

















series. It should be emphasized that the figures given for amounts
of cleaner required are only valid for the experimental pipe line
studied in this investigation. The outlay of the creamery made it
very easy to include the holding vat and pasteurizer in the circu=~
lation cleaning operation. This would not be necessarily true in
other installations. In general, analysis of coste of cleaning
materials ahows very little difference between the cleaning methods
used in Series I and Series II.

Comparison of the costs and amounte of sanitizing materials
used in Series I and Series II shows that the cost and amount of
sanitizer used in Series II was slightly less than that used in
Series I. No valid comparison can be made, however, because of
the fact that hot water was used on approximately one~third of
the runs made in Series II whereas chlorine was the only san~
itizing agent used in Series I. If only chlorine had been used
in both series, the amounts and costs of sanitizer required would
have been exactly the same for both series. This would have been
true because the lines were sanitized in exactly the same manner
in so far as chlorine was concerned.

5. Durability and condition of pipe

Table 8 gives the results of the visual inspections made on

the experimental pipe lines used in Series I and Series II. In so

far as physical wear ie concerned, these results bear out the fact
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the pipe generally receives rather rough treatment as the process
of daily disassembly, cleaning, and reassembly is carried through.
Examination of the line at the beginning and end of Series II in-
dicated that there had been no additional physical wear on the line
during the duration of that particular periocd of time. It seems
reasonable to say that the in-place cleaning procedures, as em=~
ployed in Series 1I, were definitely advantageous from the stand-
point of physical wear and strain on the experimental pipe line.
Comparison of the results of soil and milkstone build up shows no
measurable difference between the two cleaning methods employed.
In general, the visual inspections made indicate that eirculation
cleaning methods are equally as satisfactory or possibly more sat-
isfactory than daily disassembly cleaning procedures from the
standpoint of durability and condition of the pipe itself,

B. Recomendations

In the concluding section of the discussion of results observed
in this investigation, the investigator would like to make the fol-
lowing recommendations concerning the cleaning and sanitizing of in-
place pipe line installations:

1, Be especially careful in picking the men who are respon-
sible for the cleaning operation. Use of in-place cleaning methods
required a considerably smaller number of men than would be re-
quired for daily disassembly methods. However, if effective results
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are to be obtained using in-place cleaning procedures, the vari-
ous factors such sc temperatures, lengths of time, and amounts of
cleaner, must be strictly and carefully adhered to. Such pro-
cedures necessitate the employment of capable operators for the
cleaning operation,

2. All lines should be completely dismantled and cleaned
thoroughly by hand at least once each week, or possibly twice
within every ten-day period. Such action is recommended in spite
of the fact that excellent results were obtained for the pipe line
under study, without dismantling the line at all. To be on the
safe side, it is felt that a careful periocdic hand cleaning of
the line is desirable. Such action would increase the labor cost
of in-place methods by approximately 25 per cent.

3. Be sure that the pump or pumps, which are used to force
the cleaning solutions through the lines, have sufficient capacity
to completely fill the pipe line while circulation is in progress.
Although no apparent difficulty was experienced with the pumps
used in this investigation, it is felt that such a point should be
given extra emphasis.

L« All sections of the pipe line should be pitched so that
they will drain properly.

5. Be sure that all sections of the pipe line are properly
supported and that all connections are tight so as to minimize

vibration from the pumps.
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6. Clean all sections of the pipe line with an acid cleaner
once weekly. Although acid cleaner was used twice weekly in
Series II, it is felt that once weekly would be sufficient pro-
viding all other portions of the cleaning procedures recommended

for in-place cleaning are properly carried out.
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CONCLUSIONS

This study of the cleaning and sanitizing of the sanitary milk
pipe line installation at the Virginia Polytechnic Institute, by
means of both daily disassembly procedures and in-place cleaning
methods, led to the following conclusions:

1. The data obtained indicate that the raw milk section of
the experimental pipe line studied in this investigation can be
cleaned very satisfactorily by circulation or in-place cleaning
procedures in sc far as bacteria quality of the finished preduct
is concerned.

2. The data obtained also indicate that the pasteurized milk
section of the experimental pipe line studied in this investigation
can be claned satisfactorily by means of circulation or in-place
cleaning procedures in so far as bacteria quality is concerned.

3., The data obtained indicate that there was very little
difference between the two cleaning methods in so far as their
effect on sanitizing efficiency was concerned,

L4+ Calculation of the lsbor costs required for the two metheds
of cleaning shows that the circulation or in-place method of clean-
ing is definitely superior to daily disassembly cleaning methods.

5. Comparison of the amounts and costs of cleaning and sani-

tizing materiels required for the two cleaning methods indicates



that in so far as the experimental pipe line studied in this in-
vestigation is concerned, there was very little difference between
the two cleaning methods.

6. The results observed indicate that circulation cleaning
methods are definitely more favorable than daily disassembly
methods from the standpoint of physical wear on the pipe line.



-T2

Vi
SUMMARY

The primary purpose of this investigation was to attempt to
determine whether or not the sanitary pipe line installation of
the Virginia Polytechnic Institute creamery, composed of ordinary
steinless steel, could be satisfactorily cleaned by circulation
cleaning procedures as opposed to daily disassembly of the entire
pipe line. To facilitate such & determination, two experimental
periods of approximately thirty days each in duration were set up.
In the first period the experimental pipe line was subjected to
complete daily disassembly cleaning procedures. That is, each
section of the line was disassembled, cleaned individually, and
reassembled. In the second period the experimental line was sub=-
jected to in-place cleaning procedures. That is, the line was
left coumpletely intact and cleaning was accomplished by meens of
forced circulation of cleaning solutions in a manner comparable to
the way the milk is forced through the line. The cleaning methods
used in the second period necessitated the use of an acid cleaning
solution twice weekly. Sanitizing in the first period was accom-
plished by the use of a chlorine rinse before use and in the second
period beth chlorine and hot water at 180 °F were used. The ex-
perimental installations consisted of fifty-six feet of raw milk
line and twelve and one~half feet of pasteurized milk line.



Included within the scope of the line was a holding vat and one
pasteurizer.

Samples of milk were taken from the inlets and cutlets of
both the raw and pasteurized milk sections of the experimental
pipe line. These sanples were examined for standard plate count
and coliform count according to regulations as set forth in
Standard Methods for the Examination of Dairy Products (Ninth
rdition). likewise, determinations were made for sanitizing
efficiency in the two methods of cleaning by means of determina-
tion of the part per million of available chlorine before and
after sanitizing.

Records were kept on the amount of time required tc clean
the pipe line, and the costs and amounts of cleaner and sanitizer
required. Visual inspections of the line for physical wear and
soil and milkstone build up were made.

The results obtained show that there was no measurable pick-
up of bacterla in the experimental line due to the use of in-place
or circulation cleaning precedures. This was true for both the
raw milk section and pasteurized milk section of the line. Like~
wise, it was found that in-place cleaning did not have an in-
hibiting effect on the sanitizing efficiency for the pipe line

studied.



The records kept indicate that a considerable saving in lzbor
costs was effected by the use of circulation cleaning methods.
Further examination of the costs and amounts of cleaner and san~
itizer required shows very little difference between costs for
materials in either type of cleaning procedure. Finally, visual
inspections of the line indicated a definite superiority for cir-
culation cleaning methods.,

Under the conditions of this study it was found that the con~
ventional stainless steel line, already in use in the Virginia
Polytechnic Institute creamery, could be cleaned by in-place or
circulation cleaning procedures with results that were very satis-
factory both from the standpoint of bacteria quality of the proc-
essed products and also from the standpeoint of economical expend~

iture of operation.
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APPENDIX A

Tables of Statistical Analysis



Table 11

Analysis of Variance of the Differences Between

Plate Count at the Inlet and Qutlet of the

Baw Milk Line in Series I

Degrees Sum M
Source of Variation of of 8 i F
Freedom Squares e
Between Inlet and x
Qutlet of Line 1 20,87 20,87 0,249
Between Runs 19 5,053.64 265.98 3,170%*
Error 19 1,582.67 83.30

Total 39 6,657.18

X jot eignificant
XX slightly significant



Table 12

Analysis of Variance of the Differences Between

Pasteurized Milk Line in Series I

Degrees Sum ¥
Source of Variation of of houn F
Freedom Squares Square

Between Inlet and

Outlet of Line 1 21272 21272 L3S
Between Runs 19 114,564 6,029 2.7
Error 19 49,02 2.586

Total 39 148.878

XX slightly significant



Table 13

Analysis of Variance of the Differences Between

Coliform Counts at the Inlet and Qutlet of
the Raw Milk Line in Series I

Degrees Sum

Mean
Scurce of Variation . rzidom Sq::’re : Square F
Eitﬁi“o?ﬁif“’ 1 12,6675 12,6675  1.39%
Between Runs 19 250.1029  13.1633  l.uX
Error I 19 172.9862 9.1045

Total 39 135.7566

X Not significant



Table 14

Analysis of Variance of the Differences in Parts

Per Million of Available Chlorine Before and

After Sanitizing in Series I

Degrees Sum
Source of Variation of of Hean
Freedom Squares Square
Between Before and
After Sanitizing 1 903 903,00 26,5°%
Between Runs 19 76,528 4,133.05 121,3%%X
Error 19 6L7 34.05
Total 39 80,078

X 1ighly significant
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Table 15

Analysis of Variance of the Differences Between

Plate Count at the Inlet and Cutlet of the

Rew Milk Line in Series II

Degrees Sum

Mean
Source of Variation . rgid - sq;ﬁr . Square F
g::;:tmomem 1 30,6196  30.6196  2.68F
Between Runs 22 410,153  410,1534 35.78
Error 22 245.2147  1l.4612

Total 45 9,299.2107

X Not significent
XXX yighly significant



Table 16

Analysis of Veriance of the Differences Between

Plate Count at the Inlel and Qutlet of the

Pasteurized Milk Line in Series II

Degrees Sum
Source of Variation of of Mean F
Freedom Squares Square
Between Inlet and x
Outlet of Line 1 L.8L76 L8476 1.66
Between Runs 22 119.8837 5.4492  1.86%
Error 22 6L2561 29207
Total 45 188.587)

- Not significant



Table 17

Analysis of Variance of the Differences in Parts

Per Million of Available Chlorine Before and

After Sanitizing in Series II

Degress Sum

Source of Variation of of He::a F
Freedom  Squares  S4¢

Between Before and

After Senitizing 1 2,473.4  2,473.40 83,05
Between Runs 16 2,194.0 137.13 L 60%%
Error 16 1}76.6 29.78

Total 33 5,144.0

XX slightly significant
XXX Highly significant
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SUPPLEMENTARY STUDY



A Brief Analysis of the Possibilities

of Using Pyrex Glass Tubing
in Milk Pipe Lines

A+ Introduction

The introduction of pyrex glass tubing to the dairy industry
was largely brought about by the shortage of stainless steel dur-
ing the war years of 1941 to 1247. According to Sheuring and
Henderson (24) glass has the advantages of belng corrosive re-
sistant, transparent, and light in weight. (lass will not;.con-
taminate fluids, can be used over a wide range of temperatures,
and possesses hard, smooth surfaces which have poor adhesion
characteristics for most fluids. They further state that at the
present time there are more than forty commercial and college
dairy plants in the country using permanent glass pipe lines.
These lines are being used for raw cold milk, cold pasteurized
milk, hot pasteurized milk, ice cream mix, skim milk, and whey.

Although it seems as though there has been quite a bit of
work done with pyrex glass tubing, no great wealth of material has
been published upon the subject. Therefore, to inform the dairy
plant operators in Virginia, in particular, it was felt that a
study of glass sanitary pipe line would be well justified. It was
also felt that such a study would form a desirable supplement to
data presented in the main body of this thesis. In accordance



with such a belief such a study was begun and the ensuing pages
present & preliminary analysis of the results obtained up to the
time of the final drafting of this thesis. It is expected that
this experimentation on pyrex glass will be carried on for sev-
eral months.

Bs Methods and Procedures

1. Description of line

The experimental pipe line being used in this study was set
up to follow exactly the same route as the line used in Series I
and Series II as described in the main body of the thesis. The
only major change in the line consisted of the installation of
pyrex glass pipes at certain points along the pipe line. In the
raw milk section of the line, glass tubing was inserted at the
pump connected tc the receiving tank on the first floor of the
creamery and extended a length of approximately twenty-six feet
up to the holding vat on the second floor. This section corres-
ponds roughtly to the distance between A and B in Figure 1. The
remainder of the raw milk line extending from the holding vat to
the pasteurizer consisted of conventional stainless steel pipe.
In the pasteurized section of the experimental line, glass tubing
extended from the pasteurizer to a valve located about three feet
from the surface cooler. This was a distance of approximately
twelve and one~half feet. This section correspends roughly to
the distance between D and E in Figure 1l.



The glass tubing installed for this study was one and one-
half inches in diameter. All connections of glass to glass were
made by means of special flange sets with pure sulphur-free gum
rubber gaskets inserted between the pieces of tubing. The out-
lay of the experimental imstallaticn required the conneetion of
glass to stainless steel at several points. These connections
were made by means of Ne. 10 IX adapters made especially for that
purpese. In so far as was possible, 2ll sections of the line were
supported by hangers to alleviate strain on the glass connections.
All fittings on the glass section of the line were standard glaess
tees and elbows.

2. Cleaning and sanitizing methods

The cleaning and sanitizing methods used in this study of
glass tubing are the same as those used for Series II in the main
body of this thesis. This line was cleaned from the viewpoint of -
a permanent installation as was the experimental line in Series II.
The line was left completely intact and the same temperatures,
amounts and types of cleaners, and lengthe of time were utilized
as for the circulation methods used in Series II.

3. Bacterial quality of processed milk

Bacterial quality of determinations, in the form of standard

plate counts and coliform counts, were made in exactly the same

manner as for Series I and Series II. Samples were again taken
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at five different points along the experimental pipe line. A
slight change was made in the procedure of taking samples in
that sample B was considered the outlet of the raw milk line
in so far as the glass tubing was concerned. Thie was slight~
ly different from the procedure observed for Series I and
Series II. In these two series sample C was considered the
outlet of the raw milk line.
L. Labor costs and material costs of cleaning and
sanitizing, and sanitizing efficiency
Data concerned with the labor and material costs of clean~
ing and sanitizing were collected in the same manner as for
Series I and Series II in the main body of this thesis. Deter=-
minations of sanitizing efficiency were made in the same manner
as for the two series included in the main body of this thesis.
5. Burabj.lity and condition of pipe
Visual inspections were made and results were recorded as
for Series I and Series II.
6. Initial cost of pipe line
The cost of the glass pipe line was calcula_t.od from pre-
vailing msrket quotations and compared with the corresponding
price for stainless steel, Costs were figured on the basis that
the entire line was composed of glass.



C. Results
1. Beacterial quality of pﬁcaaaﬁ milk

The results of the standard plate counts for the raw and
pasteurized milk pipe lines examined in thies supplementary study
are found in Table 18, The largest increase of bacteria/ml. be-
tween the inlet and outlet of the raw milk line was found to be
900 bacteria/ml, The largest increase of bacteria/ml. between
the inlet and outlet of the pasteurized milk line was found to
be 180 bacteria/ml. The average plete count at the inlet and
outlet of the raw milk line was 3525 bacteria/ml,, and 3867
bacteria/ml., respectively. Statistical analysis shows that
the differences between plate counts at the inlet and outlet of
the raw milk line were elightly significent. The average plate
count at the inlet and cutlet of the pasteurized milk line was
13 bacteria/ml., and 30 bacteria/ml., respectively. Statistical
analysis shows that the differences between plate counts ai the
inlet and outlet of the pasteurized milk line were not sig-
nificant.

Results of the coliform counts made at the inlet and outlet
of the raw and pasteurized milk lines are given in Table 19.
The largest increase between coliform counts at the inlet and
outlet of the raw milk line was 10 coliforms/ml. occurring two
times. The coliform counts on the pasteurized milk line remained



negative with the exception of one run in which the count in-
creased from zero to ten coliforms/ml. The average coliform
count at the inlet and outlet of the raw milk line was 18
coliforms/ml,, and 20 coliforms/ml., respectively. The average
coliform count at the inlet and cutlet of the pasteurized milk
line was sero and less then one coliform/ml. No statistical
analysis 1s recuired te note that the differences between coli=-
form counts at the inlet and outlet of both the raw and pas-
teurized milk lines, are not significent.
2. Sanitiging efficiency

The results of the determinations of the parts per million
of available chlorine before and after sanitizing are given in
Table 20. The greatest loss of parts per million of available
chlorine on any single run was 20 parts per million. Such a
loss occurred on two runs. The loss on the remaining runs
ranged from zero to ten parts per million. The average avail-
gble chlorine strengths before and after sanitizing were 195
parts per millicn and 185 parts per million, respectively.
Statistical anslysis shows that the differences between the
parts per million of available chlorine before and after san~

itizing were significant.
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3. Labor costs, material cost of cleaning and
sanitizing, and durability of pipe
The data on these determinations are, of course, incomplete
because the worl reported here represente only the first portion
of the study. However, it is to be cxpected that labor and ma-
terial cost should be the same as for Series II since the same
cleaning methcds and procedures are used. In so far as the
durability of the pipe is concerned, no damage has yet occurred
to the line. Likewise, no visible scil or milkstone build up
has been noted.
L. Initizl cost of pipe line
The cost of the glass pipe, as figured for the entire in-
stallation, was $115.60. The cost of the fittings required was
$238,38. The total cost of the line was $353.98.
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Table 18

Standard Plate Counts for Samples Taken from

the Raw and Pasteurized Milk Pipe Lines Used

in Supplementary Study on Pyrex Glass Lines

Run Raw Milk Line Pasteurized Milk Line
Inlet Outlet Inlet Outlet
1 3400 3800 20 200
2 2000 1900 0 0
3 6400 6500 20 20
IR 1400 1800 0 0
5 2100 2000 10 10
6 4000 4800 30 50
7 2600 3300 10 10
8 3500 3800 0 0
9 4900 5800 L0 50
10 2200 2300 30 30
11 7000 7300 0 0
12 2800 3100 0 0
Average 3525 3867 13 31




Teble 19

Coliform Counts for Samples Taken from the Raw

and Pasteurized Milk Pipe Lines Used in

Supplementary Study on Pyrex Glass Lines

Run Raw Nilk Line Pasteurized Hilk Line
Inlet Cutlet Inlet Outlet
1 20 20 0 0
2 0 0 (s} 10
3 10 10 0 0
L 40 50 0 0
5 10 20 0 0
6 10 10 0 0
7 0 0 (s} 0
8 30 30 0 0
9 0 10 4] 0
10 20 20 Q 0
11 50 50 0 0
12 30 30 0 0
Average 13 20 0 0.8
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Table 20

Parts Per Million of Available Chlorine in

Sanitizing Solutions in Supplementary
Study on Pyrex Glass Lines

Before After

Run Cireulation Circulation Difference
1 190 120 -10
2 200 200 0
3 210 200 -10
L 190 170 =20
5 180 170 -10
6 200 190 -10
7 190 180 =10
8 190 170 20
9 200 150 10
10 200 1 «10
1 210 210 0
12 180 170 <10

Average 195 185 10




D. Discussion of Results

1, Bacterial quality of processed milk

The results given in Table 18 show that the average plate
count at the inlet and outlet of the raw milk line, in this sup~
plementary study, was 3527 bacteria/ml., and 3867 bacteria/ml.,
respectively. These figures given an average difference of 340
bacteris/ml. betwsen the inlet and cutlet of the line. In order
to meke 2 comparison it was felt that the data obtained for
stainless steel in Series II of the main body of the thesis,
could be utilized. These data were cbtained under 'i'.ha same con=-
ditions as those which prevailed for the glass line. The only
difference was the type of tubing used. Using the data obtained
for Series II, it was found that the average difference between
the plate counts at the inlet and outlet of that series was 156
bacteria/ml. Therefore, a comparison of the average differences
shows that the counts taken on the raw milk section of the glass
line increased an average of 184 bacteria/ml. more than did the
counts on the stainless steel line in Series II. Although this
count seems to indicate a definite increase due to the use of
glass lines, it is a relatively small number when consideration
of allowable counts 1s made. It should also be emphasized that
the data obtained for the glass line represent only the pre-
liminary stages of the glass line study and later results may



show an entirely different picture. In comparing the results
on the raw milk sections of the glass and stainless steel, it
is worth while to note that the largest single increases in
count at the inlets and outlets of the lines were 1200 bac~
teria/ml. for stainless steel and 900 bacteria/ml. for the glass
line. Although neither of these counts is large, it is signif=-
icant to note that in sc far as individual variations were con-
cermed the glass line had a smaller count.

Statistical analysis shows thai the differences between
plate counte at the inlet and ocutlet of the raw milk section of
the glase line were only slightly significant. The validity of
such information seems questiocneble. It is felt that later
data may show the differences not to be significant and like-
wise the counts which were obtained were not very high when
speaking in terms of acceptable bacterial quality. In general,
the resulte obtained indicate that the raw milk section of the
glass pipe line, installed in the Virginia Folytechnic Institute
creamery, can be used with the expectancy of satisfactory re-
sults from the standpoint of bacterial quality in so far as
plate counts are concerned.

Results of the plate counts on the pasteurized section of
the glass pipe line are given in Table 18. The average plate
count at the inlet and outlet of the pasteurized section of
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the glass pipe line was 13 bacterisa/ml., and 31 bacteria/ml.,
respectively. These figures show an average increase of 18
bacteria/ml. The data cbtained for pasteurized milk in Series
II show an average differeace of three bacteria/ml, between the
inlet and outlet of the pasteurized line. Comparison of these
averages shows that the counts on the pasteurized section of the
glass line increased an average of 15 bacteria/ml. more than did
the pasteurized section of the stainless steel line in Series II.
In so far as averages are concerned, such results would not tend
to favor glass over stainless steel for use in pipe lines. This
does not necessarily mean that glass would not be satisfactory
for this purpose,

A comparison of the individual variations shows that the
largest single increase in plate count on the pasteurized section
of the glass line was 180 bacteria/ml, Likewise, the largest
eingle increase on the corresponding section of the stainless
steel line was 40 bacteria/ml. Although neither increase is
excessive and both are acceptable, it is worthwhile to note that
the largest single increase on the glass line wes more than four
times as large as the largest single increase on the stainless
steel line,

Statistical analysis shows that the differences between
plate counts at the inlet and ocutlet of the pasteurized milk
section of the glass pipe line were not significant.
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In general, the results obtained indicate that in so far
as plate counts are concerned, pyrex glass tubing can be used
for both the raw and pasteurized milk sections of the experi=-
mental pipe line studied in this investigation. However, the
results do not indicate that the glass line is more satisfactory
than stainless steel under the same conditions of cleaning and
sanitizing.

Examination of the data obtained for coliform counts indi-
cates that very satisfactory results were obtained for both the
raw snd pasteurized sections of the glass pipe line. The average
coliform count at the inlet and outlet of the raw milk line was
18 coliforms/ml., and 20 coliforms/ml., respectively. This gives
an average increase of two colifoms/ml. while similar data for
stainless steel in Series II show an average difference of cne
coliform/ml. Comparison of these figures shows very little to
choose from in so far as coliform counte on the raw milk line
are concerned. It is especially notable that in only two runs
did the coliform count increase at all. Comparison of individual
increases of coliform count on the raw milk sections of the two
lines indicates a more favorable reaction toward glass lines.

Comparison of the coliform counts on the pasteurized milk
sections of the two lines shows that both types of pipe lines

were very satisfactory in that such counts remained negative
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throughout with the exception of one run on the glase line in
which the count increased from zero to ten coliforms/ml.

In general, the results cbtained indicate that glass lines
are acceptable from the standpoint of coliform counts, but that
glass is not superior to stainless steel in this respect.

It should be noted that on two occasions outbreaks of coli-
form and bacteria counts were found with the glass line. However,
this trouble was traced to a valve from which samples were being
teken and the trouble was easily eliminated.

2. Sanitizing efficiency

In general, the results ocbtained for parts per million of
available chlorine before and after sanitizing the glass pipe
line, are in pretty close harmony with the results obtained
under similar conditions with stainless steel. (Comparison of
the exact figures shows that the average loss of parts per
million of available chleorine in Series II was 17 parts per
million. The average loss with the glass pipe line was 10 parts
per million. Such a difference would tend to indicate that the
glass lines had 2 little less organic matier left in them when
compared to the stainless steel line.

Actually, there is very little difference between the two
typee of lines in sanitizing efficiency when comparing the losses
with standards agreed upon by most cleaning experts. That is, a



loss of 50 parts per million is still considered to be satis~
factory.
3+ Labor costs, cleaning materiel cost, and
visual inspections of pipe line

As has already been stated, the results reperted in this
supplementary study represent only the beginning of the study
on glass lines and, therefore, no complete set of figures is
available for comparing labor and material costs with those
for stainless steel. Those costs should be approximately the
same as for Series IT for the same length of time. This is
true because the same cleaning procedures were used in both ih-
stances. As for visual inspection of the line, the only thing
that can be said is that no breakage of the glass line has yet
occurred and no soil build up or milkstone build up have been
cbserved,

4o Initial cost of pipe line

The total cost of the stainless steel line used in Series II
was $434.35. The total cost of the glass line was $353.98. This
indicates that glass is less expensive than stainless steel on
initial installations,

It should be emphasized again that the results obtained for
the glass line are of a preliminery nature and do not necessarily

represent a true picture of the over-all situation,



=105

E. Conclusions

This supplementary study, using pyrex glass tubing as a sub-
stitute for stainless steel in the sanitary pipe line installation
of the Virginia Polytechnic Institute creamery, led to the follow-
ing conclusionss

1. The results obtained indicate that pyrex glass tub-
ing can be used with satisfactory results in so far as bacterial
quality is concerned. This is true for both raw and pasteurized
lines.

2. The results cbtained do not indicate that‘pyrex
glass tubing is more desirable than stainless steel tubing.

3. The results obtained show no measurable differ=~
ence between the two types of pipe line material in so far as
sanitizing efficiency is concerned.

L. The calculation of pipe line costs seems to in-
dicate that change-cver from stainless steel tec glass would not
be particularly advantageous. However, an initial installation
using pyrex glass would seem Lo be satisfactory.



Tables of Statistical Analysis



Analysis of Variance of the Differences in Plate
Count at the Inlet and Outlet of the Raw Milk

Table 21

Section of the Pyrex Glass Pipe Line

Degrees Sum Mean
Source of Variation of of = F
Freedom Squares Square
Between Inlet and
Outlet of Line 1 A 41,00 10.02**
Between Rune 1 4,620 420.00 102,6°%
Error 11 L5 L9
Total 23 4,706

*X slightly significant

XXX Highly significant
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Table 22

Analysis of Variance of the Differences Between Plate

Count at the Inlet and Qutlet of the Pasteurized Milk

Section of the Pyrex Glass Pipe Line

' Degrees Sum Mean
Source of Variation of of F
Freedom Squares Square

Between Inlet and

Outlet of Line 1 6.0 6.00 2,090%
Between Runs 11 220.5 20,04 7.00631
Error 1 31.5 2.86

Total 23 258.0

* Not significant
XX slightly significant
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Table 23

Analysis of Variance of the Differences in Parts Per

Million of Available Chlorine Before and After

Sanitizing the Pyrex Gless Pipe Line

Degrees Sum

Source of Variation of of Kean F
Freedom Squares Square
Between the Beginning
and End of Sanitizing 1 360 360.0  9.00
Between Runs 1n 2,70  250.9 6.7
Error 11 440 40.0
Total 23 3,560

*X slightly significant



