear that the spectral shift is caused

TABLE 1

Percentage |somerization of Pineapple Carotenoids After Tissue Homogenates
Adjusted to Various pH Levels Were Heated 30 Minutes
at 100°C Before Extraction

pH 340 420 460
% Isomerized 98 85 84

490 5.70 6.05 €50 L04
5 44 38 21 2
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by the isomerization of one or more carote-

noids containing epoxide groups into their
furanoid rearrangement products (2, 3) in

a reaction of the following type:
cH CHz
CH=CH-C=etc.
0 |
CHz
CHs

Epoxide pigments are widespread in nature,
espemallr In _npenmg fruits. ,

The blue pigment formed with strong acids
probably consists of oxonium salts, “which
would exlplaln its solubility in methanol and
not petroleum ether.

Determination of Total Carotenoid
Pigment and tiie Degree
of Isomerization

~As seen in Figure 1, the unisomerized
plﬁ,ments show a strong ,
which becomes a low shoulder after isomeri-
zation. They also have a small absorption
minimum at 425 nip which is changed into
the maximum absorbance when isomerization
I complete. Absorbance determinations at
these two wave lengths can serve as a meas-
ure of the degree of isomerization of the
carotenoid pigments extracted from pine-
apple tissue. o ,
~ A large number of individual determina-
tions on fruit carefuII% selected and handled
to avoid tissue hreakdown, and extracted
rapidly and in the presence of excess alkali
to avoid isomerization, gave an average ratio
of absorbances at 466 and 425 mﬁ of 1.38.
This, then, characterizes the “fresh” or un-
isomerized p|ﬁments. Analyses on pigments
of heated flesh homogenates or éume gave an
average ratio of 0.40 for the absorbances at
the_two wave lengths.

These two ratios enable one to calculate
the degree of isomerization of pigment in a
given extract according to the formula:

do unisomerized =
{absorbance at 466 m/i)

{absorbance at 425 m/i)
138. 040

- 040 R —040

peak at 466 mp

The spectra of the pigments before and
after the acid-catalyzed “isomerization also
snges,t a means of analyzing for total ca-
roenoid pigment regardless of the isomeric

CH3 CH3

H* CH

CH—ertQ
CH*

0~

H
3

form. This involves selection of an isosbestic-
like wave,length for the measurement.

A true iscsbestic point can exist onI?/ when
a single compound_ is _being transformed
into ?or IS in equilibrium Wwith) another
and ther have different absorption spectra.
Under these conditions, a se(%uentlal series
of spectral absorption curves of samples with
varyln% degrees of conversion will all pass
through a point of constant absorbance, i.e.,
the isosbestic point. ~Although preliminary
chromatography had shown™ that at least
three carotenoids were in the natural pine-
apple mixture, it was hoped that one or more
?omts of nearly constant absorbance could be
ound as the fresh-tgpe pigment was con-
verted to the canned-type.” These pseudo-
Isosbestic wave Ienqths could then be used
for a colorimetric determination which would
give the same reading for fresh or canned
yellow pl([qment. ,

As will be noted from Figure 1, the spec-
tral curves on Pln,eapple, carotenoids at vari-
ous stages of isomerization approach a
common” absorbance near 425 mp and at
406 mu, The 406 m/i point is not on a peak
for either the isomerized or the_unisomerized
pigment spectrum, but rather is in a region
of rapid change of absorbance for hoth, Thus
a small wave-length difference could lead
to a rather Iarge change in the apparent
pigment concentration in the neighborhood
of 406 mi. ,

Measuring ngment, concentration at 425
m/i does ngt have this disadvantage, since
this wave length coincides with a peak on
the curve for isomerized pigment and is
near a saddle on the spectrum of the un-
isomerized pigment. Thus, where a mixture
of the isomeric forms is being analyzed for



52 CAROTENOID PIGMENTS OF PINEAPPLE FRUIT. 1

total carotenoid, the absorbance at 425 mp.

measured with a narrow band-pass spectro-
Ehotometer compared with an" appropriate
nown /3-carotene standard measured at the
same wave length can give the “pp
tene" equivalent with satisfactory accuracy.

Effect of Time and E xtraction
Technique on lsomerization

_The marked effect of pH on isomeriza-

tion of the carotenoid pigments of pineapple
has already been referred to (Table 1).

TABLE 2

Percentage l|somerization of Pineapple
Carotenoids After Tissue Homogenates
Were Allowed to Stand for Varying
Time at 24° C Before

E xtraction
AO
Blended fruit tissue _
3min 8
11 min il
Lhr 38
2hr 65
4hr 22 min 84
6hr 87
Blended with NaOH _
3min 5
Lhr 4
Blended with solvent .
0 min 9
Blended with NaOH + _
solvent 0min 0

m caro-

At room temperature, isomerization is de-
tectable within a few minutes and proceeds
for several hours at the pH of blended pine-
apple fruit &Table 2 and Fig. 1). An excess
of alkali effectively stoES Isomerization of
the carotenoids; no further important spec-
tral change occurs upon standing.

A delay in extraction of the pigments after
the fruit tissue is blended can lead to ap-
preciable alteration in the spectrum. If the
sampllng method requires weighing an ali-

uot of blended tissue for pigment extraction,
the bIe.ndln? should be done in the presence
of sufficient alkali to maintain a pH above
7 if the pigments are desired in the isomeric
forms present in the original fruit.

No further isomerization of the pigments
of the type we are discussing occurs once
ttgﬁ carotenoids are extracted Into petroleum
ether.
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SUMMARY

The acid-catalyzed isomerization of pineapple fruit carotenoid #)i
to loss of integrity of the cells of t

enced by any condition IeadinP

ments is influ-
e fruit tissue.

The swollen lower half of fully ripe, yellow, translucent fruit often will contain an

appreciable fraction of isomerized pilqment. harvest handlir
lead to pigment isomerization in the damaged

that causes bruising of the tissue wil

areas.  Canning completely isomerizes the carotenoid
proportion of isomerized carotenoids; a

tains a high

Any post-harvest handling of the fruit

rpigments._ Frozen fruit con-
ter thawing, further change

takes place until the spectrum is that of the isomerized or “canned” type pigment.

The first paper in this series

strated_that pineapple fruit carg |

er(t;o isomerization when the tissue is dis-
rupted and the cell-vacuole acid comes, in
contact with _carotenmd-bearmq lastids.
This isomerization from epoxide To furanoid
forms can be measured sE,ectrophotometrl-
callv by determining the ratio of the absorb-
ances at 466 and 425 mA. ,

It was evident that bruising, freezing and
thawmg, canning, or even céll wall break-
down due to senescence could lead to this
carotenoid isomerization. Accordingly, vari-
ous of these factors associated with the
harvesting and processing of pineapples have
been studied for their influence on the carot-
enoid pigments of the fruit. While data
have been obtained only with pineapple, the
technique, should, be applicable to any acidic
fruit or tissue with a high proportion of ca-
rotenoid epoxides.

EXPERIMENTAL METHODS

Fruit of Hawaiian plnea[)ple, Ananas comosus
var. Cayenne, were used throughout. Where a
tissue homogenate was first prepared, it was Hen-
erally made by blending Iargie pieces of Tlesh
("trimmed free of adhering shell) with 1.5-3.0 ml

&1) demon-
enoids un-

aAg?roved by the Director as Technical Paper
Ho. 72 of the Pineapple Research Institute of
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of 10N NaOH per 100 g tissue. Some of the ex-
periments were run by blending the tissue with the
alkali in the presence of the extracting solvent.
The pigments were extracted by blending 25 g fruit
tissue with 50 ml of a 1.1 mixture of petroleum
ether (B.P. 60-110° C) and 95% ethanol. The
centrifuged supernatant was used for absorbance
measurements at 466 and 425 nifi in a Beckman
DU or DK-2 spectrophotometer.

The proportion of unisomerized pigment in the
mixture was calculated (1) from the ratio (R)
of these two absorbances:

% unisomerized = %ﬁ%o

RESULTS AND DISCUSSION

E ffect of Ripeness

When_the entire edible portion of a num-
ber of pineapple fruit varying in their ripe-
ness characteristics was ‘used for_pigment
anal¥3|s, the percentage of isomerized pig-
ment found did not exceed 10% regardless
of the degree of ¥e|lowne,ss of the Shell or
the translucence of the fruit flesh. However
In an experiment in which various parts of
the edible portion of sound fruit were ex-
amined, appreciable isomerization was noted
in the swollen mid-sections of very ripe
fruit. Two fully yellow and fully translucent
fruit showed 8-11% E|gment isomerization
in the top third, 18-24% in the middle third,
7-17% In the bottom third, and 6-9% in
the core. By contrast, two fully yellow but



54 CAROTENOID PIGMENTS OF PINEAPPLE FRUIT. II.
TABLE 1
M ean Percentage |Ilsomerization of Carotenoids in 25'Gram W edges Cut from V arious
Ripeness Quarter of fruit represented 1
Shell color Translucence Top 2nd 3rd Bottom
Completely yellow  Opaque 6(13 021 0(1
Semi-opaque 0(2 2(4 0(4 0(3
Intermediate 0(1 1(3 1(13 0(2
Semi-translucent 0(1 4( 4& 4(1
Translucent 3(3 IS (3 16(5 24(3
Mostly yellow; Opaque 2(1
some green near Semi-opaque 2(6) 0(1) 0(L
top [ntermediate 6(1
Semi-translucent 1(1 0(3)
Translucent 5(1 2(2 2(1)
Three-fourths Semi-opaque 14(1 2(2
yellow Semi-translucent 2(1)
Translucent 0 (2 core samples)
Half yellow Semi-opague 6 (1)

Intermediate

0(1)

1Values in parentheses are the number of determinations entering into the mean value for

isomerization.

semi-opaque fruit had only 1-3% isomeriza-
tion in the top two-thirds of the fruit.

_ These ?rehmmary indications that isomer-
ization of the carotenoids may occur with
certain stages of ripeness led to a more de-
tailed study. These data are summarized in
Table 1 They confirm earlier indications
that appreciable isomerization occurs only in
fuIIY ripe_and translucent fruit. The pine-
apple fruit ripens from the bottom fruitlets
upward, with several days’ difference in
reachlnﬁ ripeness between the bottom and
top. Thus it is not surprising to find that
the pigment isomers are found in the lower
For,nons but not in the top part of the ripe
ruit,

The data in Table 1 demonstrate that
when a fruit is allowed to become fully ripe,

TAB

Percentage Isomerization of Carotenoids in

by Dropping on T heir Sides Onto Co

ncrete and Allowed to Sit O

the lower portion tends to become overripe,
The result is a softening and breakdown of
the cell walls, allowing the fruit acids to
catalyze isomerization of the carotenoid pig-
Ments.

Effect of handling

The c_han%e in the spectrum of pineapple
carotenoids that occurs with cell disruption
suggested that isomerization might serve as
a measure of bruising or tissue damage from
Post-harv,es,t handlln? of the fruit. 1f one al-
ows sufficient time for isomerization within
the damaged tissue to be ,comPIete, the
extensiveness of bruising sufficient to cause
“IeakaPe” of the cells should be measurable.

Table 2 shows some data obtained in one
of the tests of the effectiveness of the per-

LE 2

V arious Parts of Pineapple ruise

verni

Per cent isomerized pigments

droggec. Bt Adggro Bemandy Qs
Translucent fruit . v, 3 3 5 10
65 4 8 10 8
9% 3 19 14 9
Semi-opaque fruit .. s R 29 1 3 5
65 4 5 1 3
65 37 1 7 2
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centage of isomerized pigment as a bruising
index. Isomerization was extensive within
the area trimmed out as showing brmsmg,
but was not appreciably higher In the a
joining tissue than in the unbruised oppo-
site side of the fruit. The amount of tissue
trimmed out as bruised was directly propor-
tional to the distance the fruit was dropped,
and greater for the more translucent fruit
than “for semi-opaque fruit. Thus the total
amount of isomerized pigment also increased
with severity of bruising. These and other
data confirm that the percentage of isomeri-
zation of the pigments can serve as a good
index of the severity of the conditions caus-
mgrbrmsmg. S ,
“There are conditions in the handlmﬁ of
pineapple fruit that lead to damaﬂe without
extensive Dbreakdown of the cells, Static
?ressure sufficient to flatten the fruit causes
ruit loss by tearing the flesh apart with
minimal cell’ wall disruption. Under these
circumstances, pigment isomerization would
not he expected to correlate with damage of
fruit in “handling. A semi-opaque fruit
crushed by a 30-I1t weight overmqht showed
no detectable isomerization; a translucent
fruit showed only a normal 8% carotenoid
isomers under similar conditions. Both fruit
were severely damaged, however.

Effect of Processing

In the first paper in_this series (1) data
were presented showing that carotenoid
Isomerization in tissue homogenates required

min at 100° C.. Canning obviously leads to
a shift to the isomerized form of the pine-
apple pigments. .

~ The isomerization observed with the heat-
ing of fruit homogenates is also evident in
canning of solid-pack items such as slices
or chunks. . _

Freezing and thawing also leads to tissue
breakdown. Pigment isomerization is greatly
slowed down iIn the frozen tissue, and thus
frozen pineapple chunks contain both forms
of the carotenoids. However, as shown in
Table 3, the major part of the pigment has
been isomerized even hefore thawing of the
frozen. chunks. While this does limit the
potentialities of using plﬁment Isomerization
as a thawing indicator, the pigment data did
show a variability in samples at the retail
level, indicating that some of the packages
had been mishandled either by being allowed
to thaw or by being stored too long.

The somewhat erratic data are probably
due to sampling, since only 25-% samples
were removed at each period. Somewnhat
different acidity levels in the frozen chunks
could account for the observed differences
in rTatgls ng Isomerization after thawing seen
in Table 3.
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ercentage somerizatai:: :): t::otce:(:indkssinFOlolr;\:,ei:(g:lilha:voiiegn i apple hun
Thawed and held at 24° C
Frozen 25 hr 35hr 5hr 2 hr
Samples from packer’s warehouse
A 8 9% 86
B 84 9% 9% 100 100
C 8 18 8 9 93
D 88 8l 83 86 100
Samples from grocer’s shelf
d gE 89 % % 9% 100
F 7 78 84 78
G 100 100 100 100 100
H 100 100 100 100 100
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SUM MARY

The pineapple stem is an excellent source of two acid phosphatases. Although
the enzymes are stable between pH 4.0 and 85 and are not readily surface-denatured,

yet the assa)(

values are not too reproducible. Micelle formation may account for the

erratic results. The enzyme shows optimum activity at pH 6.0 and requires no

metal cofactor. Certain metals, such as magnesium, stabilize the enzyme.

olybdate

and hydrogen peroxide are the most potent inhibitors. Dibasic phosphate is about
three times as potent an inhibitor as dibasic arsenate.

_ Although acid phosphatases probably occur
in all higher plants and fungi, on_I?/ a few
Blant tissues contain enou%h readily isola-
le phosphatases to make them convenient
sources of these enzymes. In addition to
the sources mentioned by Roche in his re-
view article (10), an excellent new source
is the juice obtained from the stems of the
pineapple plant (6). This juice is available
In a dried form as an acetone-precipitated
Powder_. It contains a mixture of proteases,
wo acid phosphatases, a diesterphosphatase
and a peroxidase. ,

We wish in this and succeeding papers
to describe some of the properties of the acid
phosphatases _in the protease preparation
stem' bromelain, certain techniques for the
partial purification of these phosphatases,
and possible applications of these enzymes
in the food industry.

MATERIALS AND METHODS

Enzyme Preparations

The plant tissue used as the source of enzyme
was the 4- to 6-¥ear-old stem of the pineapple plant.
After stripping the leaves and pressing the stems in
a roller mill press, the juice was clarified and the
acidity adjusted to pH 4.0-pH 43. In some experi-
ments this juice was used as the enzyme. In other

aPresented at the Twentieth Annual Meeting of
the Institute of Food Technologists, May 16, 1960.

1Present address: Georgetown University Medi-
cal Center, Washington 7,"D.C.

5%

experiments the colloids were partially purified by
precipitation. o .

In the fractionation work with either ammonium
sulfate or acetone, the least soluble fraction was
discarded. This contained iron and calcium as well
as a carbohydrate polymer and some protein. The
enzymatlc.actlvnY of this fraction was low. The
next fraction collected, that soluble in 40% satu-
rated ammonium sulfate or 45% v/v acetone but
insoluble in 60% saturated ammonium sulfate or
60% v/v acetone, contained most of the protease
activity and between one-half and two-thirds of the
total acid phosphatase activity. The last fraction
collected, the most soluble fraction, contained neg-
ligible protease activity. However, the specific
acid %hosphatase and peroxidase activities were
ve_rg igh, even though the weight yield of the
acid phosphatases was low. . _
~ The assays of some typical fractions are given
in Table 1

Assays

Three substrates were used, glycerophosphate
(52% alpha, 48% beta), phenylphosphate, and P
nitrophenylphosphate, 'n" routine assays  with
glycerophosphate, neither buffer nor activating ions
were used. To 25 ml of 0.04 M substrate addusted
to pH 6.0, 1 ml of enzyme solution was added. The
enzyme was incubated 1 hr at 25° C and the action
then stoEped by adding sulfuric acid. The liberated
phosphate was estimated by Sumner's method (L1).

Phenylphosphate, containing no added buffer, was
adjusted to have a pH of 6.0 and a substrate con-
centration of 0.01 M. Either the liberated phenol
was estimated from the blue color formed with
the Folin Ciocalteau rea%ent (5) or the liberated
phosphate was estimated by Sumner's method (11).
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TABLE 1
Acid Phosphatase and Protease Activities of Proteins Obtained from Pineapple Stems
. .

. Code Method of Preparation A/§h Phos'%ﬁ'ﬂasel ll\DlerCtelaJsez
§J.C. Stem juice, crude 23 194 ml'l 3H ml'
SJD. Stem juice, dialyzed 03 123 mu1 28 ml"
Ac-2D Soluble in 45% v/v acetone ;

insoluble in 60% ; dialyzed

two days 358 064 mg'l 38 mg"l
Ac-3D Soluble in 60% v/v acetone ;

insoluble in 80% : dialyzed

two days 0.9 026 mg“L neg
Am. Sul. 2D Soluble in 40% saturated

ammonium sulfate : insol.

in60%!. .Dlala/zed 046 mg-1 40 mg'l
Am. Sul. 3D Soluble in 60% saturated

ammonium sulfate ; insol.

. in80%. Dialyzed 235 mg-l 0.07mg'l

Commercial Commercial bromelain 230 0.082mg'l 30 mg-l

1Micromoles p-nitrophenol liberated per minute from a 0.015 M substrate at 37.5° C.
2Milk clotting units = 1/min to clot Sml of a 5% skimmiik solution of pH 53 at 37.5° C.

“p-Nitrophenylphosphate, made up in a 0.001 M
citrate buffer and adjusted to pH 6.0, was used
at a concentration of 0.015 M. In some experiments
ethylenediaminetetraacetate was also incorporated
in the substrate to give a final concentration of
001 M. The incubation temperature was 37.5° C
and the time of digestion %enerally_ 15 min or less.
This method is similar to that described in Fishman
and Davidson's review article (5). The amount of
nitrophenol liberated was estimated from the molar
extinction coefficient of 17,000 (2).

RESULTS AND DISCUSSION

Some Factors Affecting the Reliability
of Assays

Although. acid phosphatases as a class are
quite sensitive to relative minor changes in
assay procedures, the pineapple acid phos-
Fhatases appeared to be particularly sensi-
Ive, Increasing the length of the_incubation
period, chan%m _the concentration of en-
zZyme, over-shooting the desired pH value,
holding the enzyme at different tempera-
tures before assaying the enzyme frequently
affected the specific activity, “In an attempt
to identify and eliminate "these sources of
variation, we tested many of the_causes of
variation. reported by other investigators. .

Tsuboi and Hudson, in one of their series
of ﬂapers on the acid phosphatase from
erythrocytes (12). found that adding a non-
jonic surface-active material eliminated the
variation caused bv surface deénaturation.

In our tests we found no heneficial effect
from surface-active materials. At low en-
zyme concentrations surface-active agents
actually decreased the specific activity, ~
Although some enzymes require gither
monovalent cations or anjons for maximum
activity—for example, lysozyme requires
sodium ions_ (7). and salvary amylase re-
quires chloride “ions—pineapple acid phos-
phatase was not appreciably affected b
rather large variations in salt’ concentration.
At moderate salt concentrations (10-3—
10~4M) the specific activity was slightly
higher than at very low saltconcentrations.
Only when salt was added to the substrate
in large amounts (to give an 0.5 M solution)
did it inhibit some samples.
_The composition of the solution used to
dilute the enzyme had an appreciable effect
on the sF_ecmc activity of the enzyme. At
hl?h dilutions of the enzyme certain diluting
solutions gave a_preparation which had a
hl%h specitic _activity—for example, water,
ethylenediaminetetraacetate, or ethylenedi-
aminetetraacetate plus Triton X-100. Other
diluting solutions, citrate and citrate plus
Triton” X-100, did not give this increase

(Fﬁi 1) o

e results shown in Figure 1 can be
explained, on the assumption that dilution
and ions in the diluting solution affected the
size of micelles and the orientation of mole-
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o = Water
x = .0l M EDTA
= .0l M Citrate

o = 0Ol M Citrate
05% Triton X-100

.06 \ . PN

04

02

Micromoles p-Nitrophenol Liberated Per Minute Per Mg Enzyme

) 1 1 1 L 1 1
025 05 1.0 2.5 10

Mg of Enzyme per MI

rio. L Effect of different diIutir]g solutions on
the specific activity of plneaEpIe aci 8hosphatase.
(One other curve, 0L M EDTA +.05% Triton
X-100, was similar to the .01 M EDTA curve and
was not included.)

cules on the surface of the micelles. If this
assumption is correct, then very subtle varia-
tions in handling technique or 1n the changes

$

»
o
T

o
T

MILLIMOLES GLYGEROL PHOSPHATE HYDROLYZED PER HOUR PER ML STEM JUICE

1 1 L 1 L J
3 4 5 6 7 8 E)
pH OF O.IM GLYCEROL PHOSPHATE

Fig. 2. Effect of pH on the digestion or glycero-

phosphate by diluted stem juice. Curves of other
preparations” were similar.

in the ratio of ions would be expected to have
a large effect on the assayed activity.

Optimum pH for Digestion

Although stem colloids contain two acid
phosphatases of very dissimilar isoelectric
points (6), the pH-activity curves deter-
mined on" fourteen different preparations
were remarkably similar and were all falrl?;
symmetrical. Figure 2 illustrates one suc
curve. With glycerophosphate as the sub-
strate and an incubation period of one hour
at 25° C the average optimum pH was 6.02.
With p-nitrophenylphosphate "as the sub-
strate and a shorter incubation period at
37.5° C the average optimum pH was 593,
At this temperatute if the incubation period
was increased from 15 to 30 min, the opti-
mum pH dropped to 5.8. This decrease in
the optimum_pH is in agreement with the
greater _StabI|ItY of many of the enzyme
;%lr:e_pargglons held at pH 5.0 than at pH™ 6.0

ig. 4).

60 —
/To——o——ﬂg’/Jg
X

\X Acid Phosphatase
—_— e

50 - a

40 /
X
30 H

o

10
‘ Mg Protein Per MI

—0
L S Y T R
o 2 4 6 8 10 12 14

Fig. 3. Effect of dialysis in a mechanical dialyzer
at 47 C against twice-daily changes of buffer. Pro-
tease valles are expressed as milk clotting units
per m% protein x 20, protein as mg_{)er mix1: an
aciq phosphatase as micromoles, p-ni 5E%)henol liber-
ated per minutes per mg protein x 500.

In addition to the pH 59 peak, some
preparations showed a small shoulder at
8H 6.2 and a suggestion of activity at pH
5. (Compare & similar alkaline "peak  in
curve A, Fig. 5)
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Fiﬁ' 4. Effect of holding phosphatase samples for
two hours at different pH values before readjusting
to pH 6 and assaying with glycerophosphate as the
substrate. (A "x—x dialyzed " stem colloids;
B 0o—o commercial grade bromelain; C
stem juice).

E ffect of Dialysis on Activity

Normally a phosphatase requmnP a metal
as an essential cofactor can be at feast par-
tially inactivated by dialysis or by adding a
metal-chelating aqe,nt. ‘However, since_pine-
apple colloids™ retain ions very tenaciously
(see, for example, Chittenden’s work [3]),
such simple tests cannot be used to furnish

38[‘
36 | X B 4

//
34} / /

32

A e——e ASSAYED ON FIRST DAY |

Bx—=X  w « SECOND «

« THIRD « |

/ Go—o

MICROMOLES p-NITROPHENOL LIBERATED PER MIN. PER Mg ENZYME

Fig. 5. The change in acid phosphatase activit
with time of samples adjusted to pH 6 from the p
values shown on the abscissa. (Two hours of ad-
usting were required to get the pH values shown.

hey were held at these pH values two additional

hours.)

an unequivocal answer regarding the role
of divalent cations. ,

To increase the likelihood of removin
all bound ions, we used the technique 0
Bor_ou?hs (1) and dialyzed our preparations
agams ethylenediaminetetraacetate solutions
adjusted to low pH values or a%amst acid
salt solution. In’ the experiment recorded
in Figure 3 dialysis of stem juice for 13 days
in a mechanica dmlgzer against twice-daily
changes of pH 5.0, .001 M eth?/Ienedlamme-
tetraacetate solutions did not reduce the
specific activity appreciably, With the vol-
umes of solute and. dialyzing water used
each })enod of dialysis should have removed
99.7% of all the dialyzable ions.

_In another experiment samples of stem
juice were dlalélzed against acidified water
or acidified 0.1% sodjum chloride solution.
The latter, which would be expected to have
the ?reater replacement of ions, showed the
most activity.

_These and other dialysis experiments in-
dicate that the acid phosphatases which we
were measuring probably did not require a
metal ion as & cofactor; The experiments
reported in the next sections further support
this conclusion.

E ffect of Cations on Activity

In general alkaline and diesterphosphatases
requite divalent cations as essential cofactors
whereas most aC|d,Fhosphatases do not (10).
However, even with acid phosphatases cer-
tain ions may stabilize the enzr_me,and thus
cause what appears to be activation. For
example, Cohen, Bier and_Nord (4) found
that cobalt and zinc stabilized both wheat
germ acid phosphatase and chicken liver
alkaline phosphatase. These metals were not
cofactors for the acid phosphatase.

Plant phosphatases.differ greatly in their
response to different ions. Potato acid phos-
phatase, according to Naganna et al %8), was
not inhibited bg,Zx 10-3M cobalt but was
completely inhibited by the same concentra-
tions of Cooper or zinc. Wheat leaf phos-
phatase, accordm% to Roberts (9), was not
Inhihited b¥,2x 02M zinc, copper, cobalt
or nickel. Pineapple stem phosphatases ap-
Pea_r to be similar to potato phosphatase in
heir reactions to inhibiting metals.
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Magnesium, the most general activator of
the alkaline Rhosh)hatases, “activated” cer-
tain of our phosphatases under certain con-
ditions. For example magnesium chloride
at 001 M caused the largest activation
(142%) of sample Ac-3D. Manganese, chlo-
ride at .01 M was the next hest activator
(22.5%). By contrast neither these cations
nor nickel, cobalt or zinc activated sample
Ac-2D (Table 2).

TABLE 2

E ffect of Cations A dded to Glycerophosphate
Substrate at pH 6.0 on the Phosphatase
A ctivity of Two Fractionated Samples

Incubated at 25° C for One H our

Cation Concentration for 50% Activity

Salt Enzyme Ac-2D Enzyme Ac-3D
MgCh 0.13 M (activated).
MnCh 0.007 Slight Activation
NiCl, 0.002 004 M
CoCl, 0.002
ZnCuU 0.0003 002

On enzyme Ac-3D MgCl, at .00L M activated
142%. MnCk at .01 M activated 22.5% and CoCU
caused 30% inhibition at all concentrations tested.

Anather comparison was_made of the ef-
fect of different cations at 55° C and 38° C
on the acid phosphatase activity of acid-di-
alyzed stem juice. At 103M  magnesium
chloride “activated” 90% at 55° C but had
no effect at 38° C. At 10~4M copPer chlo-
ride “activated” 33% at 55° C but had no
activating effect at 38° C (Table 3).

In still another experiment an attempt was
made to "flush out™ all adsorbed cations ,b%/
dialyzing stem juice for a few days wit
twice-daily changes against weak acid épH
35 and pH 4.5) or against 0.1% sodium
chloride solutions at pH 3.5 andeH 45, The
most active sample was that dialyzed against
0.1% sodium chloride adjusted to/p 45,
Magnesium chloride causéd only 10% activa-
tion"of this sample at 5x 10~3 M.

In SPIte of our finding that some samples
were strongly “activated” by magnesium we
do not beliéve that magnesium is an essential
cofactor. The rather “extensive and drastic
dialysis experiments showed that no djalyza-
ble factor could be removed. Instead of bemg
an activator we believe that magnesium, an

to a lesser extent some of the other ions,
functioned as stabilizers.

Those samples which were strongli/] “acti-
vated” by cations were those which were
unstable.” For example, Fre_hmmary experi-
ments showed that the activity of sample Ac-
3D decreased more rapidly during the time
required to set up the experiment, than that
of Ac-2D. Therefore the sample was made
up in ice water and left in ice water until it
was used. Similarly the other experiment
in which dramatic activation was shown was
the temperature comparison experiment. The
activity at 55° C was_conservatively esti-
mated to be less than 60% of what it “should
have been if the enzyme had been stable.
‘The exact mechanism of stabilization is
still unknown. If the cations affected the size
and shape of the micelles, then the differences
between divalent cations should have been
small. A direct or indirect effect on an en-
zyme which can_destroy acid phosphatase is
another possibility. S
_The effect of other cations will be men-
tioned only briefly. Cobalt was a strong in-
hibitor of dialyzed juice at 55° C but not
at 38° C. On the most soluble fractionated
phosphatase, sample 3AcD, cobalt inhibited
only’ 30% at all concentrations tested,
whereas on_the less soluble phosphatase,
sample 2AcD, it gave a normal inhibition
curve. Nickel gave a normal inhibition
curve with an 130of 2.4 x 10~3M. Manganese
inhibited only one sample, sample Ac-2D.
Otherwise, I had little effect on_ the acid
phosphatase activity. Iron and tin caused
no inhibition. Copper was a fairly strong
inhibitor. Flowever, of all the cations teste
zinc was the most powerful inhibitor.

Effect of Anions on Activity

In his review article (10) Roche mentions
that molybdate, fluoride, and oxalate were all
strong inhibitors of Class 11 phosphomono-
esterases, Naganna ct al (8) found that 1 X
103M fluorine and 2 X 10~uM molybdate
gave over 75% inhibition of potato acid
phosphatase.

Not many of the anions which we tested
were marked inhibitors of pineapple acid
phosphate.  However, molybdate, was a
strong, and fluoride a moderate, inhibitor.
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The amount of inhibition was similar to that
reported b NaFanna. ‘Bisulfite, cysteine,
cyanide and oxafate inhibited only at rela-
tively high concentrations (Table 4).

TABLE 3

Effect of Cations on the Acid Phosphatase
Activity of Stem Juice Dialyzed Against 01 M
EB/TA at pH 48 and 'Fhen Against
istilled Water

Cation Concentration for 50% Activity
¥C 5%°C

Salt

Cod» 00063
CuCh 00068 0013
ZnCh 0025 00020

~ MnCb, M?CB, Cad», ZnCl» and FeSoi had no
inhibiting effect at either 38° C or 55° C. MgCh
“activated” 90% at 55° C but not at 38° C.

TABLE 4

Effect of Anions on the Acid Phosphatase
Activity of Stem Juice

Salt oV
EDTA _ Activated
Sodium Sulfhydride 0.17
Aurin tricarboxylate 0.18
Sodium oxalate 0.056
Sodium cyanide 0.040
Sodium bisulfite 0.025
Sodium fluoride 0.004
Ammonium molybdate 0.00005

E»= Anion concentration for 50% activity.

The effect of phosphorous and arsenic
compounds on pineapple phosphatase was
interesting (Table 5?. Orthophosphate, a
material which should act as_a competitive
inhibitor, inhibited only at high concentra-
tions aso = 0.03M). Certamlx In the normal
assay procedures, at pH 6.0 the effect of the

TABLE 5

Effect of Phosphorus and Arsenic Compounds
Added to p-nitroBhenyIphosphate Substrate
on the Acid Phosphatase Activity of
Precipitated Acid Phosphatase

Sodium Phosphate 0.03L M
Sodium Pyrophosphate 0.78.
Sodium Hypophosphate X0 inhibition
Sodium Metaphosphate No inhibition
Sodium Arsenite >1 M
Sodium Arsenate 0.0014

liberated phosphate on the rate can be dis-
regarded.  Arsenate, on the other hand, was
a moderately active inhibitor, However, since
at pH 6.0 orthophosphate_is about 93% in
the monobasic form and 7% in the dibasic
form, whereas by contrast, arsenate at this
PH exists principally in the dibasic form, the
wo materials should be compared at similar
concentrations of dibasic ions. When this is
done, phosphate is a more potent inhibitor
than arsenate Z(for As04&1% 8.0x 1(HM;
for HPO 4125 x 1(T4M).

Effect of Sulfhydryl and Disulfide

Reagents

Although some types of phosphatases have
been reported to” require free sulfhydryl
groups (L0), none of the pineapple " acid
Phosphatases belong to this class. None of
he typical sulfhydryl aqents, tested, such as
menadione, N-methyImaleimide or p-chloro-
mercuribenzoate caused inhibition.  Instead
almost all caused a small but consistent in-
crease in activity, especially at low concentra-
tions. Arsenite, a specific reagent for dithiols,
caused no marked inhibition. Diisopropvl-
fluorophosphate caused no inhibition.

Reagents which can reduce disulfide bonds
were inhibitory. Thus even cysteine was
inhibitory (1r0—.05M). Bisulfite, a better
disulfide-reducing agent, had an % of .025
M. On_the other hand, sulfide ion was not a
potent inhibitor. .

Hydrogen peroxide, which, can of course
affect many other groups in addition to
sulfhydryl, %roups or disulfide groups, was
_strongI%( inhibitory (1590—.0005 M), It is
!nteres_m,? that low concentrations of perox-
ide inhibited, :he acid phosphatase but not the
protease activity.

Effect of pH on Activity and Stability

Attempts to run standard pH stability
curves gave a variety of differently shaped
curves. “All curves showed one peak of maxi-
mum_stability between pH 4.5 and 55 (Figs.
4,°5). In ‘addition many also showed a
second peak of maximum stability on the
alkaline side. Since repeated experiments
failed to give a consistent set of curves, it
was apparent that the adjustment of the pH
was affecting some unknown factor or factors
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more strongly than it was affecting the sta-
bility of the'acid phosphatase.

We have evidence that two other factors
were affecting the results of our pH stability
experiments. " One of those was an oxidasg
or a peroxidase which permanentIY Inacti-
vated the acid phosphatase. The other was
micelle formation. ‘In most of the experi-
ments we believe that micelle formation was
theI principal factor affecting the assay
values.

Since the micelles, when once formed, are
extraordmarll)(, well buffered and are slow
to reach equilibrium with ions in solution,
adjustment of the pH was difficult and tedi-
ous. For example, in one experiment 2 hr
after a 1% enzyme solution "had heen ad-
j7usted topH 9, 8and 7 the pH drifted to pH

2, 1.1and 6.9. Part of the lack of consistent
curves could cer,talnlfy]/ be attributable to the
difficulty of getting the pH adjusted.

BY spending 2 hr adjusting the pH values
until no further drifting occurred and then
holqu for an additional 2 hr at these pH
values the very interesting sequence of curves
shown in Figure 5 was obtained. These
ch_anﬂes can De explained on the basis of
micelle formation. Since all solutions were
readjusted to pH 6.0 before assaying (an
operation which was easy to perform in con-
trast to the trouble in making the original
adjustments) all solutions would contain
micelles whose comﬁosmon would reflect the
pH at which they had been held before ad-
justment, The initial micelle formed would
represent a micelle which had not reached
its most stable form. In fact af the pH ex-
tremes there is a strong possibility that free
enzyme molecules still” existed in solution.
On’longer holding the molecules in the mi-
celle would rearrange to give a more stable
structure.  Some Of these rearran%ements
mlght have exposed more enzyme sites than
had been originally present.

By illustrating the extreme importance of
previous treatment on _actlwt%, a phenome-
non which we believe is attributable to mi-
celle formation, these pH-stability experi-
ments may be of more value than if they

had given unequivocal answers to the ef-
fect of pH on stability. This phenomenon
may be restricted to Certain plant enzymes
or 1t may be of more general occurrence. It
is certainly a factor which must be considered
in any isolation work, inhibition study or
Kinetic study.
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SUMMARY

Quantitative examinations have heen made of the chan

es that occur in honey

while stored at room temperature. Though honey is a rela?wely stable commodity,
it has been found to change in composition and biochemical activity even when
stored at 26+3°C. During two years of such storage about 9% of the monosac-
charides are converted per year into more complex disaccharides and higher sugars.
The_ratio of fructose to glucose increases markedly as the free glucose content

declines more rapidl_¥
such chan%es. Signi

“than the free fructose content. " All samples examined showed
icant increases- were noted in acidity during storage, but some

samples showed no change. Evidence for the enzymi¢ nature of the change is
iven. Diastase values of unheated honey decline in storage at room temperature
%23-28° C), with diastase showing a half-life of 17 months under these conditions

of stora?_e. Cool or cold storage and ex
ion of diastase in honey for expor

preserva

Honey is considered to be a relatively
stable foodstuff, with onIY minor changes in
flavor and color taking i)ace during several
years storage. It is well-known that ProP-
erly ripened honey is not susceptible 1o
spoilage by microorganisms, with the excei)-
tion of osmophyllic’ yeasts, and then only
above moisture contents of 17% (9). Gran-
ulation of honey does increase the possibility
of such spoilage since it results in an increase
in the moisture content of the liquid por-
tion. A comprehensive study of the effect
of storage af elevated temperature and. of
heat processing on the color of honey has
been described by Milum (12).

. Both physical” and chemical actions are
involved in transformation of nectar into
honey, with the activity of enzymes being
most” prominent.  Since these, enzymes re-
main In the honey, their action may con-
tinue at a declining rate. The Iongi-noted (3)
decrease in the sucrose content of honey
after extraction has been ascribed to a
continuing action of the invertase added b?]/
the bee. “Sucrose content does not reac

*Eastern Utilization Research and Development
Division, Agricultural Research Service, United
States Department of Agriculture.
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?

editious handling are recommended for
to Europe.

e, however,

zero after several years of stora(r; |
contain an

even though a honey may stil
active invertase.

It was recently shown (22) that honey
contains a transglucosylase which produces
several oligosaccharides, including maltose
and isomaltose, from sucrose. Austin pointed
out (2?1 that because of this enzymic ac-
tivity the “maltose” }actually reducing di-
saccharide) content of a honey will depend
to some degree on methods of apiary man-
a?ement, storage temperature, and density
of honey, He did not predict the effect of
s}o%age in general on the maltose content
of honey.

De B%)/er (15) examined a number of yearly
honey samples stored for up to 22 years,
nearly all were white clover and all’ were
stored in the unheated state. He pointed out
that the same changes in composition that
take place on heatm? of honey also. occur
in storage. He concluded that” polarization
IS unchanged and the change in sucrose con-
tent negligible, |mpIY|ng no changes in the
sugars.” The amounts of glucose and fruc-
tose and their ratio remdined unchanqed;
no relative increase was noted in fructose
content, contrary to previous reports (1).
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Diastase was found to decrease with age,
3 Gothe “steps” in 10 years. The acidity
was unchan?ed, but the Fiehe test for hy-
droxymethyTfurfural (HMF)_ became posi-
tive and after, 10 years HMF could be de-
termined gravimetricallv.

Armbruster, quoted by deBoer (5), re-
ported that aging of as ittle as 2y2 months
sometimes caUses a noticeable decrease of
diastatic activity, while other types of honey
show no loss after 2-5 monthis. After 2y
years a considerable decrease was found in
one type of honey.

The recent introduction of a more com-
prehensive method of carbohydrate analysis
of honey (20, 23) has made it possiblé to
learn more about the carbohydrate make-up
of honey. Whereas older procedures re-
ported only glucose, fructose, sucrose and
dextrin, the newer procedure allows deter-
mination of reducing disaccharides, which
in itself provides more accurate values for
%lucose and fructose. Better values for

igher sugars (“dextrin”) also_ result be-
cause reducing sugar contamination of dex-
trins, common to older precipitation pro-
cedures, is eliminated. ,

During an_ extensive analytical survey of
the composition of American honey by the
newer methods, we have re-examined the
effects of storage on the composition of
honey. We have studied the effect of room-
temperature storage of up to 3 years on
unheated and mildly heated honey, deter-
mining changes in glucose, fructose, reduc-
ing disaccharides, Sucrose, higher sugars,
diastase, free amdltz, lactone and total acid-
ity. Slqulcant changes were found for
néarly all of these constituents, contrary to
previous beliefs.

MATERIALS AND METHODS

Honey samples used in this work were some of
those collected from Rroduc_ers for the analytical
survey noted above; they will be described in de-
tail when the results of the survey are published.
In _gene[al, unheated samples were recelved, and
divided into 3 portions. One was stored at about
—20° C within one day of recelt)t, a second heated
in a closed jar in a water bath at 55° C for 30
min and cooled (essential ﬁasteurlz.atlon without
enzyme inactivation), and the remainder left un-
heated. The latter two portions were stored in
the dark at room temperature (23-28° C). Sam-

ples from frozen storage were allowed to reach
room temperature overnight before analysis.

Analyses of corresponding samples of a set
were carried out on the same day; sets were
selected at random.

Carbohydrate Analysis

Where necessary, samples were liquefied by the
new AOAC procedure _FZO). Carbohydrates “were
determined by the selective adsorption method (20).
Moisture was determined by refractive index usmq
the Chataway table (11)." Results for each se
were calculated to the moisture content of the
sample kept in cold storage.

Acids

lactone, and total acidity were de-
termined by ‘a recenti?]/ developed method (24).
All samples were unheated: aliquots stored at
room temperature and —20° C were analyzed; the
cold-storage samples in duplicate and others in
triplicate.

Free acidity,

Diastase

The method of Schade, Marsh and Eckert (14
slightly modified as adopted by the AOAC (20
was used. Samples which were granulated were
made as homogeneous as possible bg stirring be-
fore sampling; no heat was used. Samples upon
which carbohydrates and diastase were determined
were all liquid and did not require heating before
carbohydrate analysis.

RESULTS AND DISCUSSION
Carbohydrates

Table 1 shows the values obtained for
each tyEe of storage for 5 honey samples,
each set calculated” to the moisture content
shown for the cold-storage sample. The
moisture values in parentheses are those
actually found for the samples. The column
under ""age” gives the number of months
of storage for the samples after receipt at
the_laboratory. .
_ The data in Table 1 were analyzed statis-
tically by the analysis of variancé. Each set
of 15 values for each sugar was examined
and the variability due to Sample and storaﬁe
was calculated and tested statistically. The
variance and F values are shown in Table 3.
The differences due to storacl;e are shown in
all_cases to be significant at the 1% prob-
apility level, exceﬂt for the unanalyzed por-
tion, ‘where the change is significant at the
5% probability level.
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TABLE 1
E ffect of Storage OX H oney Sugars 1
01F 66 ®E  BE 4R 0% 18 40 D
91H 517.5}3 3507 29.82 8.94 0.93 146 518 20
91R 16.6 34.85 2044 9.22 0.89 145 5.55 2
258F 208 359 2.3 543 0.28 1 3.62 2
258H Elg.og 3.9 21.88 9.59 0.85 167 5.26 2
258R 19.3 3384 2181 10.18 0.92 203 442 2
94F 174 3.2 31.29 1.54 0.73 123 359 2
94H 516.23 36.39 2854 11.02 0.87 136 442 2
94R 16.6 36.23 28.55 1051 0.90 146 4.9 2
96F 17.7 36.46 29.85 7.64 0.78 L 5.79 23
96H 516.03 3419 25.39 1313 0.85 191 6.93 23
%R 142 34.49 2524 1305 0.99 2.05 6.48 23
98F 185 37.98 3102 6.83 0.44 184 339 23
98H 17.0 36.10 28.02 10.95 10C 182 361 23
9%R 16.8 3513 26.71 1147 116 193 450 23
AVF 188 36.89 3167 6.47 0.56 157 4.26
AvH 35.14 21.93 10.73 0.90 164 5.08
AVR 35.03 21.55 10.89 0.97 178 5.18
Change in
Heated Honey -1.75 -3.74 +4.26 +.34 +.07 -.82
Change in
Raw Honey -1.86 -4.12 +4.42 +.a1 +.21 -92
% Change in
Raw Honey 5.0% 130%  68%  73% 134%  22.2%

1Each set of values calculated to the moisture content of corresponding cold-storage sample.
2The letter following sample number identifies treatment as follows: F = unheated, cold

storage ; H = heated, room-temperature storage : R = unheated, room-temperature storage.
3Moisture values in parentheses are actual values found for the samples.

“100— (sugars plus water).

The mean square resulting from storage
conditions was further subdivided and that
of frozen samples was compared with that
of the two room-temperature storage con-
ditions. The two room-temperature storage
sets (heated and unheated) were also com-
pared with each other. A sample calculation
IS shown in Table 2, and Table 3 %IVGS
a summary of the mean squares and the F
values obfained therefrom, for each sugar.

It can be seen from the table that “the
differences between the frozen samples and
those stored at room temperature are _s!?-
nificant for all sugars at the 1% probability
level. It is also apparent that the differences
between the average values in Table 1 for
the unheated and heated samples, both stored

at room temperature are, in all cases not sig-
nificant, except for the hlﬁher sugar values,
\ll\lhllch are significant at the 5% probability
evel.

_ It may lie concluded that when raw honey
is stored for two years at tem?eratu_res
ranging between 23-28° C, the Tollowing
changes take place in the carbohydrate com-
position : ,

1 A decrease of free Tglucose (averaging
13%) and a decrease of free fructose (aver-
aging 5.5%); an_average of 18.5% of the
free "monosaccharide content of the honey
is thus lost.

2. A marked increase of “maltose” or re-
ducing disaccharide sugars, averaging 69%
of the amount initially present.
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TABLE 2

Glucose
Analysis of Variance

Source of Variability $.5.  DF. MS. F

Total 7200 U

Storage 5179 2 2589 1001
FVSRT&H 5143 1 5143 1981
RT vs H 036 1 0.36 1.39

Samples 814 4 7.03 21.21

Error 201 8 0.26

1Exceeds .01 probability level.

3. A relatively large increase in sucrose

content. , , ,

4. A small (13%) increase in the higher
sugar content of the hone)-, and

. An increase averaging 22%, in the
amount of unanalyzed “material (100 —
sugars + water).”

he heat treatment 8|ven these samples—
55° C (130° F) for 30 min—had no_effect
on these changes, with the possible effect of
reducing the extent of increase, of the higher
sugar values. The changes in the stored
samples are in the direcCtion of increased
complexity of sugars. This might be ex-
pected from a consideration of the conditions
within the sample. A hlﬁh sug_ar concen-
tration and a considerable acidity over a
period of time would promote combination
of monosacharides (reversion, [13]). The
presence of an active transglucosylase en-
zyme (22) in the honey may also” result in

COMPOSITION OF HONEY. VI.

accumulation of oligosaccharide material;
the heat treatment used was not sufficient to
inactivate enzymes. Possible exFIanatlons
for the changes observed are as follows:

(a) Fructose. This sugar is subject to
degradation to hydroxymethylfurfural by
long standing in acid solution. Conversion
to non-reducing fructose anhydrides is also
possible.  Fructose-containing oligosaccha-
rides may result from enzyme transfer of
glucose to a fructose acceptor. _

(b) Glucose. Twice as much glucose dis-
appeared as fructose. This may reflect the
specificity of the enzyme transferring glu-
cose from olltt;osaccharldes (honey invertase,
a glucoinverfase).

(c). “Maltose.” This actua_ll){ represents
reducing . disaccharide material, mcIudmg
maltose, isomaltose, maltulose, turanose an
nigerose (21). All of these Sugars are hy-
drolyzed by honey a-glucosidase (18). The
incréase in this category. of sugars accounts
for most of the decrease’ in monosaccharides.

(d) Sucrose. Post-harvest ripening has
long been known to take place in unheated
honey (3%., Sucrose is at or reaches a low
valué within a few months of removal of
honey from the hive, but never disappears
completely, despite (or P_roba,bly because of)
the ‘presénce of an active invertase. The
data here show a later stage of sucrose
change, where the amount present increases
from™a low value to approach 1%. Mold

TABLE 3
Significances of Changes in Honey Composition Due to Storage
Levulose Dextrose Maltose
Vo DF.  MS. F MS. F MS. F
Samples 4 3.18 31.8* 7.03 21.02 511 22.02
Storage 2 5.46 5463 259 99.62 313 1202
FVSR&H 1 1090 1092 14 1981 62.6 2412
RvsH 1 03 0 36 14 06 2
Error 8 10 26 26
Sucrose Higher Sugars Unanalyzed
Variability D.F. M.S. F M.S. F M.S. F
Samples 4 0.018 0.86 0.217 36.22 3.03 17.82
Storage 2 240 11.42 061 1022 13 7.8X
FvSR&H I 466 22.22 073 12.22 2.63 1552
RvsH I 013 62 049 8.21 02 1
Error 8 021 006 17

1Exceeds 5% probahility level.
2Exceeds 1% probability level.
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enzymes have been shown to synthesize
sucrose by transfructosylation during their
action on sucrose (7). , -
(e) Higher sugars, The increase in this
fraction is further evidence of reversion and
transglucosylation, . .
?f) Unanalyzed. From the point of view
of the carbohydrates, this category can con-
tain difructose anhydrides, non-réducing_di-
saccharides (exceEt sucrose), and kojibi-
ose, a Vvery weakly-reducing disaccharide
(2-0-a-D-glucosyl-D-glucose) ~ recently dis-
covered in honey by Watanabe and Aso
(16). This sugar will not be determined
in the analytical procedure used, since it has
but about™ 6% of the reducing power of
glucose against copper reagenfs. The in-

crease in unanalyzed material ma?é repre-
sent an increase 1n the amount of Kojiblose
t%and possibly trehalose) in honey. Both of

ese compounds_ have been isolated from
hydrol, where it is believed that they arose
by reversion from glucose (15). _

It is of interest t0 examine an analysis of
a 36,-)ﬁear-old sample_of honey and compare
|tI with a corresponding contemporary sam-
ple. :

Table 4 shows such a comparison. The
1923 sample biis an alsike clover-white clover
honey produced at Delphos, Ohio; it had
never been opened and was stored in a dark
cupboard and was liquid except for a few
coarse crystals at the bottom. " Also shown
in the table is a similar sample from the
1957 crop. It is alsike and white clover,

bDonated by C. A. Reese, Department of Ento-
mology, Ohio” State University.

TABLE 4
Effect of Age on a Clover Honey

Difference
197 Crop 1923 Crop % of 1%7
Moisture 182 (18.25)1
Fructose 38.25 35.0 -3.20 -8.3
Glucose 3358 2312 -10.29  -30.6
Maltose 550 1641 +1091 +198
Sucrose 168 104 -64 -382
Higher Sugars 0.82 206 +124 +151
Undetermined 2.0 41 +21  +105

1Moisture content of the 1923 sample was 17.6% ;
data are calculated to the 18.2% shown by the 1957
sample to facilitate comparison.

prroduced at Columbia City, Indiana, by
. A Ott. Data were calculated to the same
moisture content to facilitate comparison,
The differences shown in the table are all
similar to those in Table 1 in trend, except
that the 1957 sucrose value is higher though
the value for the aged sample Eethbrlum.)
IS close to the averaﬁe of the 2-year-old
samples. In general the changes in mono-
saccharide and “maltose” shown o,ccurrmq
after 26 years of stora?e are similar, bu
larger than those found for the two-year-old
samples in Table L

Analyses of honey samples after extended
storage” have beenpreviously reported by
de Boer (5) and Auerbach and Bodlander
(1). The analytical methods de Boer used
would not detéct the differences in carbo-
hydrate composition. shown here. He did
not confirm the earlier conclusion of Auer-
bach and Bodlander that the ratio of fructose
to glucose increased after storage of honey.
Augrbach and Bodlander reported the analy-
sis of 13 fourteen-year-old honey samples.
Their fructose-glucose ratio ranged from
1.19 to 1.81, averaging 1.40; 10 fresh honey
samples ranged from 1.06 to 1.19, averaging
1.11. These values have only relative mean-
ing, since the analytical methods used gave
no differentiation "between monosaccharide
and disaccharide.

The results in Tables 1and 4 substantiate
the views of Auerbach and Bodlander that
the amount of free %lucose decreases on stor-
age and that the ratio of fructose to glucose
increases. They ascribed this to possible
enzymic condensation of glucose, which we
also believe contributes.

The chan%es described in the sugar dis-
tripution of honey have some practical impli-
cations. With the"tendency toward increasing
complexity, there may be a corresponding
loss of ndtritive value; some of the disac-
charides and higher sugars may not be di-
gestible. _

The considerable decrease in glucose con-
tent is probably responsible for the gradual
liquefaction that is often noted in granulated
honeﬁ samples as they stand in storage,
which was mentioned by de Boer. If the
glucose content of a granulated honey is
near the lower limit "of granulation,” the
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TABLE §
E ffect of Storage ox Acidity of Honey
Free Acid Lactone Total Acidity
Sample F1l R2 F R F R
Ik Ik Ik Ik meq/k meq/kg

g sl ol "9 ¥ WY N
258 2056 24,06 6.45 .13 27.00 31.80
92 19.85 21.66 490 5.32 24.35 26.98
94 15.04 15.78 2.55 2.62 1759 18.40
9% 22.28 2390 6.17 9.21 28.45 311
107 213 24,88 2.20 2.18 25.93 21.04
97 2082 20.13 7.00 8.08 21.82 2821
108 22.88 24.29 190 42 24.78 28.46
109 25.24 26.45 583 1.68 31,05 34.13
9% 25,62 26.63 8.33 10.39 33.85 37.02

XE = Stored at —20° C; samples 91-96 and 258, 21 months, others 24 months.

2R = Stored at room temperature same times as above.

changes in a year or so will reduce the glu-
cose well helow the saturation point so that
the crystals will slowly dissolve.

Acids

Table 5 shows the free acidity, lactone
content and total acidity of ten samples
stored under the conditions described above.
None of the samples showed visible evidence
of fermentation. In Table 6 is given the
analysis of variance for the free acidity, lac-
tone’ and_ total acidity values. The average
changes .in each of these categories are seen
to be hlghlg significant. 1t "has been pro-
posed (4, 19, 2,4% that an enzyme producing
acidity ‘occurs in honey. If this is the case,
honey samples shome high diastase num-
0 shiow a correspond-

ression between the two sets of values.
his is not meant to imply that the amylase
enzy(_me system is responsible for acid “pro-
duction, but_rather that the factors affecting
amylase activity also influence the activity
of the acid-producing enzyme.

Diastase

The amylase_content of honey has lon
been used” by Europeans as a measure 0
the heat treatment to which a honey has
been exposed. The voluminous literature
will not_be reviewed here (10%. Recently
(6, 8) it has_been proposed that diastase
content alone is not a suitable criterion for
the detection of overheated honey.

There appears to be relatively”little infor-

ber might be expected mation in the literature on the effect of
ingly Righ rate of acid production. Table 7 storage of honey on Its diastase content.
shows these values for 10 honey samples. De Boer (52, using the Gothe procedure,
Also shown in the table is an_analysis of reported that diastase decreased gradually
variance for regression. The F value ob- with age of honey, about 3 Gothe “steps”
tained, 115, shows a highly significant re- in 10 years. Schade, Marsh and Eckert (14),
TABLE 6
Analysis of Variance
Free Acidity Lactone Total Acidit

VB 0r ss Ms F s ss MS F S ss oms o E s
T0tale C19 76 1750 5826
Materials...... 9 1906 2117 3101 1592 1769 3111 5239 582 35.91
Storage ... 1 109 1093 16.01 107 1068 1881 M1 M1 2721
0] A 9 614 068 083 51l 057 075 146 16 L2

1Exceeds .01 probability level.
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TABLE 7

Regression of Acid Production by Honey on
Diastase Number

Sample Diastase No chl?irllg/eﬁng\%aalr
91 38.0 3.16
258 353 2.74
92 33 150
94 191 0.46
9% 218 2.66
107 185 059
97 8.0 0.18
108 20.0 1.84
109 107 159
9% 207 1.58
Analysis of Variance for Regression
Source §S. DF MS. F
Total . 92728 9
Linear Regression 54699 1 547 1151
Deviations 38029 8§ 415

1Significant at .01 probability level.

usln? their improved procedure, reported
diastase values for honey samples before
and_after storage for J L.to 15 months
at 20° C. Theyd reported ‘mat the diastase

activity had_ “decreased slightly but not

ected their data (the 7 samples in their
able 3) to the analysis of variance, and
the changes were found 5|&1n|f|cant at the
1% probability level éF = 11.7). Their data
showed an average decrease for 7 samples
of 10.1% in diastase number for the apgroxr
mately 14 months storage at 20° C, or 0.72%
per month.

We have determined diastase number for
aliquots of 20 samples of honey after storage
times of 4 to 21 months at —20° C and also
at Iaborator¥ room temperature. Samples
were from the 1956 and 1957 crops and
were, frozen on receipt at the laboratory at
varying times (I% to 14 months) after their
extracfion. Full data on samples will be
included in a later publication.

The data given in Table 8 show the effect
on diastase "number of room temperature,
dark storage for va,ryln(t; times, based on the
reasonable assumption that no change takes
E)Iace on samples stored at —20° C. This
able shows an average loss of diastase value
for hone¥ stored unheated at temperatures
ranging from about 23° to 28° C of 2.95%
per'month, which is equivalent to a half-life

significantly in most cases.” "We have sub- of 17 months.
TABLE 8
Effect of Storage on Diastase Content of Honey
Diastase Values 0

No. ij(irrﬁ ¢ Frozen Room Temp Loss Lo/sos L%rﬁﬁr
234 21 mo. 61.2 309 303 495 2.36
430 20 326 186 140 29 2.16
361 20 146 811 6.5 445 2.23
326 19 176 123 104 5.1 3
238 17 106 759 301 283 1.66
403 13 6.74 397 217 411 3.16
a1 13 38.0 21.8 16.2 26 3.28
258 13 3H.3 208 145 411 3.16
92 13 333 19.0 143 429 330
94 13 191 12.9 6.2 325 2.50
96 13 218 184 94 338 2.60
97 13 8.00 442 358 47 344
98 13 217 15.8 59 212 2.09
261 13 103 8.40 1.90 184 14
142 13 224 132 92 411 3.16
104 9 10.8 8.15 2.65 245 2.12
121 8 226 15.9 6.7 29.6 3.70
179 8 16.7 114 53 317 3.96
333 8 15.2 9.38 = 381 4.76
214 4 152 128 24 15.8 39
Av 132 220 134 389 2.9
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This may be compared to the 0.72% per
month shown by the data of Schade et al
(14) for a temperature probably 5-6°C
lower. This at once shows the importance
of low-temperature storage for honey in
which diastase content must be maintained.
Our data show a considerable variation in
the rate of loss of diastase among the honey
samples. Kiermeier and Koberlein (8) re-
ported that the heat-sensitivity of honey
diastase is related to the pH of the samR)/Ive;
Schade et al (14) are in agreement. We
made an effort to relate several composi-
tional factors to the rate of loss of diastase
in storage but, as shown in Table 9, no rela-
tionship was obtained for ash, total acidity,
hydrogen ion concentration, original diastase
value, and moisture content. An analysis of
variance for regression on the values for
diastase loss vs original diastase number,

TABLE 9

Correlation of Diastase Loss Rate
with Other Factors

Factor F Value 1
Time Of SIOTA0R ...vvvvvsvvsvrsvssmssrsssesnsen 12.44
Original Diastase NO ...oovvvvrrrsrvmsvssrsnnns 2.72
Moisture CONENT ..ovvvvvvvvrsvsrserserssinnns 01
TOtal ACIHIY oo 5
Hydrogen 10n CONe ..o 0.07
ASN s, 19
TOtAl AQE o 7.63

1Calculated by analysis of variance for regression.
2Significant at .10 level.

3Exceeds .05 probability level.

4Exceeds .01 probability level.

for example, gave an F value of 2.66, sig-
nificant at the  10% probability level. How-
ever, rate of loss was found to be correlated
with storage time, with the rate for samples
stored short times being 5|gn|f|cantl¥ greater
than the over-all rate for samples with“longer
storage periods. Analysis of variance of
these” data yields an F"value for linear re-
gression of 12,4, significant at the 1% prob-
ability level. A less significant relation was
found between total age and rate of diastase
loss.  This does not provide information on
}he composition factors controlling rate of
088,

It may be seen from these data and also
those of Schade and co-workers that storage
temperature is a most important factor af-
fecting retention of diastase in honey. Many
studies reIatm% diastase loss with degree of
heating have been reported (6, 8, 10) in-
vestigating the thesis that diastatic activity
is an Indication of ,heatlngnof honey. De Bogr
in his study of a%mg of honey did note that
in general "the changes occurrm% as honey
ages are the same as those brought about by
heating; he had particular reference to in-
crease In hydroxymethylfurfural content. We
have now, for the first time, evidence that
over a storage period of 12-18 months, with-
out heatm?, a honey may lose enough dia-
stase to fall below the minimum "values
required for European acceptance as table
honey.

With export practices, including storage
by the producer, packer, shipper, time n
transit thro,u%h the Panama Canal to Europe,
Blus a possible 6 months in free-port storage
efore sampling and testlng bg the importer,
a total elapsed time of 12-18 months from
extraction to the European consumer may
occur (17). Any storage temperature ex-
ceeding the average 26°C (79° F) in this
study will appreciably increase diastase de-
struction beyond that found here. A few
weeks or months of warehouse storage at
85 or 90°F or higher is common(lj;r, en-
countered in southwestern honey handling

AIthou?,h further studies of the effect of
these relatively low temperatures on stability
of honey are planned, the following practices
for hon@y intended for export to Europe may
lie suggested:

L ExPeditious handling to shorten time
from extractor to European customer.

2. Prompt removal from storage areas
where honey is exposed to heat.

3. If long-term storage is necessary, it
should be in"cool or cold storage.

4, Sampling by importers for testing-
should be at arrival instead of after pro-
longed warehouse storage.

Complete analytical data on all of the
honey samples used in this work will be in-
cludéd in a forthcoming publication on the
composition of American honey.
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Summary-

Two types of soft surface ripened cheese become inhibitory to microbial growth

after storagi

eat 2to 4° C for 8 weeks. The antimicrobial agent has been concentrated
4- to 16-fold by aqueous extraction and lyophilization or drying
The total antimicrobial activity of aged surface ripened cheese of

a current of air.
e described types

1

was estimated to be at least 18.6 antimicrobial units per gram of product.

The active principle inhibited growth and toxin production of type A Clostridium
botulinum 62A, the growth of Staphylococcus aureus 223 and Bacillus cereus 800/58.
Threshold subinhibitory amounts of the antimicrobial concentrates stimulated growth

of these organisms.

Inhibition of Clostridium botulinum and
molds in aged surface ripened cheese has
been reported from this laboratory. Two
tyB_es of surface ripened cheese became in-
hibitory after stora%e at 2° to 4° C for 8
weeks “or Ion?er whereas prior to 8 weeks
both types of cheese supported growth of

C. bofulinum. Inhibition of C. botulinum was

estimated from the presence or absence of
toxin in experimental cheese preparations
which were inoculated with toxin-free Sf)OI’eS
and subsequently incubated anaerobically at
30° C.. Inhibition of molds was studied. by
observing surface growth on cheese slices

'he cheese samples as used in these ex-
periments were not suited for further in-
vestigation of the properties and |dent|t¥ of
the antimicrobial_principle of aged surtace
ripened cheese. This investigation was con-

"This study was supported in part by a grant
from the National Cheese Institute and in part b
a grant-in-aid from the United States Public Healt
Service (RG5837). .

bData reported in this paper are part of a thesis
submitted by N. Grecz to the B|oIoPy Department
of the Illinois Institute of Techno og in partial
fulfillment of the requirements for the Ph.D. degree.
This project constituted a cooPeratlve program_ be-
tween the Biology Department of Illinois ‘Institute
of Technologiy and the Food Research Institute of
the University of Chicago.
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cerned with the preparation and character-
ization of crude concentrates from aged
type | and type I11 cheese.0

MATERIALS AND METHODS

Extractions

Surface ripened cheese, type I, was obtained from
the manufacturer as compasite lots in polyeth¥lene
bags encased in fiberboard drums. The age of the
cheese on the day of arrival at this laboratory was
between 23 and 30 days. The bulk lot of type |
cheese was stored at 2° to 4° C after arrival at this
Iaboratorr. .

Type 11 surface ripened cheese was purchased
from the store and subsequently kept at 2° to 4° C
for the desired time period. “The manufacturing
date of type 111 cheese was stamped on_the package.

The inhibitor of C. botulinum was isolated from
thoroughly aged type | or type II1 surface ripened
cheese by agueous extraction. Equal parts (w/v)
of aged cheese and distilled water were mixed to
form a homoageneous slurry. If necessary, cakes of
type 11 cheese were ground in a food chopper to
obtain a more homogeneous mixture. The agueous

c¢To avoid use of brand names, surface ripened
cheese was classified types I, II, and [II. The flora
of éype [ is made up of bacteria and yeasts; Il is
made up of molds; and I1] is ripened primarily by
bacteria. Type | is a soft rennet cheese, whereas
type 111 isa semihard rennet cheese. Type | and
type [l develop a brown surface smear during
prolonged storage.
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suspension was allowed to interact overnight and
was filtered by gravity. All operations were car-
ried out at 2" to 4°C. The liquid was passed
through a series of filters of decreasing porosity
until a clear extract was obtained which could be
sthen{l(zjed by passage through a sterilizing filter
sheet.

At this stage the extract contained 18 to 2.3%
sodium chloride. To avoid possible interference
with the bioassay the salt was removed by d|aIY5|s
to less than 0.2%. This required approximately
2 hr. The preparations were adjusted to pH 7.0 to
7.2, Seitz filtered and incorporated into the hioassay
medium. Type | surface ripened cheese was used
unless otherwise stated.

Cultures

The %rowth inhibitory activity of aqueous ex-
tracts of aged surface ripened cheese was studied
on 3 different organisms: (a) Clostridium botu-
Unitm, (b) Staphylococcus aureus, and (c) Bacillus
cereus.

Type A Clostridium botulinum strain 62A was
obtained from K. F. Meyer, Hooper Foundation,
University of California.” The stock culture was
transferréd semiannual'} in Rosenow’s Brain Me-
dium, incubated for 10 days at 30° C and stored at
4° C. Spore suspensions of C. botulinum were pro-
duced in 5%_tr)g)t|case broth at 30° C in anaerobic
jars as described by Wa%enaar and Dack (9). The
spores were harvested Dby centrifugation and re-
9eated washing with M/I5 phosphate buffer (pH
) and heat shocked at 85° C for 10 min. Counts of
spores were made by seeding beef infusion agar
with appropriate dilutions of the stock spore sus-
pension n oval tubes. This agar was stratified with
app_rommateIY 2 cm of 2% agar containing 0.2%
sodium thioglycollate to create anaerobiosis.

Staphylococcus aureus 223, a food poisoning
strain, was obtained from Miss R. David of the
Food Research Institute of the University of
Chicago. .

Bacillus cereus 800/58 was received from Dr. S,
Hauge of the Norges \_/etermaerthSkoIe of Oslo,
Norway, who isolated it from vanilla sauce which
was believed to have caused an outbreak of food
poisoning in a hospital in a Norwegian town
(Hauge, personal communication). This strain was
biochemically similar to the aerobic spore formers
isolated by Hauge from an earlier food pmsonmg
outbreak ~(6), except that it hydrolyzed starc
rather slowly.

Assay Media and Procedures

The basic medium for testing the inhibitory
activity of the cheese extracts was that of Yesair

aSterilizing filter sheets, L-6, Hercules Filter
Corp.,, Hawthorne, N.J.
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as modified by Sugiyama f(8). This is commonly
used for counting spores of C. botulinum (1). Its
basic composition is beef infusion, 1000 m|: peptone,
5 61; tryptone, 1.6 g; glucose, 1.0 g; soluble starch.
10 g; “sodium thioglycollate, 2.0"g; agar, 16 g;
sufficient 1N sodium _hYdromde to adhust pH 10
72t0 74. In our initia exgerlments_ this medium
was modified by replacing the beef infusion broth
with 0.5% of Difco bacto-beef extract paste as
recommended by the Difco Laboratories, Inc. (3).
The liquid portion was supplied by cheese extract
samples which were assayed for growth inhibitory
activity. In the case of controls, the liquid portion
was supplied by distilled water. The cheese extract
was sterilized by Seitz-filtration, placed into oval
tubes, equilibrated at 55° to 60° C and inoculated
with approximately 50 or 100 type A C. botulinum
spores. The volume of the inoculum was kept below
0.5 ml to avoid excessive dilution. Sufficient melted
8% agar was added to give a final agar concentra-
tion of 0.8%. This medium was designated as
medium A. All operations were carried out in the
water bath to prevent solidification of the agar
during handling.

In later experiments the bioassay of the inhibitor
was simplified by lyophilization of the clear filtrates
of cheese extract. The dehydrated preparations
could be dissolved in sterile beef infusion broth and
added to an equal %uantlty of melted beef infusion
agar containing 3.2% agar. The medium was in-
oculated with tyﬁe A C. botulinum spores, allowed
to solidify and ‘then stratified with a 1-cm layer of
petrolatum to create anaerobiosis and prevent dry-
ing of the agar durmg incubation. Colonies were
counted after 12 to 18 hr of incubation at. 30° C.
Counts were repeated at regular intervals for 36 to
48 hr. Tubes showing no colony formation were
observed for as long as 9 months.

S, aureus was tested for growth on tryf)tone |u-
cose extract agar slants containing sterile lyophil-
ized preparations of aqueous cheese extracts.” Serial
two-fold dilutions of the extracts were made in
melted agar which was slanted and allowed to
solidify, The surface was streaked with suitable
suspensions of a young culture of V. aureus, Fo'-
lowing incubation at 30° C growth was estimated
by visual inspection.

B. cereus was tested by the agar plate method
(5) using either filter paper impregnated with the
inhibitor or stainless-steel cylinders filled with in-
hibitor filtrates that were placed on the surface of
the seeded agar. The size of the clear zone of
growth inhibition around the paper or cylinders
indicated antimicrobial activity.

Analytical Methods
The methods employed for pH determination,
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NaCl analyses, and the assay of C. botu’inum toxin
were described earlier (4).

RESULTS

Aqueous_extracts of afged ,tgpe | cheese
contained 5.3 to 6.4% of solid material as
compared with 45 to 48% solids_in the ini-
tial cheese. Furthermore, the initial cheese
contained 35 to 4.5% of sodium chloride
whereas the extract contained 1.8 to 2.3%.
The initial pH varied between 5.6 and 6.0.
No carbohydrate could be detected by the
Benedict test,

Some of the differences between aqueous
extracts from fresh and aged type | cheese
are given in Table 1 It may be observed

TABLE 1

Solids in Aqueous Extracts of Fresh and of
Aged Type | Cheese

Solids in agueous extract
4%”}0] ”eIEMaWoI

Aqueoug extract Soluble Insoluble

f Total

0t % 0
Fresh cheese gl week)..... 1840 07 1763
Aged cheese (34 months) . 583 4% 088

that 18.40% of the total solids were ex-
tractable from one-week-old fresh cheese,
whereas only 5.83% total solids were ex-
tracted from"aged cheese. Furthermore, the
percentage of the extracted solids which are
soluble in 42.5% ethanol are much greater
for_those of aged cheese.

The a?ueous extract from fresh cheese
could not be easily clarified by filtration.
The filtrates were ‘always somewhat milky
in appearance and the” solids precipitated
occasionally on standing (probably due to
residual relinin activity).

Biological Activity

The addition of extracts of aged type |
and type [l cheese to the assaﬁ medium
inhibited the growth of t¥pe A C. botulinum.
Similar preparations of Tresh cheese had no
inhibitory effect (see Table 2). The inhibi-
tory effect of the extracts on C. botulinum
was two-fold; (a) the number of colonies
from a given inoculum, was reduced and (b
the emergence of colonies was delayed. How-
ever, once a visible colony appeared, it de-

TABLE 2
Inhibition of Clostridium botulinum by Aqueous
Extracts of Aged Type | and Type |l Cheese
. Colony count of C. botulinum
Sample added to Medium A~ 22hr 24hr 36hr 48 hr

. Extract of type | cheese
(a) aged cheese,

full strength 7 20 3
1:2 dilution 66 70 T4
1:10 dilution ... o8 0
water (control) % 8 8
(b) fresh cheese ... ... 7 19 @ 4

............ 17 8 100 100

24hr 48hr T2hr % hr

[I. Extract of type I11 cheese
(a) aged cheese,

water (control)

full strength .......... 0 0 0 |
1:2 dilution ......... 13 5% 5% 60
water (control) ........... 0 69, 69
(b) fresh chegse ...... 0o & &

~aNo counts could be made because of liguefac-
tion, general turbidity and gas formation. Type A
C. botulinum toxin was present as demonstrated by
intraperitoneal injections into white mice. Activity
of C. botulinum was further evident from the drop
in pH and specific rancid odor in these tubes.

veloped at a rate commensurate with that
of the control colonies. Threshold amounts
of extract added to the medium gave rise
to considerably larger colonies of 'C. botu-
linum than those in"control tubes containing
no added cheese extract. Toxin production
as opposed to growth was not inhibited; on
the contrari, a'4- to 20-fold higher titer was
present in fubes to which cheese extract was
added (see Table 3). The odor of the cul-

TABLE 3

Effect of Cheese Extract on Growth and T oxin-
Production of Clostridium botulinum

Time of

Medium %%lt?rﬁ] v%g?t?feqecgfgn?gs Toxin titer a
o (hr) (m.Ld.Iml)
Beef infusion agar.57  12to 48 5X 10s
Medium A made up
with water ........ 5L 3Bto 72 1x Uf
Medium A made up
with cheese
extract b .. .9 M8to168 20X 105

aToxin titer was determined after 1 week of in-
cubation at 30° C.

bAqueous extract of aged type | cheese.



GRF.CZ, DACK AND HEDRICK 75

TABLE 4

Inhibition of Clostridium botulinum by Graded Amounts of Lyophilized Extract
of Aged Type | Cheese

Increase over

Dehygrated powder . COne,.0T 50 |%s
Al i
136 MQIMI s s 41old
68 mg/ml ... 2fold
BMYIMI s s Lfold

None (control) .

Colony count of C. botulimim

12 hr 18hr 2 hr 36 hr 48 hr
0 0 0 0 0
0 0 2 52 5

0 7 69 1 11
84 13 194 194 194

“Assay medium was beef infusion agar ésee text). Cheese extract was dialyzed for 2 hr

prior to lyophilization in order to reduce Na

tures of C. botulimim grown in presence of
cheese extract was considerably 'less putrid
than the odor of control beef ‘infusion cul-
tures (both in Table 3).

L oRhlllzatlon of the aqueous extracts of
agne, cheese resulted in a buff colored powder
which readily dissolved in agueous solutions.
This powder could be added to the_ assay
medium in 2- and 4-fold concentration of
that of the initial extract. A protocol em-
plqrmg 2- and 4-fold concentrations of lyo-
philized preparations of aged type | cheese
IS shown_ in Table 4.

Antimicrobial activity could not be related
to the solid content of an aquequs extract.
The solid content of extracts varied depend-
ing on the order of a repeated extraction or
the age of the initial cheese (see Table 1
and Figure 1).

Repeated extraction of aged t,yP_e | cheese
by resuspending the cheese in distilled water
and filtration resulted in elution of the in-
hibitory principle(s) in each successive fil-
trate up. to the 6th extraction (see Table 5).
The solid content of each successive extract
gradually decreased whereas antibiotic activ-
ity remained essentially constant; this re-
sulted in an enrichment of the antimicrobial
principle(s) per unit weight of the dehy-
drated preparation (see Figure 1).

The Amount of Antimicrobial Sub-
stance in Aged Type | Cheese

. Aged type | cheese contained at least 18.6
inhibitory units per gram of the original
product.

Calculation

One inhibitory unit was defined as the
smallest amount of antimicrobial agent which

| from an initial 1.9 to a final 0.1(4.

TABLE S
Antimicrobial Activity of Lyophilized
Preparations Obtained by Repeated
Aqueous Extraction of Aged
Type | Cheese

G LR
12hr 24hr 36hr 48hr 60hr 72hi
7 8§ 8

Extraction a

PR L OO
[e= R NENFopiiol &)
{=)
—
o
—_
o

Beef infusion
agar (control)... 5 34 40 40

“Successive extracts were obtained by repeated
suspension of aged type | cheese in an equal amount
of distilled water (w/v) and filtration by gravity
at 2° to 4° C. _ o
~ bBioassay was done by incorporation into beef
infusion agar of Iyophilized ﬁrepa_ratlons in 2-fold
concentration as related to the initial level in the
liquid extract. Heat-shocked spores of type A
Clostridium botulimim culture 62A were used as
the assay organism.

completely prevented growth of S. aureus
223. Ten_mg/ml of the lyophilized 2nd ex-
tract in Flgure 1 was necessary to_ inhibit
S. aureus 223. Aged cheese contained 31
mg of extractable “material (2nd extract
per_gram of the original product, i.e. 3.
Inhibitory units. Since all 6 extracts in FIP-
ure 1possessed apPrommater the same anfl-
biotic actm(tjy as the second extract it may
be concluded that the original type | cheese
contained at least 18.6 inhibitory units per
gram of cheese.

Dehydrated Preparations

Lyophilization of cheese extracts was com-
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SOLID CONTENT
6-2 ©0

SODIUM CHLORIDE

34
(%)
2.25
2.1
1.3
lo.7 )
Io.3 o=
| | 1] | |
| 2 3 4 5 6

0.18

123 456

SPECIFIC ANTIMICROBIAL
ACTIVITY

0.80

0.75 0.75

0.08 003

123 456

ORDER OF EXTRACTION
Fig. 1 Changes of the properties of repeated aqueous extracts of aged type | cheese. The specific anti-

microbial activity a=-T-, where o is the number of colonies in the assay tube, 3 is the number of
colonies in the control tube. Tubes were incubated at 30° C for 72 hours.

plicated by frequent melting of the samples
durmrq the lyophilization _Frocess. Some
samples could™not be lyophilized because of
repeated failures to keep them frozen. As
an alternate procedure, drying with a cur-
rent of filtered air appeared not to reduce
the antimicrobial potency of a sample which
was dried and re-dissolved repeatedly for 3
consecutive times, Drying by air current was
not complete and, thérefore, it was finished
in vacuo over caicium chloride.

The Agar Sltant Double Dilution Assay

_The inhibition of 5' aureus strain 223 by
air-dried preparations of aged tyBe | cheese
was tested by the agar slant dounle dilution
method Ssee Fig 2).. The growth of A
aureus 223 was inhibited by 25 mg/ml of
the preparation. No isolated. resistant colo-
nies appeared on the inhibitory slants in

contrast to controlled penicillin- and strepto-
mycm-c_onta_mmg slants (controls are not
shown in Fig. 2). The growth in the two
tubes containing threshold amounts of cheese
appeared_ to bestimulated as compared with
h|{1her dilutions of the antimicrobial prepa-
raflons and with the control.

Inhibition of B. Cereus 800/58 by Anti-

biotic-Impregnated Filter Paper

- When cheese suspensions were filtered,
liquid moved to the upper edge of the filter
Pape[ which was lining a conic funnel. As
he liquid evaporated fhe upper rim gradu-
ally became somewhat brown in color. When
thé brown rim was cut off, dried, and placed
on the surface of agar seeded with spores
of B. cereus 800/58, a clear zone of growth
inhibition ap_Peared around the paper im-
pregnated with aged cheese after a suitable
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Fig. 2. Inhibition of Staphylococcus aureus Strain
223 gy the extract of aged t%/pe | cheese as tested
k%the agar slant method. The first tube contained

mg/m1 of an air-dried preﬁaratlon, and each of
5 subsequent tubes contained half of the amount of
extract represented in the preceding tube. The T7th
tube is the control containing no extract.

fr)erlod of incubation. No_such zone was
ound in similar preparations from fresh
cheese (see Fig. 3). ,Dr?/ filter paper seg-
ments impregnated with the substance from
aged type | cheese which were stored in
a_screw-cap tube at 30° C retained anti-
in{croblal activity when tested 12 months
ater,
DISCUSSION

The method of extraction described in the
present paper was satisfactory for well
ripened cheese showmg a high degree of
Proteolysm, but was of limited value with
resh type | and type |11 cheese and some
other types of cheése which do not undergo
extensive protein breakdown during natural
ripening. “Extracts of these cheeSes were
milky susTpensmns which did not readily pass
throui]h ilter paper.  Only small quantities
of filtrate were obtained “after filtration in
the refrigerator for 5to 7 days.

The data obtained with antimicrobial con-
centrates are in general a?reement with ear-
lier studies in this laboratory (4), although
it appears that the total antimicrobial po-
tency of aged cheese is %reater than was
orlqmally realized. The fact that aged cheese
could be extracted repeatedly and that anti-

microbial activity was present in at least 6
successive extractions from a sample of agled
type | cheese, sug?ests that the bulk of the
antimicrobial subStance may have been ad-
sorbed on some other substance in the cheese
and gradually released during repeated ex-
traction. This view was further supBJor_ted
by two additional observations, (a) During
purification, e.g., by acetone extraction, the
residue and the extract both possessed a con-
siderably higher activity than the original
cheese {un ublished results), (b) The up-
per rim of the filter paper’ through which
cheese suspensions were filtered possessed a
higher antimicrobial activity than filter paper
discs loaded with comparable quantities  of
liquid extracts. This may indicate that in-
creased activity in the fifter paper rim was
due to a hlgfher degreg of purification, i.e., by
separation Trom the_impurities during capil-

lary movement on filter paper. =
Similar reduction_of the antimicrobial
activity of some antibiotics by foreign sub-
stances has been observed by Several Investi-
The following compounds were

gators.

_Fig. 3. Inhibition of Bacillus cercus 800/58 by
filter paper impregnated with the antimicrobial sub-
stance of aged type | and type Il cheese. The
Pleces of paper were cut from the upper rim of
he filter paper funnel through which the cheese
su;Eensmns were filtered. The paper impregnated
with extract from aged cheese was folded twice,
those from fresh cheese four-fold. A noticeable
zone of %rqu'th.slnmulatlon follows the clear zone
of growth inhibition.
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reported to reduce the activity of some anti-
biotics by 5 to 50%; whaole blood, blood
serum, some culture media, impurities in the
fermentation broth, albumin, NaCl, glucose
and other sugars, unsaturated fatty” acids
Tween 80, and cysteine. It was proposed
that antimicrobial activity was reduced he-
cause of partial reversible binding by the
antaﬁonlstlc substance (7). _
The assay method using impregnated filter
paper disc$ on the surface of Seeded agar
plates was not always satisfactory, The fail-
ure to give clear zones of inhibition around
impregnated discs may have heen due to:
(af interference by~ contaminating  sub-
stances in the crude “concentrates, (b) slow
diffusion of the antimicrobial principle
through the assay agar and (c) hl?h adsorp-
tion affinity of paper for the anfimicrobial
principle. To obtain consistently clear zones
of inhibition a device was developed which
permitted quantitative loading " of large
amounts of cheese extract on”small filter
paper discs. This work is presently in prog-
ress and will be reported elsewhere. ,
~ Possible reduction of antimicrobial activ-
ity by diffusion should be considered when
C.. botulinum is used as assay organism. In
this case the agar in the assay tube is com-
monly overlayed with either neutral agar or
some” other material to create anaerobiosis.
|u early experiments it was observed that
the anfibiotic substance diffused into the
stratifying agar plug and colonies of C.
botulinum agpeared In the top portion of
the assay tupe.. In subsequent experiments
a 1-cm stratlfyln? Iayl_er,o Betrolat,um gave
satisfactory résults, “This observation_ indi-
cated that generally the use of stratifying
agar layers in anaerobic cultures may create
almlcro-envwonment of reduced nutrient
value.
~The observation that the antimicrobial ac-
tivity of cheese extracts was not affected b
repeated drying in a current of air under nor-
mal laborafory” conditions indicated that the
substance was not volatile, not readily oxi-
dized by air and not destroyed by light.

Diffusion of the antimicrobial substance
through 1.5% agar media indicated at_ least
some water solubility and a small to inter-
mediate molecular size, since large molecules
f(e.g., poI?/peptlde antimicrobial agents) dif-
use slowly on agar media (2). o

The development of inhibitory activity in
tgpe_ | and type Il surface ripened cheese
uring storage may be of practical public
health’ significance.” Holding of these two
tfypes of Cheese at the manufacturing _B]ant
or 8 weeks would decrease the possibility
of food pmsonmg. However, this, practice
should he considered in connection with
_chan%es in flavor which occur in cheese dur-
ing storage.
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SUMMARY

The presence of catheptic enzymes in irradiated meat was shown to be responsible
for an increase in free amino nitrogen and a decline in ﬂanel scores as storage
progressed. Immediately following irradiation, about one-third of the free amino
nitrogen was water soluble while the remainder was bound to the muscle fibers. At
the end of 6 months storage, the proportion of free amino nitrogen in the heat-in-
activated sample to which the inactive enzyme Ereparatlon had been added remained
un_chan?ed, but for the inactivated sample with added active cathepsins only one-
third of the free amino nitrogen remained bound to the fibers, whereas, in the raw
sample only 15% was bound to the fibers. The addition of catheptic enzymes resulted
in the release of a higher proportion of tyrosine and tryptophane than did"the naturally

occurring enzymes In raw meat.

In various raw foods preserved by irradi-
ation, it has heen noted that in addition to
the so-called “irradiation flavor” initially ob-
served, a marked deterioration in flavor oc-
curs upon storaFe. This deterioration is not
due to bacterial’ decomposition. The flavor
change has heen attributed to the continued
act|c7)n of radio-resistant proteolytic enzymes

This study was carried out, first, to deter-
mine whether or not_the presence of active
natural enzymes in irradiated meat results
in these undesirable flavor changes, and sec-
ond, to determine the nature of such changes.

aJournal Article 2580 Michigan Agricultural
Experiment Station, East Lansing. _

bThis paper reports research undertaken in co-
operation’ with the Quartermaster Food and Con-
tainer Institute for the Armed Forces, QM Re-
search and Engineering Command, U.S. Army, and
has been assigned number 1086 in the series of
papers approved for publication. The views or con-
clusions contained in this report are those of the
authors. They are not to be construed as neces-
sarily reflecting the views or endorsement of the
Department of Defense.

¢ Deceased. _

aPresent address: Department of Horticulture,
Pennsylvania State University, University Park,
Penn.
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PROCEDURE
Experiment 1. Natural Meat Enzymes

Press Fluid.

A meat enzyme extract was _Pregared_ by grinding
10 Ib of fresh beef, mixing with 3% filter pulp an
pressing 170-g portions wrapped in heavy canvas
In a Carver laboratory Press. The press-fluid was
obtained by gradually increasing the pressure to
4,000-5,000'Ib per sg in during a 30-min period. The
fluid thus expressed was used as the fresh enzyme
preparation.

Preparation of Meat

Thirty-six roasts of approximately 300 ¢ each
were prepared from 3 pairs of U.S. Choice beef
ribs using the Lonthissm_us dorsi muscles. The
roasts were randomly assigned to 3 groups with
12 roasts in each group. One ?roup was frozen,
another grou8 roasted to an internal temperature
of 71° C (160° F) and injected with 20 ml of the
active enzyme preparation per roast. The other
group was cooked in the same manner and injected
with 20 ml of the same preparation after heat
inactivation of the enzymes. Inactivation was
accomplished by heating the active preparation at
100° C (212° F¥ for 10 min. Injections were made
with a hypodermic needle. Two of the fresh frozen
roasts, two of the cooked active-enzyme-treated
roasts, and two of the cooked inactive-enzyme-
injected roasts were withdrawn and used as un-
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irradiated controls. One roast from each treatment
was immediately subjected to taste panel evalua-
tion; the others were used for amino nitrogen
determinations. All roasts were sealed and held in
tin cans (C-enamel for pork) during irradiation
and storage. The 30 remaining roasts were all
irradiated at 2.79x10° rads with a Co@) source at
the Fission_Products Laboratory, Umversn¥ of
Michigan. Following irradiation, one roast from
each group was used for panel evaluation and
another for chemical analysis. The remainder were
stored at room temFerature (24°C+3°) and one
pair was removed from each treatment for panel
evaluation and chemical analysis at the end of 1, 3,
and 6 months of storage.

Panel Evaluation

~ Roasts to be evaluated by the panel were heated
ina 149°C (300° F) electric oven to an internal
temperature of approximately 66° C d(150° F). An
18-member consumer-type panel rated each sample
on the 9-Eomt hedonic scale for acceptability as
described by Peryam and Pilgrim (8).

Total Nitrogen

A modification of the Kjeldahl-Gunning method
(1) was used to determine total nitrogen.

Amino Nitrogen

A 25-g sample was blenderized in 150 ml distilled
water at 2° C (35° F) for 2-3 min. The resultlnE
slurry was washed into a 250-ml volumetric flas
and diluted to 250 ml with 2°C water. Free amino
nitrogen was determined on 10 ml of the slurry
and on 10 ml of the filtrate from the sIur%y by the
Van Slyke nitrous acid method (1,3). This" was
done in-order to determine how much amino nitro-
gen was still bound to the fiber and how much had
een freed from the fiber. Amino nitrogen is
expressed as percent of total nitrogen to eliminate
varletmon due to different protein contents in the
roasts.

pH. The pH was measured on the same slurry
using a Beckman Model G pH meter.

E xperiment 2. Crude Cathepsin
Preparation

Preparation of Meat

Four wholesale beef ribs were obtained and the
Longissimus dorsi muscles were removed and passed
once through a coarse grinding plate and twice
through a fine plate. Forty cans were prepared
with each containing 300 g ground beef in a poly-
mylar bag. Fourteen of these were held in the raw
state and the rest were cooked to an internal tem-

perature of 77° C (170° F). Thirteen of the cooked
samples were injected with 18 ml of an active
catheptic enzyéme preparation prepared from beef
spleen and the remaining cooked samples were
injected with 18 ml of the same preparation which
had been inactivated by heating at 100° C for 10

min.

All cans were sealed and frozen. Two cans from
each treatment were set aside as unirradiated con-
trols and the remaining cans were irradiated at
2.79x10° rads with the Co( source at the Fission
Products Laboratory, Unlversn% of Michigan. The
controls and 2 samples of each of the irradiated
treatments were immediately subjected to taste
panel evaluation and chemical analysis. Storage
was then begun at room temperature (24°C
3° C). Panel evaluation and chemical analysis were
carried out after storage periods of 1 3, and 6
months.

Panel evaluation, total nitrogen and amino nitro-
gen were determined as in Experiment 1

Enzyme Preparation

Four beef spleens were chopped and frozen and
a crude preparation of cathepsin was prepared b
salting out with ammonium sulfate at 40 to 70%
saturation (4). The final dialysate was tested for
activity against a 2.5% hemoglobin substrate, read-
ing absorbance of the trichloroacetic acid filtrate
at 280 mft on the Beckman DK-2 (9). Activity
was about 7.2 hemo%lobm units per can. The en-
zymatic activity of the raw meat was also deter-
mined by the above method takmq care to extract
as much’ of the enzymes as possible. Activity was
approximately 6.4 hemoglobin units per can.

Free Amino Acid Determination

~ Ten grams of theground sample were susRended
in boiling water and extracted by the metnod of
Awapara (2) and chromatographed in two dimen-
sions with phenol-water and collidine-water sol-
vents (5). The spots were cut out, eluted and
reacted with ninhydrin. They were quantitated by
spectrophotometric comparison with a_chromato-
graphed standard solution of amino acids (2).

RESULTS

Experiment 1

Results of the first experiment are sum-
marized in Table 1 With both the raw
samples and the cooked samples with the
added active press fluid, panel scores de-
clined steadllly as length of storage Was ex-
tended. Duplicate samples showed a marked
increase in percentage of amino nitrogen as
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TABLE 1
M ean Panel Scores, Percent Nitrogen and pH of Control and Irradiated Meat
Samples Over a Six-Month Storage Period— E xperiment 1
Percent amino nitrogen

~ Sample %%?Q rmrrgggrg pH Suspension Filtrate
Unirradiated control raw 6.4 33 5.62 16 2.3
Cooked + added enzyme 6.8 43 5.9 1.0 12
Cooked + inactive enzyme 6.9 39 5% 12 2.0
Irradiated 0 days raw 53 37 5.62 51 16
Cooked + added enzyme 4.2 44 5.78 6.1 14
Cooked + inactive enzyme 4.8 40 590 6.8 13
Irradiated 1 month raw 33 37 5.80 104 54
Cooked + added enzyme 4.7 44 533 14 21
Cooked + inactive enzyme 6.1' 45 5.86 5.7 15
Irradiated 3 months raw' 32 36 6.40 14.2 10.6
Cooked + added enzyme 39 45 5.3 14 26
Cooked + inactive enzyme 5.02 38 5.82 1.2 18
Irradiated 6 months raw' 2.2 38 6.00 165 146
Cooked + added enzyme 3.63 45 541 18 2.9
Cooked + inactive enzyme 5.23 43 5.87 6.1 18

‘The cooked-inactive sample was Freferred P =<.01) over both the cooked-active and the
raw sample. The cooked-active sample was preferred SP: <.01) over the raw.

2The cooked-inactive sample was preferred $P:<. 1) over hoth the other samf)les.

3The cooked-inactive sample was preferred (P = <.01) over both the other samples and the

cooked-active sample was preferred (P=<.01) over the raw.

storage hecame Ion?er. Prior to,storq?e ap-
proximately 30% of the total amino nitrogen
was found in the water filtrate from the raw
sample, but as storage was prolonged there
was a regular increase_in the proportion of
amino nifrogen in the filtrate until there was
a total of 887c at the end of 6 months. There
was a similar increase in the proportion of
water-soluble amino mtrog]en during storage
of the cooked samples with the added active
press fluid. However, the magnitude of
chanqe was much lower than that of the raw
g%rg}pe with an increase from 23 to only

0.

The cooked sample to which the inacti-
vated press fluid was added received the
highest panel score at 1 3, and 6 months
storage. The_sample with the added inacti-
vated press fluid was rated higher by the
Panel after 6 months storage "than When
asted at 0 days. Similar samples exhibited
no apparent iricrease in total amino nitrogen
as stora?e was prolonged. Furthermore, no
clear-cut change in the proportion of amino
nitrogen in the acpieous extract was appar-
ent,

After storing the raw sample for 6 months.

crystals were present on the surface of the
sample. By means of microscopic examina-
tion, the crystals were identified as tyrosine.

Experiment 2

Table 2 gives a summary of the results in
the second experiment. Taste panel results
showed a 8eneral decline in score as storage
was extended, However, the lowest ratln,%s
were obtained for the cooked samples with
added active catheptic enzymes. Again there
was a steady rise in_the total amino nitrogen
with increasing periods of storage for both
the, raw and cooked samples with added
active cathepsin. The water-soluhle amino
nitrogen showed an increase with length
of storage. The proportionate amount " of
amino nitrogen_ in the water extract became
considerably higher in the cooked sample
with the added active preparation of ca-
therm than was true for active press fluid
in the first study. However, the raw sample
not only exhibited a greater proportion of
amino nitrogen in the ‘aqueous extract, but
it also contained more total amino nitrogen
as storage progressed than did the cooked
sample with added active cathepsin.
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TABLE 2

Mean Panel Scores, Percent Nitrogen and pH of Control and lrradiated Meat
Samples Over a Six-Month Storage Period—Experiment 2

Mean
Sample score

Unirradiated control raw 6.6
Cooked + added enzyme
Cooked + inactive enzyme
Irradiated 0 days raw
Cooked + added enzyme
Cooked + inactive enzyme
Irradiated 1 month raw
Cooked + added enzyme
Cooked + inactive enzyme
Irradiated 3 months raw
Cooked + added enzyme
Cooked + inactive enzyme
Irradiated 6 months raw
Cooked + added enzyme
Cooked + inactive enzyme

—m,rooo oW - o

~ro
o~
—

1The cooked-inactive sample was preferred (

raw samples after 6 months’ storage.

The cooked samples to which the inacti-
vated enzyme preparation was added did not
change greatly in either total amino nitrogen
or in water-Soluble amino nitrogen as the
storage period was lengthened.

Table 3 gives the level of various amino

TABLE 3

A Comparison of the Free Amino Acid Content
of the Raw Sample and the Cooked + Added
Enzyme Sample After Six Months’

Storage
Amino Acid(s) Raw sample ngtlfsg gnza)grgl%d

. liM/ [iM/
Leucing 34.0q 13,
Phenylalanine 108 55
Valine . 198 43
Arginine + Lysine 3.0 130
Tyrosine 198 208

acids in the raw sample and in the cooked
sample with added active cathepsin. Exami-
nation of the data reveals that slightly more
tyrosine and about half as much™ phenylal-
anine were found in the cooked sample with
added active enzyme than were found in the
raw_sample. ith all other amino acids
studied, the cooked sample contained only
about one-third as much as the raw samplé.
It is apparent that the added enzymes ap-

i

Percent amino nitrogen

rrocgegrg pH Suspension Filtrate
30 591 13 30
32 6.12 55 18
32 6.04 5.2 19
31 6.00 19 23
31 6.04 6.8 20
30 6.03 13 17
30 5.94 8.1 76
30 5.76 16 2.6
30 5.54 6.7 20
30 5.96 141 103
30 5.16 84 35
30 5.68 6.5 2.2
30 6.27 148 125
2.9 6.01 8.6 5.7
31 6.04 45 19
P =<.01) over hoth the cooked-active and the

Peare_d to release a higher proportion of
yrosine and phenylalanine than the natu-
rally occuring enzymes in raw meat. This
was not unexpected since the method used in
assaying for ‘enzyme activity is specific for
tyrosing and tryptophane (9% residues.

As in the first experiment, tyrosine crys-
tals were found in both the raw and the
cooked sample with added active cathepsin.
There was no evidence of crystals in the
cooked sample to which the inactive enzyme
preparation was added.

DISCUSSION

Results of the first experiment show that
the level of raw press fluid added to the
cooked sample did not contain adequate
amounts of enzY_mes to give as_much en-
zymatic degradation as occurred in the raw
samples. However, the increase in amino
nitrogen as storage was extended with hoth
the Cooked sample containing added raw
press fluid and the raw sample verified that
enzymatic degradation was a serious prob-
lem” in storing irradiated meat. Since the
acceptability ratings. tended to parallel the
amount of “amino “nitrogen in the_samples
it is obvious that the enzymes in irradiated
meat must be inactivated €ither by heat treat-
ment or bv chemical means.
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The cathepsin preparation used in the sec-
ond experiment did not produce as great a
percentage of amino nitrogen as the enzymes
present In the raw meat. However, the
cathepsin preparation did produce a greater
amount of tyrosine and proportionately more
phenylalanine in relation to the other amino
acids than the natural enzymes in raw meat.
Since the panel score was lower for the
cathepsin-treated samples, it is possible that
the tyrosine and perhaps the tryptophane
contents ma%/_ be major contributors to the
poor acceptability of raw irradiated beef after
storage.

The possible relationship between panel
scores and the amounts of tyrosine and/or
tryptqphane would suggest that a selective
inhibitor for blocking the enzymatic hydrolg-
sis that yields these two comﬁounds may Dbe
used in preventing some of the flavor prob-
lems in raw irradiated meat durln% storaﬁe.
Perhaps the most effective way of doing this
would be blocking the cathepsin C fraction,
which can be accomplished with ascorbic
acid or MnSOi (9).
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SUMMARY

Experimental packs of
three sources under control

f)asteurized cucumbers were treated with pectinase from
ed conditions with respect to temperature, pH, acidity,

salt concentration, and absence of microbial development. The enzyme-treated lots
revealed that as the salt content of the cucumbers increased, their firmness likewise
increased according to a first-order reaction. Based on cucumber softening data ob-
tained by use of the three pectinases, tabulated information is presented which permits
an estimate of the relative degree of softening that may be expected in curing brines

at different salt concentrations.

In the commercial brining of cucumbers
for salt-stock pickles, salt (NaCl) concentra-
tion is most important for determining the
nature of the fermentation and for rese,rv_mq
the stock for long periods of time. The initia
salt concentrations maﬁ range from 6.5 to
10% dependlngf_ on the individual pickle
Elant, but the Tinal concentration is about
he same for all plants: 16% salt at the end
of the fermentation period (11). The in-
fluence of the initial salt concentration on
the amount_of total acid formed in the fer-
menting bring, along with the correspond-
ing pH" values, has been established (15).
Etchells and Jones (12) demonstrated that
the use of a low salt brine (about 5% NaCl)
gave rapid formation of a hI(TJh amount of
acid and a low pH, whereas, the use of in-
creasingly higher brine strengths #10%
NaCl and above) gave slower rates of acid
formation, together with increasing rates of
as evolution and resultant bloater spoilage
%hollow cucumbers).

Acid-forming bacteria and yeasts are the
principal groups of organisms usually found

0This study was carried out under a cooperative
project with ‘the Departments of Animal Indu_str?/
and Horticulture of the North Carolina Agricul-
tural Experiment Station.

_bOne of the laboratories of the Southern Utiliza-
tion Research and D_eveI[Jj)ment Division, Agricul-
tural Research Service, United States Department
of Agriculture.
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during the active fermentation of cucumbers.
Their population_changes and identification
in commercial brines have been studied ex-
tensively bé/ Etchells and associates (4, 8-10
12, 13). Brining procedures at commercial
Plants which usé high initial salt concentra-
jons were reported (4) to favor large popu-
lations of fermentative yeast species and to
?_e chiefly responsible for the bloater forma-
ion,

In 1958, Etchells ct al (71 reviewed the
earlier investigations as well as the more
recent studies™ dealing with the nature of
softenin -the spoilage of cucumber salt-
stock. as been established (1, 2, 5-7)
that softening is caused hy the pectin-
splitting fungal enzyme pectinase (complex
enzyme system of which one component of
the pectic enzyme mixture is polygalacturon-
ase) ; cellulase is also associated With soften-
mg#_ In the commercial brines. These studies
detinitely implicated filamentous fungi as the
actual causative agent responsible for soften-
mg of cucumbers under commercial con-
diflons.  Further, the hydrolytic enzymes
pectinase and cellulase were reported fo be
Introduced into the brines chiefly b}( way
of fungus-laden flowers that remain attached
to the cucumbers and to a lesser extent by
the cucumber fruit. The enzymes are pro-
duced in the flowers prior to entering the
brine and, not by fungal growth during the
fermentation.

Mechanical removal of flowers from cu-
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cumbers or draining off the brine after 36
hours are ﬁroce,dures, recommended (6) and
used by the pickle industry to reduce the
softening enzymes in the brines.

In 1950, Bell et al (1) reported the effect
0f 0, 5, 10, 15and 20% sodium chloride solu-
tions_on the viscosity of pectin and on the
activity of 0.20 and 2,00 /zg/ml of polyga-
lacturonase upon pectin. 1A those studies
the method of assay caused a fivefold dilution
of the salt-enzyme’solutions; so the final salt
concentrations above were lower, and salt in-
fluence on enzyme action reversible. They
reported that mcreasm? the salt concentra-
tion levels raised the relative viscosity of the
P,ec,tln solution and reduced the enzyme ac-
tivity as measured by percent loss iri viscos-
|tP/. They concluded that high concentrations
of salt did not completely denature poly-
galacturonase.

It has been generally believed by experi-
enced commercial operators in the pickle
industry that the use of low-salt-brining
procedures for cucumbers will result in more
softening losses than the use of higher brine
strengths ﬁll, 12). Scientific reports are
not available to substantiate these beliefs:
therefore, the present investigation was
undertaken to study the influence of salt con-
centration on the pectinolytic softening of
cucumbers. The tests were conducted in the
laboratory where controlled conditions could
be maintained.

MATERIALS AND METHODS

Experimental Cucumbers

Fresh-pack gpasteurlzed) cucumbers were made
during the 1957'and 1958 growing season at a com-
mercial plant located in Ayden, North Carolina.
These experimental packs consisted of 12 jars (1
quart capacity) each of the individual salt treat-
ments calculated to eguallze at 0, 4,8 12 16 and
20% NaCl for the 1957 pack; and, at 0, 1 2, 3, 4,
56,8 10 12 16 and 20% NaCl for the 1958 pack.
The experimental packs were prepared by first
welg_hmg the salt and placing it into each jar, then
acking the jars with 14 to 16 washed cucumbers,

odel "variety, 1 to 1% inches in diameter. For
the 1957 pack, a cover liquor containing 19 ml of
85% lactic acid per gallon of water was Foured
onto the cucumbers to_approximately one-half inch
from the top of the Ear; for the 1958 pack, the
acid was increased to 23 ml per gallon. These jars

were then sealed, coded, and pasteurized in a con-
tinuous commercial unit using steam which gave
an internal product temperature of 165°F; the
jars were promptly cooled with water to less than
100° F and cased according to code numbers. The
final equalization of the lactic acid was in a range
of 0.20 to 0.24% and_ the brine pH was 3.8 to 4.1;
the 1958 pack was sllgghtly lower in pH and higher
in acidity than the 1957 pack, but it was in the
given range. A few jars spoiled in the 0 to 4%
salt treatments at pH 4.0 but a sufficient number
of jars in these ﬁartlcular lots were free of spoil-
age to conduct the enzyme tests.

Pectinase Enzyme Sources

A commercial concentrated pectinase enzyme
46 AP (Lot No. 32) of fungal origin, was used.
One percent aqueous solution of this enzyme was
sterilized by Seitz filtration and decimal ‘dilutions
prepared so that one ml would ?lve the desired
concentration per treatment (Table 1).

Purified P_olygalacturonase PG), prepared from
fungal pectinase at the Western® Utilization Re-
search and Development Division, USD A, Albany,
California (16?), was kmdlﬁ supplied by E. F. Jan-
sen of that laboratory. The purified enzyme was
used in the 1958 and 1959 experiments at™ 1.0 ppm
and 0.1 Ppm_respec_tlvely. _ _

Four tungi, previously isolated and studied (7),
were also used as pectinase sources. The fungi
were grown on the surface of White’s mineral
broth plus gectm (7) and after two weeks incu-
bation at 28° C, the clear filtrate was separated
from the cells, diluted with 9 parts of water, and
1 ml of the 1:10 dilution added per jar of cucum-
bers (Table 2). Ten drops of toluene were added
to each jar as a preservative.

Measurement of Cucumber Firmness

The USDA Fruit Pressure Tester (17) was
used to measure cucumber firmness (2). For this
study, each pressure test value represents the
average of 10 cucumbers, each with a single center
Punch and recorded to the nearest pound resistance
0 the 5/16-inch tip of the instrument. Firmness
values of less than 3 Ib are not measurable with
this tester. Adjective “Firmness Ratings” for salt-
stock cucumbers of 1 to 1% inches diameter as-
signed to rpressure test values have been reported

{ as follows: very firm, 18 Ib and above; Firm,
4throu%h 17 Ib; Inferior, 11 through 13 Ib: Soft,
5 through 10 Ib; Mushy, 4 1b and below. This in-

formation is given to assist the reader in inter-
preting the data in Tables 1 and 2

" Supplied by Rohm and Haas Co., Philadelphia,
Penna.
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RESULTS AND DISCUSSION

Softening Activity of Pectinase
46 AP and PG

_ Experimental cucumber Packs (one-%uart
jars) with six levels of salt (0, 4, 8, 12, 16
and 20%) were treated in 1958 with in-
creasing concentrations of 46 AP pectinase
calculated to equalize at 0.01, 0.1, 1.0 and
100 ppm, An additional salt series was
treated with purified polygalacturonase cal-
culated to equalize at 1 ppm. The experi-
mental lots of cucumbers together with a
matched control salt series §WIth0Ut added
enzyme) were incubated at 30° C. Cucum-
ber ‘firmness in pounds was recorded for the
10 ppm level of 46 AP enzyme and 1 me
level of the PG enzyme after 1-week incuba-
tion and for all treatments after one-month
incubation (Table 1, top-half). The firm-
ness values for the control cucumber sam-
ples ranged from 14.3 to 14.7 (av 14.5); no
change in firmness was demonstrated by in-
creasing the salt concentration alone. " For
the added enzyme treatments, the cucumbers
from the higher salt levels gave higher firm-
ness readm?s. Cucumber “firmness for all
enzyme treatments without salt was less than
3 1n. Increasm%, levels of 46 AP pectinase
decreased the Tirmness of the cucumbers
within each salt concentration. An increase
of incubation time for the two enzyme treat-
ments (10 ppm of 46 AP and 10 Ppm of
PG) gave decreasing firmness of the cu-
cumbers within each Salt treatment. In com-
paring the action of pectinases from 2
sources, 1 ppm PG reduced cucumber firm-
ness in the same order of magnitude with
the different salt levels as did 10 ppm 46 AP
and at about the same rate. .

A second experiment was conducted in
1959 with double the number of salt con-
centration levels used in the experiment just
described. The 46 AP enzyme was used at
the same concentrations but the PG enzyme
level was reduced to 0.1 ppm. Cucumber
firmness values as shown in the lower part
of Table 1are the results of these tests.

In general, the results obtained for the
second experiment were in agreement with
those from the first. It was again demon-
strated that the use of increasingly higher

salt concentrations gave cprrespondmlgly
higher values for cucumber firmness. Also
an”increase in enzyme concentration resulted
in a decrease in “cucumber firmness at all
levels of salt concentration,

. The action of lpgm PG enzyme on the
firmness of cucumbers at different_salt
strengths calculated from the data in Table
1, is"presented in Figure 1 The rate of

100

80

60

40

FIRMNESS RETAINED — %

20+

ol
0

TIME. IN WEEKS
Fig. L Softening action of polygalacturonase
enz¥me (1 ppm) on Cucumbers at different salt con-
centrations (in"%).

enzyme action was very rapid at the lower
salt'levels and a higher degree of cucumber
firmness was retained at”the higher salt
concentrations after 4 weeks’ storage. How-
ever, it is emphasized that even with 16 to
20% salt the cucumbers lost 30% of their
initial firmness in 4 weeks.

Softening Activity of Pectinase from
Cell-Free Fungal Filtrates

Four fungi— Fusarium roseum, F. oxy-
sporum, F. solani and Ascochyta cucumis—
were among the 10 most frequently isolated
species from the cucumber plant {Cucumis
sativus _L.} and represented 27% of 1032
fungus isolations obtained by Etchells et al
(7). The 10 most frequentlyisolated species
were shown (7) to Produce pectinase and
to soften cucumber tissue in a 2.5% salt
brine acidified to pH 3.7. In_the current
stud¥, 1-ml amounts of a 1:10 dilution of the
cell-ree filtrate from 14-day growth in broth
from each of the above-named species were
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added to a series of 1ars of cucumbers con-
taining 0, 4, 8, 12, 16 and 20% salt. The
final concentration of funga,l filtrate per quart
jar of cucumbers and Drine was approxi-
mately 100 ppm. ,

The firmness values for the fungal filtrate
experiment after 1-month incubation at
30° C are presented in Table 2. The filtrates
of the 4 species reduced cucumber firmness
to a greater extent in the lower salt levels
than in the higher. These results were es-
sentially the same as those from the pectinase
enzyme experiments. If the data for the, ac-
tion of the fungi filtrates on cucumber firm-
ness (Table Z) are plotted together with
those for 10 ppm of pectinase 46 AP and
llppm PG,. it is apparent that there is little
ditference in the softening behavior of the
3 enzyme sources toward cucumber tissue
(Fig. "2). Further, the cucumbers retained

S~ 3

FIRMNESS IN LBS
o @
N
N\
\\\ ]
L\(

»— CONTROL
4 /’ A—— | PPM PG
2 — 10 PPM 46 AP
@— - FUNG! FILTRATES
O0 4 8 12 16 20 24
SODIUM CHLORIDE — % by wt.

Fig. 2. Softening action of pectinase enzymes on
cucumbers at different salt concentrations (in 9%.

more firmness as the salt strength was in-
creased. If the log of the salt concentration
is plotted against percent cucumber firmness
refained, a stral%ht line is obtained. This
suggests that pectinolytic softening is a first-
order reaction. Such’ data for pectinase 46
AP and the fungal filtrates are given in
Figure 3.

100+
B
" 8O- -
(o] ¢
w
=
< 60r -
[y
w
x
© 40- -
w |
Z
s 0—o0 PECTINASE , 46AP
z 20 oo FUNGI FILTRATES
— 1 1 1 L
% 4 8 12 16 20

SODIUM CHLORIDE-% by wt.

Fig. 3. Relationship of salt to pectinase activity
on cucumber firmness.

Salting-Out Enzymes

EnzYmes have the chemical structure and
?enera characteristics_assigned to proteins.
n the present study differént sources of the
pectinase enzz/_mes Wwere exposed to increas-
Ing concentrations of sodium chloride. Thus,
the mention of a few general characteristics
of enzymes, particularly their relation to
several salts, is in order to form a basis of

TABLE 2

Influence of Cell-Free

_ Fungal filtrate added 1 0
species Ito. Ib
Fusarium
F. rosciun C-653
F.oxysporum C-214 <3
F.solani C-775
Ascochyta cucumis C-1048
Averagle <3
Contro 144

Fungal Filtrates and Sodium Chloride Concen trations

Cucumber firmness 2
Sodium chloride concentration in %

4 8 2 16 20

Ib Ib Ib Ib Ib
9.0 98 113 123 129
41 8.5 114 127 122
44 Ll 9.6 113 128
6.7 8.9 9.2 10.7 122
6. 8.7 104 118 125
144 147 146 143 146

1Cell-free filtrate from 14-dav-old growth in White's mineral broth plus pectin. One ml of a
1:10 dilution of the filtrate added to edch quart jar of cucumbers.
" Pressure test readings were taken after 1-month incubation at 30° C.
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exPIa_natlon as to the influence of sodium
chloride on enzymatic softening of cucumber
tissue presented in this Baper.

Pallmann et al (19) observed that a num-
ber of chloride solutions activated pectinase;
maximum act|V|t¥ was obtained at 3.0 milli-
equivalents (0.017% Nad) regardless of
whether sodium or potassium chloride was
used. The presence of small amounts of salt
IS necessary for the solution of proteins or
enzymes in water, However, when increas-
ingly larger |£1uant|t|es of very soluble salts,
such as (NH4)2504 and Na3S04, and to
a lesser extent ' NaCl, MgS04 and K3P.04,
are added to enzyme solutions, the solubility
of the enzyme decreases gs, 18, 20). At
some definite salt concentration, the enzyme
is almost completely precipitated from solu-
tion, and this technique is used for enzyme
and protein isolation studies.

In_general, precipitation of an enzyme by
salt is' most complete at or near the Isoelec-
tric PH of the specific enzyme. This would
be at a pH value where the positive charges
would equal the negative with a net charge
of zero. "Under such conditions, the protein
or enzgr_ne would not migrate_in an electric
field. Dixon and Webb (3) give the follow-
ing general equation for enzyme solubility in
concentrated salt solutions: log S = B-KI,
where S is solubility, 1 is the ignic strength,
B and K constants. B deﬁends, greatly on
temperature and pH, but K is independent
of these factors. This equation tends to ex-
Plam the log relationship of salt concentra-
jon to per cent firmness of cucumbers as
reported in Figure 3 herein.

Relative Protection of Cucumber
Firmness Against Softening
Activity of Pectinase

In order to develop a relative rate of
pectinolytic softening of cucumbers, an over-
all cucumber firmness average at each salt
treatment was calculated; this required con-
sideration of the data in Tables 1 and 2.
The,avera?,es were made in terms of percent
retained firmness of the cucumbers and
plotted against the IoP of salt concentration
expressed as percent saturation of NaCl
T(degree_s salometer). Table 3 was prepared
rom this graph and is proposed to' be used

TABLE 3
Relative Pectinolytic Softening of Cucumbers
as Influenced by Increasing Salt
(NaC1) Concentrations

Se}lt . .
concentration Relative 1
salometer by wt i
degrees % %
<5 <13 >90
6 16 8
8 21 16
10 2.6 70
12 32 65
14 37 60
16 4.2 56
18 48 53
20 53 50
2 58 47
2 6.4 44
26 6.9 Y]
28 74 40
30 8.0 3
2 85 3%
34 9.0 34
36 95 2
3 101 30
40 106 29
42 111 28
4 117 26
46 122 5
48 127 2
0 132 23
5 138 2
o 143 A
5% 148 2
58 154 19
60 159 18
65 172 15
10 18. 12
>75 >19.8 <10
1Expressed as relative % loss of cucumber firm-

ness to be expected at different salt strengths by the
action of a constant pectinase level when compared
to non-enzyme-treated controls.

a3 a quide to estimate the i)rotec,tlve action
of various percentages of salt aqam,st soften-
ing enzyme activity. For example, if the pec-
tinase level was sufficiently high (= to 1 ppm
46 AP) and remained constant in 38° and
20° salometer fermentations, then the rela-
tive degree of pectinolytic softening expected
would be 30 and 50%, respectively, of origi-
nal cucumber firmness, indicating that cu-
cumbers brined at the lower brine strength
would be about 20% softer.
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A commermal cucumper fermentation usu-
y does not ave a fixed concentration of
sa ot er than at the time the vats are filled
headed and covered with brine. Brlnlnq
procedures, as a rule, provide for a ﬁradua
Increase 1 brine strength during the first
4 to 6 weeks after filling the vas.” It would
be difficult indeed to predict the softening
rate under such conditions other than t0
point out that the results of these experi-
ments mdmate decrease of pectinglytic
softening would be expected w ere h#%er
Initial brlne strengths were em\ﬁ orye ?
ever, r|n|ng roced ures ere_modified
{0 SU stantla mcrease the initial cover
bring, sugh Practlce would, aim ntioned
the Introduction, be att e ris mcreasmg
bl?ater formation (hollow cucum ersl) re-
sulting from a more gaseous Termentation.
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SUMMARY

The work herein presented demonstrates clearly that ionizing energy, in relative!}'
large amounts, has a measurable effect on peroxidase “in situ.” However, even a
relatively small amount of heat can accomplish the same degree of destruction. There
appears to be no advantage to be gained in the order of application of the two types
of energy. Thus, for any practical purposes, insofar as enzymes are concerned, there
appears to be no practical advantage to be gained by the application of ionizing
energy to plant materials which are to be heat-blanched. Conversely, if plant materials
are to be sterilized by radiation treatment, a heat blanch is still required, the degree
of which is not markedly affected by sterilizing doses of ionizing radiations.

It is well established that ionizing energy,
via indir _(it actlon,_lnagtl,thes enzyme sys-
tems In dilute solution _alrx readﬂ{. How-
ever, enzym‘e_ systems in_their natural en-
vironment, “In Sjtu,” are far more resistant,
belng profected from free radicals and acti-
vated molecule reactions by the many other
solutes that are present in“foods, which are
complex systems (1). Since it is well estab-
lished that' enzymes In natural food materials
must be inactivated prior to further process-
Ing in order to store well, and since Tonizing
energy has little effect on enzyme s¥stems,

In Situ,” one of us, In 1951 ugges ed the
possible use of electronic heating Tor enzyme
|nact|vat(|<las1 In-conjunction With ionizing
ener .

S!%%_e 1951, we have conducted several
preliminary studigs on the subject of the
complementary effects of therma and ioniz-
In ,en_erg on enz%/me systems “In sjtu,
Prelimindfy unpublished data derived from
these studies indjcated the desirability of a
more comprehensive study on an enzyme sys-

*Presented at the Twentieth Annual Meeting of
the Institute of Food Technologists, May 17, 1960,
San Francisco, California.

b Contribution No 402, Department of Nutrition,
Food Science and Technology, M.L.T.

¢cNow at the Quartermaster Food and Container
Institute for the Armed Forces.
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tern “in situ.” The present paper reports

?uch a study: namely, the effects of the two

b%ranr?S of energy on peroxidase In green
S.

Materials and E xperimental
Procedures

A large quantity of fresh green beans obtained
from a local farm were thoroughly washed and
snapped. They were then ground in a meat grinder,
blended to a fine uniform slurry, thoroughly mixed,
packaged and frozen.

Suitable quantities were removed from the freezer
as needed, thawed, and 30-g portions transferred
into 4x 9-inch polyethylene packets, rolled to a
thickness of 2.5 mm, heat-sealed, and held at 36° F
to 40° F until given a heat and/or irradiation treat-
ment. Samples were held no longer than 4 hr.

Following treatment, the samples w'ere assayed
for peroxidase activity by a modification of the
method of Sumner and Gjessing

Samples were exposed to 800 KYP electrons
from a Resonant Transformer either prior to or
following beating in a water bath thermostatically
controlled at 140° F. Immediately following heat-
ing, the samples were immersed in ice water. The
thickness of 2.5 mm of sample is sufficiently small
to permit a fairly uniform radiation dose, as well
as a fairly rapid heat transfer.

Doses of 0.5, 1.0, 2.0, and 3.0 megarep were used.
Heating was for periods of 3, 6, 9, and 15 min at
140° F.

Two runs were made for each variable and 4
replicates made for each run. For example, with a
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pre-irradiation dose of 0.5 megarep, 4 control sam-
ples were assayed, as well as 4 samples heated fol-
lowing irradiation for 3 min, 4 at 6 min, 4 at 9 min,
and 4 at 15 min as well as corresponding non-
irradiated controls at all heating periods. Each run,
such as that described, was repeated twice. Average
values are presented.

In order to point up the quantity of data pre-
sented herewith in summary form, some idea of the
numbers of samples assayed may be helpful. Some
200 samples were assayed in a comhination of heat-
ing and irradiation.

Results and Discussion

The data obtained are summarized in

TabIe 1In terms of either Irradiating first
or eatlnq first. Each figure represents the
avera e Of 8 assays,

fu e 1shows thg retention of peromdase
8 a unctlon of ra |at|on ose for varlous
levels of heating. Similar patterns of reten-
tion were obtalned Indepen ntlyo the order
of application of the twot ypes of energy.
Figure 2 presents data on the retention of
peroXidase as a function of heating time for

0 HEATING PRIOR TO IRRADIATION

EFFECTS OF HEAT, RADIATION ON PEROXIDASE

TABLE 1

Average Retention of Peroxidase in Green
eans Treated by Thermal and
lonizing E nergy

Heatafl;{gs‘ Dose (Rep X 10:)
e 05 10 20 30
(mm)
07 100 %42 858 778 752
3 96 82 732 635 508
6 825 740 628 547 496
9 690 51 530 453 409
15 445 368 331 263 236
Irradiate
First
0 100 966 929 868 836
3 898 848 759 672 620
6 752 697 640 562 498
9 612 562 512 445 402
15 394 347 326 210 237

d|fferent irradiation doses. Again, the data

In ||cate no marked effect in“the order of
Ication.

An inspection of the data

Fresented in
Figures 1 and 2 indicated, qua

itatively, no

IRRADIATION PRIOR TO HEATING

0 T
90 . .
5o CONTROL CONTROL |
3 MIN.
70 IMIN. .
HEATING HEATING
60 6 MIN. -
6 MIN ,
- HEATING HEATING
S 50— 4 F .
= 9 MIN. 9 MIN.
= HEATING HEATING
40 . ]
[FU]
[0
w
92 30 4 L
o 15 MIN.
a 15 MIN.
S HEATING HEATING
(@]
[0 e
wl
& 20t 4L B
*
(O] | 1 | [ | l
0 | 2 3 0 | 2 3

DOSE (REP x 107°)

DOSE (REP x 10°8)

Fig. 1. Combined effect of heat and irradiation On the inactivation of peroxidase in green beans. Re-

tention of peroxidase as a function of radiation dose.
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’OOHEATING PRIOR TO IRRADIATION IRRADIATION PRIOR TO HEATING
T T T I T | % ; T I

=2
s} . -
’_
z CONTROL CONTROL
" 5 REP | N
W 5:'0 REP 5 x10°REP
L(;)J 10 REP '06 REP
g | 6 ReP |
S 2x10° REP 2x10°REP
o 3xI0°REP 3x 10°REP
w
a 20_ _ | —
X
|0 | | | | | | | | | |
0 3 6 9 12 15 0O 3 6 9 12 15
HEATING TIME (MIN) HEATING TIME (MIN)

Fig. 2. Comhbined effect of heat and irradiation on the inactivation of peroxidase in green beans. Re-
tention of peroxidase as a function of heating time.

marked effect due fo the order of application Instead the data in Table 1 were then
of the two types of enerrgy P d (Fig. 3) using, as the X-coordinate,
Because Of the observed deviation from the retentlon of peroxidase foraglven tluan-
linearity (non-first order reaction), a direct tity of energy, with heating alministered
comparison of the slopes of the” retention Prlor to irradiation; and using as the Y-axis,
curves could not be made, he retention for the same quantity of energy
with irradiation applied prior to eatlngI

L e S e A regression analysis on the resulting
Y0361 X 219 . A correlation curve was then made.
ACTUAL | t h d
801y 11000 X ~0.00 s The hypothesis that there is no difference
. THEORETICAL——— 7 ue to t e order of agﬁllcatlon of the tw (i
T ol _ npeso energycorresp s to the theoretica
% In Figure'3, (slope 45°).

Visual mspectlon |nd|cated that the initial
- . hypothesis was true The differen etween
t actual (1.0361) regression coe iclent and

?redlcted one (1 0). was shown statis-
tlca n?u 0.38) o be |n3|gn|f|cant at any

(Y) IRRADIATION APPLIED FIRST
(RETENTION %)

L meartingful level, usmg the tollowing:
0”7 20 40 60 80 100
(X) HEAT APPLIED FIRST (RETENTION %) t=JVIA M 2 (X -X ) 2
Fig. 3. Correlation of peroxidase retention as a | 2e2

function of order of application of ionizing energy
and thermal energy.
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where: /0= hypothetical slope (45°)

b = errors present due to unknown,
uncontrollable variables (see
below)

n = number of observations

2e2=2" [Y.-a-bX,]2
|.

where : a = intercept on Y-axis
b = slope of regression ling
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