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4. Costs and amounts of cleaning and .. n1tizing 

materials 

Table 9 gives a eummary of the coste and amounts of the clean­

ing and sanitizing materials required. tor ' the cleaning and. sani­

tizing procedures used in Series I and Series II. Comparison ot 

the coate and amounts of cleaner required tor the two seriee shows 

that approximately fifteen pounds of cleaner were required tor the 

pipe line alone 1n Series I. An additional 60 pounds ot cleaner 

were required tor cleaning the other pieces at equiPllent included 

in the installation. In Series II, only 30 pounds of cleaner were 

required for cleaning the entire installation including all pieces 

of oquiJlllent. Although it 10 impossible to determine enetly hOlf 

much cleaner vas required to clean the pipe alone in Series U, it 

1s significant to note that the cleaning methods used in Seriee II 

required les8 than half as much cleaner as was required for Series 

I to clean the entire installation. When comparina; the costs ot 

the cleaner required for the two series it i8 found that the in­

cluBion of the acid cleaner in Series II makes the cost ot cleaner 

in SerieB II �8�1�1�g�h�t�~� greater than the cost in Series I. However, 

it Se8mB quite possible that the number of times of using acid 

cleaner could be reduced fran twice weeIcq to once weekly thue 

cutting in hal! the anount of acid cleaner required. Such & change 

would make the cost of cleaner almost exactl¥ the SBlIlI tor both 
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eeriee. It should be emphasized. that the figures given tor amounts 

of cleaner required are only valid tor the experimental pipe line 

studied in this invest1,eatlon. The outlay ot the creamery made it 

very eaB,y to include the holding vat and pasteurizer in the circu­

lation cleaning operation. This would not be necessarily true in 

other installations. In general, ana~81s of coats of cleaning 

materials shows very little difference between the cleaning methods 

used in Series I and Series. II. 

Comparison ot the costs and. amoWlte of aanltldng materisl.s 

used in Series I and Series II show8 that the cost and amount of 

Sanitizer used in Series II was sllghtlr le.8 than that used in 

Series I. No valid comperleon can be made, however, because of 

the tact that hot water was used on approximately one-third. of 

the runs made in Seriss II whereas chlorine wae the onl¥ san­

itizing agent used. in Series I. If only chlorine had been used 

in both seriee, the amounts and costs of sanitizer required would 

have been exactl¥ the same for both series. This would have been 

true because the linea were sanitized in exactly the same manner 

in ISO far 88 chlorine was. concerned. 

5. Durabil1t7 ana conc!ition ot pipe 

Table 8 gives the results ot the vieual inspections made on 

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

far &8 physical wear ie concerned; these results bear out the tact 



-67-

the pipe generallr receives rather rough treatment as the proce5s 

of dail¥ di •••• -l¥, cleaning, and r .... _l¥ i. carried through. 

Examination of the line at the beginning and end of Series II in­

dicated that there had been no additional p~slc&l wear on the line 

during the duration of that particular period of time. It eeeme 

reasonable to say that the in-place cleaning procedures, as em­

ployed in Serie. II, were definitel¥ advantag.ous from the stand­

point of ph¥.ical. wear and .train on the experimental. pipe line. 

Comparison of the reeults of BOU and mUketone build up showl!! no 

measurable difference between the two cleaning methode employed. 

In general, the visual inspections made indicate that circulation 

cleaning method~ are equal.l¥ a.e eatlefacto17 or possibly more sat­

isfactory than dail¥ di.a •• embl¥ cleaning procedures from tho 

standpoint of durability and condition ot the pipe itself. 

B. Recammenda~ 

In the concluding section of the discussion of reeulte observed 

in this investigation, the investigator would like to make the fol­

lowing reeOlJlllendatlona concerning t~e cleating and sanit1zing of In'' 

place pipe line 1netBllationB' 

1. Be espec1al.l¥ careful in picking the men who ere respon­

sible tor the cleaning operation. Uee o.t in .. place cleaning methode 

required a considerably smaller number ot men than would be re­

quired for daily disassembly methode. However, it effective resulte 
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are to be obtained using In·place cleaning procedures, t he vari­

oue factors such as temperatures, l engths ot time, and amounts of 

cleaner, must be strict~ and caretulq adhered to. SUch pro­

cedures necessit ate t he emplo.y.ment of capable operators f or the 

cleaning operation. 

2. All lines should b. completely dismantled. and. cleaned. 

thoroughly by hand at l east once each week, or po881b~ twice 

within every t en-day period. Such action 18 recommended in spite 

of the tact that excellent results were obtained tor the pipe line 

under .tud¥, wit hout dismantling the line at all. To be on the 

oate o1de, it i. felt that " careful periodic hand cleaning of 

t he line 1s desirable. Such action would.. increase the labor cost 

of in-place met hods by approx1mateq 25 per cent. 

,. Be sure that the pump or pumps, which are used to torce 

the cleaning solutions through the lines, have eurficient capacity 

to completely t111 the p1pe line wh1le circulation 10 1n progr •••• 

Although no apparent difficulty wae experienced with the pumps 

used in this investigation, it ls telt that such a point should be 

given extra emphae1s . 

4. All sections of the pipe line should be pitched so that 

they will drein properly. 

5. Be sure that all sections or the pipe line are properly 

supported and that all connections are tight so as to minimize 

v1brat1on from the pump •• 
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6. Clean all sections ot the pipe line with an a.cld cleaner 

once wee~. Although acid cleaner was used twice weekly in 

Series II, it 1s telt that once ",eakly would be sutficient pro­

viding all other portions of the cl eaning procedures recommended 

for in- place eleaning are properly carried out. 
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V 

COiICLUSlO14S 

This .tudy of the cleaning and .anitizing of the .anitary milk 

pipe line in.tallation at the Virginia Po~technic Inetitute, b7 

means of both daily disaesembly procedures and in- place cleaning 

methods, led to the following concl usionst 

1 . The data obtained indicat e that the raw milk sect ion of 

the experimental pipe line studied in thi. inve.tigation can be 

cleaned ver,y satletactorllr by circulation or in-place cleaning 

procedures in 60 far as bacteria quality ot the finished product 

is concerned. 

2. The data obtained. also indicate that the pasteurized Diilk 

section of the experimental pipe line studied in this investigation 

can be claned satisfactorily by maM8 of circulation or in- place 

cleaning procedures in eo t ar 8S bacteria quality is concerned. 

J . The data obtained indicate that there wae very littl e 

difference between the two cleaning methode in eo tar a8 their 

effect on sanitizing efficiency was concerned. 

4. Calculation of the l.abor coats required tor the two methode 

of cleaning shows that the circulation or in- place method ot clean ... 

i08 is defin1te~ superior to d~ di.ae .... b~ cleaning method • • 

5. Caupari80n of the amounts and coste ot cleaning and sani ... 

tizine mat erials required for t he two cleani ng methods indicates 
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that in so tar &8 the experimental pipe line studied in this in ... 

vestigation is concerned, there was very little dU'terence between 

the two cleaning methods . 

6. The results observed indicate that circulation cleaning 

method. are definitel¥ more favorable than dail¥ disaesembl¥ 

methods from the standpoint ot physical wear on the pipe l ine . 
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Tho pr imary purpose of this investigation was to attempt to 

determine whether or not the sanl tar,y pipe line installation of 

the Virgini a Polytechni c Institute creamery, composed ot ordinar,v 

stainless st eel, could be satisfactorily cleaned by circulation 

cleaning procedures as opposed to daily disassembly of the entire 

pipe line. To facilitate such a determination, two experimental 

periods of approximately thirty days each in duration were set up. 

In the fir.t period the experimental pipe line was subjected to 

complete daily dleassembl¥ cleaning procedures. Thl1t is, each 

section of the line was disassembled, cleaned indlvidua!1,y, and 

r eassembled. In the second period the experimental. line was sub­

jected t.o in-place cleaning procedures. That is, the line was 

l oft compl etely intact and cleaning was accomplished by meane of 

forced oirculation 9f cleaning solutions in a manner comparable to 

the wrq the milk ia forced through the line. The cleaning methods 

used in the second period necessitat ed the use or an acid cleaning 

solution twice weE:kq. Sanitizing in the first period was accom­

plished by the use of a chlorine rinse before use and in the second 

period both chlorine and hot water at 180 OF were used. The ex­

perimental installations consisted. of fitty-eix t eet of r aw milk 

line and twelve and one-half feet of pasteurized milk line . 
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Inoluded within the scope ot the line W88 a holding vat and one 

pasteurizer. 

Sanplcs of milk were taken trom the inlets and outlets of 

both the row and pasteurized milk Bection~ ot the experimental 

pipo 11ne. These sanplee were examined for standard plate count 

and coliform count according t o regulations &e eet forth in 

Standard Methode tor the Examination ot Dairy Products (Ninth 

Edition). Likewise, determinations were made tor sanitizing 

efficiency in the two methods at cleaning by means ot deterMina­

tion ot the part per million of available chlorlna betore and 

after sanitldng. 

Records were kept on the amount ot time required to clean 

the pipe line, and the coste and amounts ot cl eaner and e8nlt1zer 

r~u1red. Visual inspections of the line for physical. wear and 

soil and milkstone build up were made . 

The r emaltt'l obtained show that ther e was no measurable pick­

up of bacteria in the experimental l ine due to the use ot in~plac. 

or circulation cleaning procedures. This was true tor both the 

r aw milk section and pasteurized milk section of the line. Like­

wise, it was found that 1n~place cleaning did not have an in­

hibitin3 effect on the Ban1tizinB efficiency tor the pi pe line 

studied. 
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The records kept indicate that a considerable saving in labor 

coats was effected by the use of circulation cleaning methods. 

Further examination of the costa and amounts of cle811ar and san­

Itiler r equired shows ver,y little dif fer ence between coste for 

materials in either type ot cleaning procedure. Finally, visual 

inspections of the line indicated a definite Buperiorit y tor 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 wit h results that were ver,r satis­

tactor,y both from the standpoint of bacteria quality of the proc­

essed products and also from the s tandpoint of economical expend­

iture ot operation. 
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Table 11 

Anahrsis £! Variance S£!h! Differences Between 

Plote Count at the Inlet and OUtlet of tho ----- --
.!!!!! ~ .!.!!!! .!!! 5er1 •• .! 

Degrees Sum 
M.an Source ot Variation of ot p 

Freeciom. Squares Square 

Between Inlet and 
0.249% OUtl et ot Lino 1 20.87 20 .87 

Between Runs 19 5,053.64 265.98 3.170"" 

Error 19 1,582.67 83 .30 

Total 39 6,657.18 

% Not 81gn1f1cant 
xx 511ghtl,y .1gn1!1cant 
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Table 12 

Analye11 £! Variance .2! !h! Differences Between 

Plate Count at the Inlet and OUtlet of the ---- - --
Pasteurized Milk Line in Series I --- -

Degrees S"", 
.Iean Source ot variation or or 

Freedom Square. Square 

Between Inlet and 
Outlet of Line 1 21.272 21.272 

Between RWlS 19 114.564 6.029 

Error 19 49.042 2.586 

Total 39 148.878 

xx Slightly eigniflcant 

F 

xx 
4.38 

2.17"" 
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Table 13 

Ana.lyBis E! Variance ~ ~ Differences Between 

Coliform Counts ~ it!! ~ and OUtlet .2! 
the Raw Milk Line in Series 1 ----- -

Degrees Sum II."" Source ot V3l'iation of of 
Square Freedom Squares 

Between Inlet and 
(».tlet of Lin. 1 12.6675 12.6675 

Between Runs 19 250 .1029 13.Ui33 

Error 19 172.9862 9.1045 

Total 39 435.7566 

x Not eigniticant 

p 

1.39" 

1.44% 
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Table 14 

Analysis 2! Variance of !!:!! Differences .!!! ~ 
Per Milli on of Available Chlorine Before and - - -

After Sanitizing !a SerieG 1 

Degrees Sum 
Source of variation of of Mean 

Freedom Squares Square 

Between Before and 
After Sanitizing 1 903 903.00 

Between Runs 19 78,528 4,133.05 

Error 19 647 34.05 

Total 39 00,078 

XXX Highl¥ significant 

F 

26 .5""" 

121.3""" 
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Table 15 

Anallei!! £f.. Variance £! 1!!! Difference8 Between 

Plate Count at the Inlet and Outlet of tho ------ --

Degrees 
Source ot Variation of 

Freedom 

Between Inlet and 
Outlet or Line 1 

Between Rune 22 

Error 22 

Total 45 

x Not 8ignificant 
XXX HighJ;y oigniC1cant 

Sum )lean of 
Squore Squares 

30.6196 30.6196 

410.1534 410.1534 

245. 2147 U.4612 

9.299.2107 

F 

2.68" 

35.7F 
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Table 16 

Anal,ysis .2! Variance of the Differences Between 

Plate Count at the Inlet and OUtlet of the - -- - --
Pasteurized ~ .!4!!! ~ Series 11 

Degrees S\I!1 
Me.., Source ot Variation of of F 

Freedom Squaree Square 

Between Inlet and 
1.66" OUtlet of Line 1 4.8476 4.8476 

Between Runs 22 119.8837 5.4492 1.86" 

Error 22 64.2561 2.92°7 

Total 45 188.9871+ 

" Not B1gnilicant 



Table 17 

Analysis 2f. Variance E.! .!:!!! Ditferences ~ ~ 

Per Milli on of Avail able Chlorine Before and - - -
After Sanitizing .!.!!. Series 11 

Degrees 
Source of variation of 

Freedom 

Between Before and 
After Sanitizing 1 

Between Rune 10 

ErrOr 10 

Total 33 

XlI: Sllghtl¥ significant 
XXX Highl¥ significant 

sum 
lIean ot 

Square. Square 

2, 473 .4 2, 473 . /IJ 

2,194.0 137.13 

476 . 6 29 .7S 

5,144.0 

F 

/13 .05""" 

4.60"" 
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SUPPLEMENTARY STUDY 
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A Briel Analrsls of the Possibilities 

of Using Pyrex Glass Tubing 

in Mill Pipe Line. 

A. Introduction 

The introduction of pyrex glass tubing to the dairy industry 

wa. largelo' brought about by the shortage of stainless . t eel dur­

ing the war year. of 1941 to 1947. According to Shsuring and 

Henderson (24.) glass has the advantages ot being corrosive re­

sistant, transparent, and light in weleht . GlasB will not con-

taminate fluids, can be used over a wide range at temperatures, 

and possesses hard, smooth surfaces which have poor adhesion 

characteristics tor most fluids. The.y further state that at the 

present t ime there are more than tort1 commercial and college 

dairy plants in the country using pennanent gl ass pipe lines. 

These lines are being used for raw cold milk, cold pasteurized 

milk, hot past eurized milk, ice cream mix, skim mille, IIlld whey . 

Although it Se8L18 8S though t here has been quite a bit ot 

work done with pyrex glass tubing, no great wealth ot material has 

been published upon the subject. Therefore, to inionD. the dairy 

plant operators in Virginia, in particular, it was telt that a 

study ot gl a ••• anitary pipe lin. would b. well ju.t1fisd. It w .. 

also telt that such a s tud1 would form a de8irable supplement to 

data presented in t he main body of this thesis. In accordance 
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with such a beliet such a stud;y was begun and the ensuing pagea 

present • prellminaI7 anaJ.ysis ot the results obtained up to the 

time of the tinal drafting ot this t hede. It 10 expected that 

this experimentation on P,Yrex glass will be carrleU on tor sev­

eral months . 

B. ).tethods and Procedures 

1. Description of line 

The experimental pipe Une 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 ot the tbe.1.. The 

onlf major change in the line consisted ot the installation of 

pyrex gl .... pipe. at certain points along the p1pe line. In the 

raw milk section of the line, glass tubing wae inserted at the 

pump connected to t he receiving tank on the first floor of the 

creamery and extended a length of approximatel¥ 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 at conventional atainle8s steel pipe. 

In the paeteurlzed section of the experimental line, glua tubing 

extended fram the pasteurizer to a valve located about three teet 

trom the surface cooler. This was a diatance of apprOJdmatel¥ 

twelve and one-halt teet. This section corresponds roughJ.¥ to 

the distance between D and E in Figure 1. 
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The glass tubing installed tor this study was one and one-

halt inches in diameter. All connections of glass to g1866 were 

made by means of special. flange sets with pure sulphur .. free gum 

rubber gaskets innerted between the pieces of tubing. The out-

lay of the experimental installation required the connection of 

g1888 to stainl ess steel at several points. These connections 

were made by IilaallS ot No . 10 PI: adapters mooe 6speclaJ..q for that 

purpose. In so far as was possible, all sections of the line were 

supported by hangers to alloviate strain on the glass connections . 

All fittings on the gl ass section of tho line wer e standard gl ass 

tees and elbol'16 . 

2. Cleaning and sanitizing met hods 

The cleaning and sanitizing methods used in this study of 

gl ass tubing are the same as those used for Series II in the main 

boqy of this thesis. This line was cleaned trom the viewpoint of 

a permanent install a.tion 8.S was the experimental line in Series n. 

The line was left completely intact and the same temper atur es, 

amount6 and t ypes of cleaners, and lengths of time were utilized 

ae for the circulation methods uee:l in Seriee II. 

3. Bacterial quality of processed milk 

Bacterial quality of determinations, in the for.m ot standard 

plate counts and colifonn counts, \'rere made in exactly the same . . 

manner aQ for Seri es I and Series II. Sampl es were again taken 
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at five dilf.rent points along the experimental pipe line. A 

slight change wae made in the procedure ot taking samples in 

that sample B was considered the outl et ot the raw milk line 

in 80 tar 8S the glass tubing was concerned. This was alight-

17 differ ent trom the procedure observed for Seriee I and 

Series n. In t hese tt'iO seriee sampl e C was con~ldered. the 

outlet of the raw milk line. 

4. Labor costa end material CO!lts ot eleaning and 

sanitizing, and sanitizing ettlciena,y 

Data concerned with the labor and material costs ot clean ... 

1ng and sanitizing \'rere collected in the eame manner as for 

Series I and Series n in the ma.1n body of this t hesis. Deter-

minatlon& of sanitizing effi ciency were made in the same m&nner 

&s f or the t wo seriee included in the main body of this thesis. 

5. Curability and condition of pipe 

Visual inspections were made and results were recorded as 

tor Series I and Series II. 

6. Initial cost of pipe line 

The cost ot the glsss pipe line was calculated troa pre-. 
vaUing market quotations and compared with the correeponding 

price tor etainles8 steeL Coets were figured on the basia that 

the entire Une wu composed or glue. 
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c. Result. 

1. Bacterial quality of proce8sed milk 

The rosults of the etandard plate counts for the raw and 

pasteurized milk pi pe lines examined in this 8upplementar,y stu~ 

are f ound in Table 18. 'fhe largest inc renee of bacterla/ml. be­

tween the inlet and outlet of the raw milk line was found , to be 

900 bacteria/JUl. The large.t increa.e ot bactoria/ml. between 

the in1et and outlet ot the paeteurized miL't line wae found to 

be 180 bacteria/JUl. The average plete count at the inlet a.nd 

outlet of the raw milk line was 352; bact eria/JUl., a.nd 3867 

bacteria/JUl., respectivelJ'. Stoti.tical analJ'e1o shows that 

the difterences between plate counts at the inlet and outlet of 

the raw milk line lrere slightly signi!ic ent. The average plate 

count at the inlet and outlet of the pasteurized milk line was 

13 bacteria/JUl., a.nd 30 bacter1a/m1., respectively. Statistical. 

analysis shows that the differences between plate counts at the 

inlet and outlet of the pasteurized milk line were not 81g­

nltlcant. 

Results of t he colifonn counts made at the inlet and outlet 

ot the raw and pasteurized. milk lines are given in Table 19. 

The largest increase be~ween coliform counts at the inlet and 

outlet ot the raw milk line was 10 colitorms/ml. occurring two 

times. The coliform. counts on the pasteurized milk line remained 
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negative wit h the exception of one run in which the count in­

creased from zero to ten eoliforms/ml. The aver age coliform 

count at the inlet and outlet of the r 2.\'t mill: line was IS 

col ifonlls/ml. , and 20 coliforms/ml., respectively . The average 

coliform count a.t. the inlet and out.let of the pasteurized mil k 

line was zero M.d l esa tha..YJ. one coliform/m. No stntlstical 

analysis i s required to note that the differences betlreen coli­

form count s at the inlet and outlet of both the r aw a.~d pas­

teurized. milk lines, are not significant. 

2 . SanitiEing efficiency 

The results of the detercd.natione of t he parts per million 

of available ohlorine before and after sanitizing are given in 

Tabl e 20. The greatest ,loss of parts per million of avail abl e 

chl orine on arty single run was 20 parts per million. fluch s. 

l oss occurred on two runs. The 10613 on the r emaining r une 

ranged from. zero t o ,ten parts per million . The aver age avail­

able chlorine strengths before and atter sanitizing were 195 

parts per million and 185 parts per million, respectively. 

Statistioal analysis shows t hat the diff erences between the 

parts per million of avail abl e chl orine bef ore and after san­

i tizing were signific ant . 
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3. Labor costs, material cost ot cleaning and 

sanit1zing, a~d durabilit7 ot pipe 

The data on these determinations are, of course, incomplete 

because the ... .IOrlt reported here represents on1¥' thl!il rirst portion 

of the study. However, tt is to be expect ed that lcllor and ma­

terial cost should be the same as for Series II ainee the same 

cleaning: methods and procedures are uced. In so far ae the 

durabillty ot the pipe is concerned, no dma.age haa yet occurred 

to t he line. Likewise, no visible 60il or milkstone build up 

has been noted. 

4. Initial cost of pipe line 

The cost ot t he glass pipe, as figured tor the entire in­

stallation, ... s $ll5 .6O. The cost of the fittings required woe 

8238. 38. The total cost of the lin. was $353. 98. 
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Table 18 

standard Plate Counts tor Sampl es Taken !IS!! 

~ .!!2: ~ Pasteurized!!!!!! f!E!! Un •• ~ 

i:!! Supplementary Study 2E Pyrex .2!.!!! Lines 

Run Rew Milk Un. Pasteurized Milk Un. 

Inlet OUUet Inl.t OUtlet 

1 3/1:1) 3800 20 200 
2 2000 1900 0 0 
3 6/1:1) 6500 20 20 
4 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 40 50 

10 2200 2300 30 30 
11 7000 7300 0 0 
12 2800 3100 0 0 

Average 3525 3867 13 31 
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Table 19 

Coliform Counta ~ Samples ~ ~ 1!!! 1!!! 

~ Pasteurized !!!1!; !:!E!! ~ ~ l!! 
Supplementary s tudy .2!l Pyrex !!!!!! Unea 

Raw I!ilk Line Pasteurized Milk Lin. 

Inlet outlet Inlet Outlet 

20 20 0 0 
0 0 0 10 

10 10 0 0 
40 40 0 0 
10 20 0 0 
10 10 0 0 
0 0 0 0 

30 30 0 0 
0 10 0 0 

20 20 0 0 
50 50 0 0 
30 30 0 0 

Average 18 20 0 0.8 
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Table 20 

Parts !!!: llillion !!! Available Chlorine in 

sanitizing solutions in SUpplecenta;y 

Before Arter Difference Circulation Circulation 

1 190 180 -10 
2 200 200 0 
3 210 200 -10 
4 190 170 -20 
5 180 170 -10 
6 200 190 -10 
7 190 180 -10 
8 190 170 -20 
9 200 190 -10 

10 200 190 -10 
11 210 210 0 
12 180 170 -10 

Average 195 185 10 
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D. DisCU6sion of Results 

1. Bacterial. quality of processed milk 

The results given in Tabl e 18 show t hat the average plate 

count at t he inlet e.nd outlet of the r aw milk line, in t hi s sup­

pl ement ary study, was 3527 becteria/ml . , and 3867 bact erla/ml.., 

respectively. These figures given an average difference ot 340 

bacteria/JIll. bet ween the inlet and outlet of the line. In order 

to make a. cauparison it was f elt t hat t he data obtained f or 

stainless steel in Series II of the main body of the thesis, 

could be utilized . These dat a wer e obt ained under the same con­

ditions 8S t hose which prevail ed for the glass line. The only 

difference was the type of tubing ueed . Using the data obtained 

for Series II, it was found that the average difference between 

the pl ate counts at the inlet and outlet of that series was 156 

bacteria/ml. Ther efore, & comparison 01' t he average differences 

shows that the counts taken on the r at'l milk Bection of the gl ass 

linG increased an average of l.84 bacterla/ml. mora than clid the 

COWlts on the stainless steel line in Series II. Although this 

count seems to indicate a definite increase due to the use of 

gl&68 lines, it is a relative~ snall number when consideration 

of allowable counts is made. It should also be emphasized that 

the data obtained tor the glass line represent onlY the pre­

liminary stages of t he glae5 line study and later results mAf 
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show an entirely different picture . In comparing the results 

on the r aw milk-sections of th~ gl ass and stainless steel, it 

is worth whil e to note that the largest singl e increases in 

count at the inl ets and outlets of t he lines were 1200 bac .. 

teria/ml. for stainless s teel and 900 b&.e teria/ml . for the glass 

I1ne . Although ncither of t hesE: COWlt s 16 l arge, it is signif­

icant to noto that in 60 f ar as individual variations were con­

cerned the gl ass line had a smaller count. 

statistical allal,ysis sho\;is that the differences bet ween 

plat e COWlts at the inlet and outlet of the raw milk: seet-ion at 

t he glasl> line 1r:6re only slightly signit'lcant. The validit y of 

such inro~atlon seems questionable. It i s felt that later 

d at a mB¥ ShOll the diff erences not to be significant and like .. 

wiDe the count s whi ch were obtained were not very h1eh When 

speaking in terms at acceptable bacterial quality. In general, 

t he roaulte obtained. indicate that the raw milk section of the 

glaso pipe line , installed in t he Virginia p~~tectm1c Institute 

cremner,Y, can be used with the expectancy of eatiefactory re­

sults frcm t.he standpoint of bacterial qualit y in so far &8 

plat e counts are concerned. 

Results of the plate (;ountr;; on the pasteurized. section ot 

the glass pi pe line are given in Table 18. The aver age plate 

count at the inlet and outlet of the paBteur1zed 8ectlon of 
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the gl.aoe pipe line was 13 bacteria/ml., and 31 bacterla/ml., 

respectively. 

bacterla/ml. 

These figures show on average increase of 18 

The data obtained tor pasteurized milk in Series 

n show an aver age differooce of thI'G bacteri a/ml. between the 

inlet and. outlet of the pasteurized line . Co.>l.parison of these 

averages shews that t he counts on t he 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 ~o far as Averages are concerned, such results would not tend 

to favor gl ass over stainless eteel for use in pipe lines . This 

doe~ not necessarilJ mean t hat glass would not be satiofactor.y 

for this purpose. 

A comparioon of the individual variations shows that the 

largest Bingle increase in plate count on the pasteurized section 

of the gl ass line was 180 bacteria/ml . Likewise, the largest 

£ingle increase on the corresponding section or the stainless 

steel line was 40 bacter1a/ml. Although neither increase is 

excessive and bot h are acceptable, it i3 worthwhile to note that 

the largest dngle increase on the gl888 line was more than four 

times as large as the largest single increase on the stainless 

steel l ine. 

statistical analysis shows that the dttterences bet~~en 

plate counts at the inlet and outlet of the pasteurized milk 

section of the glass pipe line were not 81gn1ticant. 



-1.02-

In general, the r esults obtained indicate that in 60 far 

AS plate counts are concerned, pyrex glass tubing can be used 

for both the raw and past eurized milk sections of the experi­

mental pipe line studied in t his investigation. However, th~ 

results do not indicate t hat the glass line Ie more satisfactory 

than stainless steel under the S8me conditions ot cleaning and 

sanitizing. 

Examination of the data obtained for colifonn counts indi­

cates that ver,y satlsfactor,r results were obtained for both the 

raw and pasteurized sections of t he gl ass pi pe 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 gi ves 

an aver age increase . of h:o coli.forms/rr~. while similar dat a for 

stainless steel I n Series II show an average differ ence of one 

col1torm/ml. Comparison of these figures shows very lit tle t o 

choose f rom i n so f ar a8 coliform counts on the r aw milk line 

are concer ned . It i s espec1.ally notable that in on~ two rune 

did t he coliform count increase at all. Comparison of individual 

increaa8s of colif'onn. count on t he raw milk secti ons ot the two 

lines indicates a more f avor abl e r eac tion toward glass 11nes. 

Canpari son of t he coliform count s on the pa.steurized milk 

sectio/ls of the two lines shows t hat bot h t ypes of pipe linea 

were very satistactory in that 8uch counts remained negative 
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throughout with the exception of one run on the gl888 line in 

which the count increased from zero to ten colltorms/ml. 

In general, the results obtained indicate that glass linea 

are acceptable frau. the standpoint of col1fonu count!!, but that 

glas6 1s not superior to stainless steel in this respect. 

It should be noted that on two occasions outbreaks ot coli­

form and bacteria counts were found with the glasB line. However, 

this trouble was traced to a valve from which samples were being 

taken and the trouble was easily el iminated . 

2. Sanitizing efficiency 

In general, the re8Ulte obtained tor 'parts per l!l1illon at 

available chlorine before and atter sanitizing the glass pipe 

lins, are in pretty close harmol\f with the reeulte obtained 

under ej.milar cooditions with stainless steel. Comparison ot 

the exact figures shows that the average lose of pc.rts per 

mUllen of available chlorine in Seri es II was 17 parts per 

million. The average l oss with the glu8 pipe line was 10 parts 

per million. Such a. dU'terence would tend. to 1.'"ld.icate that the 

glaS8 lines had a little l ess organio matter lett in t hem ~nen 

compared to the stainless stee l line. 

Actunlly, there 115 very little difference between the two 

types of lines in sanlt1ting errlclenC7 when comparing the losses 

with standards agreed upon by moat cleaning experte . That le, a 
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loss of 50 parts per million 1s stlll eonsiaered to be satis­

factory. 

3. Labor costs, clea:ling material cost, and 

visual inspections of pipe line 

As has already been fltsted, the resulte reported. in t his 

supplementary study represent only the beginning of the stud;y 

on glass lines and, therefore, no complete Bet of figures i s 

available for comparing l abor and material cos t e with those 

f or ata1nles8 steel. Those costs should be approx1mate~ the 

a&c.e .ar. for Seriee n for the same length 01' time. This is 

true because the same cleaning procedures were used in both in­

stances. Ae for visual inspection of the line, the onl.y thing 

that can be said is that no breakage of the glass line has yet 

occurred. and no Boil build up 01' .m11kstone build up have been 

cb5erved . 

4. Initial cost ,ot pipe lin. 

The total cost of the stainless steel line used in Series n 

was $434.35. The tot el cost of the gl ••• lin. was $353 .98. Thi. 

indicates t hat glass is less expensive than stainless eteel on 

initial installations. 

It ~h~~ti be emphasized again t hat the .results obtained for 

the glas~ line are or a preliminary na~ure and do not necessarily 

represent a true picture of the over·all situation. 
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E. Conclusions 

This supplementary study, using pyrex glass tubing a8 a sub­

stitute for stainless steel in t he sanitar,y pipe line inetallatlon 

of the Virginia Pol¥technic Institute creamery, led to the follow­

ing concluDionsJ 

1. The result. obtained indicate that pyrex gl ... tub­

ing can be used with satisfactory results in 60 t ar as bacterial 

quality 113 concerned. This is true for both raw ana past eurized 

lines. 

2. The results obtained do not indicat e that pyrex 

glass tubing 1s more desirable t han stainless steel tubing. 

3 . The results obtained shew no JIle&surable differ­

ence betl'reen the t wo t ypes of pi pe line .material in 60 flU' a8 

sani tizing efficiency 1s concerned. 

4. The calculation of pipe line coste seems to in­

dicate that ~hange-over fr~ stainless steel t o glass would not 

be particularly advantageous. }io\"lever, an initial installation 

using pyrex glss s woul d s eem to be satisfactory. 
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F 

Tabl.. of &t atistical AnalT.1. 
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Table 21 

Analyei8 .2! Variance 2! ~ Differences in Plate 

Count at the Inlot and OUtlet of !!l! 1!!!! !!ilk 

Section £! !!l! .!l:!:!! ill:!!! f!E! 1!:!!!. 

Degrees SUiIl Moan Source ot Variation ot or 
Freedom Square. Square 

Between Inlet and 
OUtlot of Lin. 1 41 41.00 

Between Runs 11 4,620 420.00 

Error 11 45 4.09 

Total 23 4,706 

XX Slightly significant 
""" Highly significant 

F 

10.02"" 

102.6""" 
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Table 22 

AnalyBis 2! Variance of ~ Differences Between ~ 

Count at the Inlet and OUtlet of the Pa8teurized Milk ----- -- -
Section .2! ~ fl!:!! ~ E!l!!! !o!!l! 

Degrees SUm Me.., Source or Variation of of 
Freed"", Squares Square 

Between Inlet and 

F 

OUU.t ot Line 1 6.0 6.00 2.090" 

Between Rune 11 220.5 20.04 7.006%% 

Error 11 31.5 2.86 

Total 23 258.0 

x 
Not significant 

xx Sl1ghtl,y 8ignificant 
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Table 23 

Analysis 2! Variance E! ~ Differences .!!! Parts E!!: 

Million ~ Avail able Chlorine Before !!!!! ~ 

Sani thing !!!! 12""" Gla •• f!E!!. 2 

Degrees Sum 
Mean Source of Vari ation ot ot 

Freedom Squares Square 

Between the Beginning 
and End ot Sanitizing 1 360 360.0 

Between Runs U 2,760 250.9 

Error 11 440 40.0 

Total 23 3,560 

XlI: Slightl,v Bignificant 

F 

9.007J. 

6.2~ 


