STENSTROM AND WESTBROOK: BRIX-ACID RATIOS

113

A STUDY OF THE DEGREES BRIX AND BRIX-
ACID RATIOS OF GRAPEFRUIT UTILIZED
BY FLORIDA CITRUS PROCESSORS FOR
THE SEASONS 1952-53 THROUGH
1955-56

E. C. StenstrRoM AND G. F. WESTBROOK
Citrus & Vegetable Inspection Division
State Department of Agriculture
Winter Haven

In February of 1956, our Division was
asked by the citrus industry, through the
Quality Advisory Committee of the Florida
Canners’ Association, to supply such tabu-
lated data as we had available on the per-
centages of grapefruit utilized by citrus pro-
cessors which would meet various Brix and
ratio levels, The purpose of these data was to
furnish additional information to the Advisory
Committee on the availability of grapefruit
for processing into a frozen concentrate which
would be of a superior quality as compared to
that previously produced from fruit meeting
only basic maturity levels, At the time of the
request, we were able to tabulate only a
limited amount of data, takén entirely from
the months of February and March for the
past several seasons.” This' information was
made available to the industry without delay,
and was considered during the drafting of a
Florida Citrus Commission * regulation last
March, setting up minimum requirements for
grapefruit to be used in the production of
frozen concentrated grapefruit juice, which
were optional until September 1, 1956 (1).

During the summer of 1956, we tabulated
this same type information for each month of
the past four seasons. All information was ob-
tained from our inspectors’ work-sheets, which
are standard forms used for recording analyses
of loads of fruit received at processing plants.
For reasons of simplicity, loads rather than
boxes were used as the basic unit in this tab-
ulation. The analyses of the individual loads
were extracted and grouped in respective
Brix and ratio brackets as follows: Degrees
Brix—less than 9.0, 9.0 to 9.49, 9.5 to 9.99,

10.0 to 10.49, 10.5 to 10.99, and 11.0 degrees
and higher; and ratios—6.0 to 6.49 to 1, 6.5
to 6.99to 1, 70to 749 to 1, 7.5 to 7.99 to 1,
8.0to 849 to1,851t0899to 1, and 9.0to 1
and higher. Each month was tabulated indi-
vidually, and the percentages of loads falling
into each of the categories for that period were
calculated. The tabulations were drawn up so
as to represent fruit received by all major pro-
cessors, with each day’s receipts for the
months of October, November and June being
completely covered, and with each alternate
day’s receipts being tabulated for the heavy
six months of the processing season. In all,
more than 137,000 individual loads were tab-
ulated. Since this constitutes more than half
of all grapefruit received by all processing
plants during these seasons, statistical sample
variation is not a complicating factor,

The results of the tabulation of the 1952-53
through 1955-56 seasons are shown in Tables
1 through 4. The tabulation was to have in-
cluded the previous five seasons, but records
for 1951-52 had been partially destroyed, and
data were available for only the months of
February and March, Table 5 is a partial sum-
mary of Tables 1 through 4, showing the per-
centages of loads received at processing
plants which met certain selected minimums.

In addition to these especially compiled data
which indicate the percentages meeting vari-
ous Brix and ratio levels, our Division routine-
ly tabulates and distributes seasonal sum-
maries of percent citric acid and degrees Brix
by week-endings, including volume of move-
ment, for all fruit received at processing
plants (2). This information is available to all
segments of the citrus industry, and the tab-
ulated data will not be repeated here. How-
ever, these data have been averaged monthly
for the past five seasons and are graphically
illustrated in Fig. 1. This information is hence
a part of the present study, and it is from these
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data that we can determine what time of the
season the grapefruit utilized reaches its high-
est Brix level, together with appropriate ra-
tios,

A further bit of information is included
here, also. As a result of the optional com-
pliance provision of the regulation previously
mentioned, close records were maintained on
the fruit received for concentrating during the
period March 18 to July 1, 1956. Some 3700
loads were processed under this plan, and only
a negligible portion’failed to meet the mini-
mum Brix of 9.5 degrees, However, some 20%
were below the specified 7.5 to 1 ratio level,
principally because of inadequate screening
by fruit procurement departments, Neverthe-
less, the average ratio of the unsweetened
grapefruit concentrate packed during this
period was more than 9.0 to 1, as evidenced
by our inspection records (3).

In attempting to evaluate the factual in-
formation we have presented here, it is neces-
sary to make several assumptions: (1) That

weather conditions will be no more unusual
than those of the past five years. Hurricanes,
freezes, and droughts may seriously affect the
quality and movement of the grapefruit crop.
(2) That cultural practices will remain es-
sentially the same. Certain spray and other
cultural practices may cause additional vari-
ables. (8) That fruit will be harvested at
about the same periods as in the past. Changes
in fruit utilization intervals would be most
significant. .

As can be seen from the tables, there is
an ample supply of fruit meeting 9.5 degrees
Brix with a minimum of 7.5 to 1 ratio any
month from February through June. Since eva-
poration facilities are relatively idle during
February and March, it is convenient for pro-
cessors to concentrate grapefruit juice dur-
ing these two months. However, those desiring

" to pack unsweetened juice will find it much
less difficult if they can delay their operations
until April or May, for the percentage of 9.0
to 1 ratio fruit has risen sharply by that time,.
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TABIE 21 Percent of Loads Meeting Various DeBrees Brix=Ratio Combinations, Sesson 1953~5L
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TABLE 33 Percent of loads Meeting Various Degrees Brix-Ratio Combinations, Season 1954=55
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Percent of loads Meeting Various Degrees Brix-Ratio Combinationss.enson 1955-56
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STENSTROM AND WESTBROOK: BRIX-ACID RATIOS

and percentage-wise is more than four times
as great in May as in February. Now, it is
true that the bulk of the crop has normally
been harvested earlier (4), so fruit procure-
ment departments would have to arrange for
suitable supplies in advance with appropriate
picking dates.

In the interest of efficiency, if for no other
reason, it behooves concentrators to use fruit
with the highest Brix obtainable. From the
Brix-ratio graphs (Fig. 1) we can see that
this point has generally been reached in March
of each of the years studied. However, if
selected high Brix crops were held for an

Table 53

119

additional two months, sugar content would
remain rather constant while ratio would con-
tinue to increase (5). In practice, the econom-
ics of such a policy might be varable, of
course, and will not be considered here,
The real problem then, seems to be in ob-
taining fruit of suitable ratios, but this should
not be an insurmountable one. Those opera-
tors who control a major portion of their sup-
ply should keep a regular check on the de-
velopment of their blocks. Enough data
should be available to enable field production
men to project the probable ratio curve after
the first few months. Operators depending

Partial summary of tabulated data showing percentages meeting

certain minimum ratios at 9.5 degrees Brix level.

Percent of loads with 7.5 to 1 ratio

October November December Jamuary February March April May June

1955«56 19,2 21,9 27.9 25.3 Lo.7 S3.1 56.1 62,9 62,1
1954=55 13,7 16,9 22,7 2L.6 37.2 Ls.1  L6,2 57.9 6L.3
1952-53 9.1 26,5 31.7 25,0 32,9 Lo.3 Lk.3 LL.0  L0.3
Averages 12,1 21,6 27.5 26,1 39.1 47,0 51,1 56,0 53,0

Percent of loads with 8,0 to 1 ratio

October November December January February March April May June

1955-56 6.8 7.0 11,6 11.8 23,8 bk Lo.,2  L8.B L8k
195’-"‘55 h03 506 903 1207 2105 30-8 3303 b807 5802
Averages 3.9 8.6 12.8 13.4 23.3 31.3 38,2  L6.7 Ls.2

Percent of loads with 8,5 to 1 ratio

October November December January February March April May June

1955-56 2.6 2.2 L.9 5.0 11.2 21,2 26,9 348 3L.8
. 195)4'55 103 105 )J-l 6.13 909 1905 22.0 38.6 50.1‘
1953-5L 0.7 3.6 5.5 9.9 19,2 24,9 32,5 Lo.2 33,9
1952-53 0,6 s.h 7.4 6.1 9.0 12,6 25.8 32,9 -27.0
Averages 1.3 3.2 5.5 6.9 12,3 19.6 26,8 36,6 36,5

Percent of loads with 9,0 to 1 ratio

October November December January February March April May - June

1955-56 1—03 006 2-13 2:0 13.5 llao 16.7 2303 23.2
195455 O,k 0.5 1.9 3.5 4.9 11,6 13.3 29.h  Ll.1
1953-5L 0.3 1.k 2.3 L.8 11.0 16.9 23.7 321 27.7
1?52-53 0.1 2.1 3.1 3.2 L.l 6.9 17.3 26,1 20.4
Averages 0.5 1.2 2.4 3.4 6.1 1.6 17.8 27.7 28.1
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largely on purchased fruit will have to insist
on very rigid requirements as to acceptable
lots. In either case, field men will have to
know within very close limits the actual Brix
and ratio that may be expected before picking
crews move into a block for harvesting,
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DIACETYL PRODUCTION IN ORANGE JUICE BY
ORGANISMS GROWN IN A CONTINUOUS
CULTURE SYSTEM

Lroyp D. WiTTER
Metal Division, Research ¢ Development
Department
Continental Can Company, Inc.

Chicago, Illinois

INTRODUCTION

The development of an off-flavor and odor
during the manufacture of frozen orange juice
concentrate has resulted in severe economic
losses to a number of citrus concentrate pack-
ers. This off-flavor is reminiscent of “butter-
milk” and is a result of the accumulation of
diacetyl, a metabolic product of certain bac-
teria. Other than the work by Kilburn and
Tuthill (11), former studies on the growth
characteristics of these organisms and their
production of diacetyl in orange juice has been
limited to static batchwise cultures, Kilburn
and Tuthill (11) used the continuous culture
method to show the relationship between data
obtained by plate count, microsopic count, and
diacetyl analysis, and thereby validated the
use of the latter analysis as a quality control
tool in the citrus industry.

It was considered appropriate to supple-
ment this applied investigation with a more
basic approach to the characteristics involved
in the formation of diacetyl in orange juice in
a continuous culture system. This technique
manages a unique separation of the rate of
diacetyl production by a given organism from
that organism’s rate of growth. Batchwise in-
vestigations are necessarily a summation of

growth and metabolic product formation and
the latter cannot be studied separately.

In the continuous culture system the vessel
or fermentor in which the test organisms are
growing and forming metabolic products is
supplied with fresh sterile 1nedium at a con-
stant rate. A constant volume is maintained in
the fermentor by having an overflow rate that
is constant as well as equal to the input rate
of the fresh medium. By appropriate adjust-
ment of the flow rate through the fermentor,
a constant microbial population density of ac-
tively growing organisms can be maintained.
At this constant population the rate of product
formation can be studied without being af-
fected by variations in the number of or-
ganisms.

THEORY OF ProbpucT FORMATION IN A
ConTtiNnvous CULTURE SYSTEM

To assist the reader, the following nomen-
clature will be used in the development of

equations:
a=diacetyl concentration at time t (in
ppm.) v
a,= diacetyl concentration at zero time (in
p-pm.)
k = growth rate constant (in reciprocal
hours) :

k’'=reaction rate constant for diacetyl for-
mation (in p.p.m. formed per hour by
one million organisms per ml or a
population density of one.)

R = medium flow rate (in ml per hour)

t = time (in hours)

V == capacity of the fermentor (in ml)

x = bacterial population density at time t
(in million organisms per ml)




