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I NTROIJl"CC"I"ION 

Most of the cornmon off-flaHl!"S in n!Ílk are acquired in one or 
more of the following ways: 

l. Substances absorbed bv rnilk from the surroundin~s. 
2. Substances contained i~ the feecl of thc row which are secretee! 

with the milk. 
3. Bactt'rial action in milk. 
4. Variations in the chernical composition of milk. 
5. C:ht·mical chan~t·s occurrin~ in milk. 

Thr Oxidi:l"d Flann.1 

Of thc flavors produced by cherniral chan~cs in rnilk, the ont•s 
due lo oxidation are the rnost common and trottb!esomc. Oxiclized 
fla\·ors in rnilk, also referred to as "cappy", "carboard". ""oil\-", 
"talowy". "metallic". and "'hurnt", have het·n considered lo he orw 
of the rnost objectionahle and serious ddects in fluid rnilk. 

Tht· factors causing the oxidized flavors in milk can be di\·iclt-d 
into three groups: Metal contamination, solar acti\·ation. and spon­
taneous facto1·s. 

Tht· off-f!a\·ors restdts from chemical changes due to oxidation. 
This reaction is catalysed by mctals such as copper ancl iron, anc! by 
direct and diffusecl daylight. 

The Tygou Pla.1tic Tubing 

Tygon IH4-4 is a transparent flexible plastic tuhin~· esperially 
dt·\·eloped for the handling· of mil k and milk products. I ts use in tlw 
dain· industrv is rl'iatin·lv recent. and has hcen found to lw \"t'l'\" 

·prac.tical and ·high!y adapt~hle to the different phasps of dairv pron·;·­
sing plant o¡Jl'rations. Becat!St' of its transparenc~·. it transmih lidtt. 
which produces off-flanns in milk and milk products. 
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The purpo5e of thi.s investigation was to determine the influence 
of tygon plastic tubing in the production of solar activated f!avor in 
milk products. 

REVIEW OF UTERATURE 

Thl' Oxidi::l'd Flm.•or.·. 

Most investigators agrcc in thc causativc factors of oxidizcd f!avors 
in dairy products. Nelson and Dahle ( 11) state that oxidized flavor 
may be causPd by light, metal catalysL. and spontancous factors 
('direct from the cow). Brown and Thurston ( 1), aftcr rcvicwing thr~ 
litcrat,urc. concluded that an oxidizcd flavor can be developed in dairy 
products due to coppcr, sunlight and the presence of oxygen. Severa! 
other factors. such as, sea·,on. temperaturc, and feed, were found to 
he im·olwd in the productiorÍ or inhibition of the flavor. 

A pronounced oxidizcd flavor is produced in milk and dairy 
products. due to metal contamination spccially copper and iron. 
Foster ( 6) statPd that oxidized flavor is produced in milk, by coppt~r 
contamination, and subsequcnt tempcraturc. Dunkley ( 4) attributed 
the dcvelopment of an oxidized flavor to a rnild oxidation of lipid 
matcrials in mil k, particularly thl' pho;;pholipids. ·· 

Tht· Action of Sunlight 

Stull ( 12) statcs that light from cithcr, natural c.r artificial sources, 
causes chemical changes in a minor whey protein constituent of milk. 
Thcse changcs give rise to the development of an off-flavor commonly 
refcrred to as activated flavor. Hcnderson and Roadhouse (9) con­
cludcd that by exposing cr~·am to .. direct sunlight, diffuse light, or to 
tht· action of copper, the susceptibility of milk fat to oxidation is 
,n,:reased. Hammer and Cm·des ( 8) state that sunlight has a pro­
nouncecl dfect on thc flavor of. milk and cream, and that with suf­
ficient cxposure a definite tallowy flavor was produccd and with les.~ 
exposure a distint "off" f!avor developcd. They observed that "off" 
flavors developecl in samplcs of milk after an exposure of only 10 
minutes, and definite tallowy flavors after exposures of 45 minutes. 
Frazíer ( 7) conclucled that a "carboard" tastc and "linscecl oil" odor 
develops in whole milk exposed to diffuse daylig-ht for 8 hours, at 
ahout freezing temperature. The light apparently acts as a catalyst in 
the oxidation of thc milk fat. 

Tracy ancl Ruehs (13) concluded that two flavor defccts re<;ultct! 
from the exposure of milk to sunlight, one a tallowy and the other a 
burnt flavor. The burnt flavor seemcd to be due to an action upon 
thc _milk serum rather than the fat, since the effect was stronger in 

"tskim Jhilk than in whole milk. Flake, Weckel, and Jackson, ( 5) state 
:1!h'at evidence is found that if milk bottles can be devised which will 

· ~l~il!~!e th~ wave lr·ngth of light less than -4-600 A, the activated 
flavor causeP hy exposure of mi·lk to sunlight will not devclop. Daan 

· ádd Myers .('3} .~tate that the burnt flavor caused by sunlight apparently 



is due to an effect on the casein..frec and albumin-free serum of milk. 
Chilson ( 2) states that when mil k in clear glas3 bottles is exposed to 
direct sunlight, t>ven for a short time, the flavm· will change sutficiently 
to affert the palatability of the product. 

K ende ( 1 O) was thc first to report that oxidized flavor was ca u sed 
by an enzymP ~ystem present in milk. Chilson ( 2) suggt~sted that an 
t~nzyme was p:·e--;ent in skim milk which catalyses the oxidation of tht• 
fat, since the oxidized fla\·or die! not clr·velop in milk prepared from 
skimrnilk which had been heatt·cl to l 70° F for :W min. and thcn m.ÍxPd 
with unheated neam. 

EXPERIMENTAL PRoCEDt:Rv 

For thc dett·rmination of tlw mínimum time required for tlll' 
production of solar activated flavor in milk products, 250 ml sarnples 
were put into pieces of tygon plastir tuhing. 12 inchcs long and 15 
inches in diameter, and placee! in strong sunlight. The sunlight exposure 
pniods for pasteurized and homogPnized mil k were 15. 1 O, 5. 2, and 
1 minutes; for pasteurizPcl skim-r·nilk 20, 15, 10, 5. 2, and 1 minutes; 
ancl for raw milk 30, 20, 15, 10, and 5 minutes. The samplcs were 
tasted irnnwdiately aftn expo;;ure, kept under refrigeration at 45° .F 
in darkness and n·tastt-d. 

The off-flavor den·lopcd in tlw samplcs was ;;coree! arrording to 
tht· following numerical sea le: 

Very Strona 
Stro'ng . .~ 
Distinct 
Slight 
Nonc 

RESl'LTS AND DISC:t:SSION 

2 
1 
() 

Effect of Sunlight on thc Flavor of Pastt·urized and Homo-
t;enized Whole Milk. 1 

The data in table 1 show that thc mínimum time lo product· a 
noticeable solar activated flavor in pastcurizecl and homogenized wholc 
mil k is el ose to 1 O minutes under strong sunlight. An ex post u re of 1;, 
and 10 minutes produccd a strong to \:Pry strong off-flavor, notin~ahl.­
irnmediatcly after exposure. 



TARLE 1.-Effect of Sunlight on the Production of Activatcd 
flavor in Pasteurized and Homogenized Whole Milk. 

Exposure Sample 1 Sample 2 Sample 3 Samplc 4 Sample 5 
Time After 24 Hrs After 24 Hrs After 24 Hrs After 24 Hrs After 24 Hrs 
(min.) Ex pos. La ter Ex pos. La ter Ex pos. La ter Ex pos. La ter Ex pos. La ter 

15 3 .f 3 .f 3 
10 3 4 3 3 3 
5 o 3 o 4 o .f 1 .f o + 
2 o :'l o 3 o 3 o 3 o .f 
1 o 1 o 1 o o o 1 o o 

An cxposure of 5 and 2 minutes produced no off-flavor, but after 
24 hours of cold storage in darkness all the samples tested showed 
strong to very strong off-flavors. One minute exposure produced no 
off-flavor in any of the samples, and aftcr 24 hours of storage a slight 
off-flavor was detectcd in thtee of the samples. 

The results of the test in table 2 show that the mínimum exposure 
time to produce solar activated flavor in pastcurizecl skim-milk is 
hetween 15 to 20 minutes. 

An expmure of 20 minutes produced a strong to very strong solar 
activatccl flavor in al! the samples immediately after exposure to strong 
sunlight. An expmure time of 15 minutes procluced a slight off-flavor 
in two of the five samples tested, and aftcr 24 hours ot' storage all the 
samples »'ere found to have a strong to very strong off-flavor. Exposures 
of 5. 2. and 1 minutes did not produce the solar activated f!avor in 
skim-milk immccliately. but after 24 hours of storage, samples exposed 
for 5 and 2 minutes had developed very strong to distinct off-f!a\·or, 
while thc samples exposcd for 1 minute had a slight to distinct off­
fla\·or. 

Results in table 3 show that the mínimum exposurc time required 
to produce thc solar activated flavor in raw milk is 20 minutes. AII 
thc samples developed a strong off-f!avor immediatelv after an exposure 
of 30 minutes, whilc four of the fivc samples produccd a slight off­
flann aftcr an cxposurc of 20 minutes. Irnmediately after exposurcs 
of J 5, 1 O. and 5 minute, non e of the samples developed anv off-fbvor, 
hut after 24 hours of storage. a distinct off-f!a\ or was detccted in 
most of the samples expoq'cl for 15 and 1 O minutes. ancl four of the 
fin' samplcs exposed for 5 minutes showed no off-fla\·or. 
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TABLE 2.- -Effect of Sunlight 011 the Procluction of Activated 
Fla\·or in Pastcurizecl skin-rnilk. 

Exposurc Sample l SampJc 2 Sample _l Sample 4 Sample 5 
'lime Afccr 2..¡ Hrs After 1--i Hrs Aftcr 2--i Hes Afcer 24 Hn After 2-í Hes 
(min.) Ex pos. Laccr Ex pos. La ter Ex pos. La ter Ex pos. Latcr Ex pos. Latcr 

20 :{ :1 :1 -1- 3 
15 1 -1- 1 -1- () 4 o -1- () -~ 

10 1 :1 () -1- () 4 o 4 o 4 
5 () :{ o -1- () ~-) o 2 o 3 
2 () :) o l () o 2 o 2 
1 o () 2 () o 1 o 1 

TABLE :).-Effect of Sunlight on the Procluction of Activated 
Flavor lll Raw Mil k. 

Exposurc Sample l Samplc 2 Samplc -' Sample 4 Sample 5 
Time Afccr 2.¡ Hrs Aftcr 24 Hrs After 2-i Hrs Afccr 24 Hrs After 24 Hrs 
(min.) Ex pos. La ter Ex pos. La ter Ex pos. Later Ex pos. La ter Ex pos. Latcr 

:{0 3 " :"1 3 3 ,) 

20 1 2 () 2 1 2 1 2 1 2 
15 o 2 o 2 () 2 o 2 o 2 
10 () 2 () 2 () 1 o 2 o 1 
.'i () () o () o 1 o u o () 

(:o:-.;cu: SION S 

Tht· mmtmum l'xposure time to produce the solar acti,·atecl flavor 
in rnilk products \·aries with the product testee!. The results of this 
inn·sti!_!·ation indicatl' that the mínimum expmure time is hetwecn 5 
and 1 () minutes for pasteurized and homogenized wholc milk. 15 lo 

20 minutes for pasteurizt·d skim-milk. and 20 minutes for raw milk. 
Shorter exposun·s reducecl the clevelopnwnt of the solar activated 
f!;\\·or in al! milk proclucts. 

The solar activated f!a\·or was found lo develop during storage 
in tht· dark in sarnplcs that die! not have the off-f!a\·or immecliately 
after short t•xposun· to strong sunlight. In al! cast·s thc intensity of the 
off-flanll· was highly incrcasecl after storagc. 

The mi,nimum exposure time to produce solar activatec'l fla\·or 
aftcr 24 hours of storagc in the clark was found to he 1 rninutp for 
pastcurizecl and homogenizcd whole milk. ancl pasteurizccl skim-milk. 
and hetwccn .'i to 1 () rnintttes for raw milk. 
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