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ABSTRACT 

Colostrum from several cows was composited from the first 6 

milkings postcalving and subdivided into the following treatments: 

frozen ( F) , naturally fermented· (N), formaldehyde treated (FT) at 

. 0 5% by volume, and propionic acid treated (P) at 1% by volume . All 

except F were stored at warm ambient temperatures. The above regime 

was replicated five times and colostrum was fed to 20 Holstein bull 

calves at 3 . 64 kg daily (3  parts colostrum to 1 part water) for 

three weeks. Composition of frozen colostrum was constant . For 

most components analyzed, N colostrum had significantly more nutrient 

breakdown during storage than did P with FT intermediate . Protein 

degradation as measured by nonprotein nitrogen content was signifi­

cantly greater in N than in P and FT treatments. The most consistent 

pattern noticed for serum components was a higher serum urea level 

in ca·lves fed N colostrum . The higher serum urea appears related 

(r= . 42) to the nonprotein nitrogen content of the diet . Propionic 

acid , and to a lesser extent formaldehyde, were effective colostrum 

preservatives and produced a diet that was more acceptable by calves 

than naturally fermented colostrum during warm ambient temperature s . 



GENERAL INTRODUCTION 

In the past few years, the practice of storing and feeding 

excess colostrum as a fermented product has been rapidly accepted by 

dairymen. Colostrum or colostral milk is the first drawn milk which 

provides immunoglobulins that are necessary for the survival of the 

newborn calf. While not marketable, the first 5 to 6 milkings of 

colostral milk are a rich source of nutrients, including protein, 

fat, lactose, vitamins, and minerals. Most cows produce colostrum in 

excess of the newborn calf's requirements. While the first colostrum 

has a beneficial effect on calf health, the excess can be an econom­

ical liquid diet because it can supply the nutrient requirements of 

a calf up to 3 to 4 weeks. 

Interest in saving the excess colostral milk has increased 

substantially. A useful method for preserving colostrwn has been 

by fermentation. By allowing the colostrum to ferment, considerable 

effort and time are saved because under practical dairy farm condi­

tions, colostrum cannot be conveniently refrigerated or frozen .. 

However, during the hot surnme� temperatures, the fermented product 

becomes putrid and unacceptable to the calf. Therefore, a more 

efficient way of preserving colostral milk must be found in order. 

to obtain a more uniform product. 

The purpose of this study was to find an acceptable preservative 

that would provide a means of convenient storage during warm ambient 

temperature. The study was initiated to compare: 1) the fermentation 

and composition of frozen, naturally fermented, formaldehyde treated, 



and propionic acid treated colostrum and 2) the colostrum handled 

by these various methods in terms of metabolic utilization by 

Holstein calves. 
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LITERATURE REVIEW 

One of the keys to a profitable dairy operation is successful 

raising of replacement heifers. The first concern is for the calf 

to survive the first few weeks after birth. The mortality rate for 

this period is 6 to 1 7 . 7 %  for liveborn calves (1 9, 32, 4 6, 63, 68). 

Calf losses are related to factors such as feeding, management, and 

housing. Housing factors can be due to types of housing, temperature 

of calving facilities, ventilation, and supplemental heat in the 

calf barns (68). Other management practices resulting in healthier 

calves and lower mortality r�tes are related to the person caring 

for the calves (3). Dairymen exerting an effort to i�prove their 

dairy operations can reduce mortality, and thereby decrease economic 

losses and increase herd potential with healthier herd replacements. 

Importance of Colostrum 

In the late forties and some years earlier, attention was 

focused on the effects of feeding colostrum to dairy calves. Smith 

and Little (65) were the first to recognize the importance and 

function of colostrum. They �eported that all 1 0  calves permitted 

3 

to consume colostrum survived while 8 of 1 2  calves deprived of 

colostrum died. Thus, colostrum was shown to be essential for pro­

tection against invading bacteria. In a later study, calves deprived 

of colostrum had a higher incidence of disease (23). Others (2 , 7 0) 

realized that not only was colostrum import ant to the newborn calf 

for its immunizing agents, but colostrlilil was highly nutritious and 

wholesome. The composition of colostrum is presented in Table l (66). 



4 

Colostrum is not only high in total solids, protein, and fat but also 

high in carotenoids and fat soluble vitamins .  R oy (62) reported that 

colostrum, the first 24 h after calving, has 24 to 25 ug carotenoids/g 

fat, 42 to 48 ug vitamin A /g fat, 0. 9 to 1. 8 IU vitamin D / g  fat, and 

100 to 1 50 ug vitamin E/g fat. In addition, Roy (62) reported colas-

trum with 14. 3% protein of which casein, albumin, and immunoglobulins 

were 5. 2%, 1. 5%, and 5. 5 to 6. 8%, re spectively. 

TABLE 1. Composition of colostrum from Holstein cows. a 

Item 
Total 
Solids Protein Fat Lactose Ash 

Colostrum ----------------------- % ---------------------

At parturition 27. 42 13. 97 8. 45 3 . 63 l. 37 
12 hours 15. 63 4. 77 5. 68 4. 29 0. 89 
24 II 13. 98 3. 99 4. 88 4. 24 0.87 
36 II 13. 54 3. 85 4. 08 4. 75 0.86 
48 " 13. 42 3. 62 4. 20 4. 77 0. 85 
60 II 14. 22 3. 70 5. 02 4. 66 0. 84 
72 " 14. 00 3. 82 4. 94 4. 39 0. 84 

Milk 
11 days 12. 78 2. 92 4. 33 4 . 78 0. 75 

a Adapted from Smith (66). 

In later years, Briggs and associates (7, 8) reported on the 

irrununological aspects of the protective action of colostrum. Briggs 

(7) revealed that the protective mechanism of colostrum was largely 

an immunological one in that it was associated, in colibacillosis, 

with the possession of antibodies to the "K" antigens of infecting 

strains of Bacterium coli. Others (2, 3, 20, 44, 46, 56, 63) recog-

nized that first colostrum was important for the passive irrununity 



obtained . First colostrum is much higher in immunoglobulins than any 

subsequent milkings and the globulin proteins are e ssential for the 

survival of the calf . 

Oxender et al. (46) showed that the time of the first feeding 

5 

of colostrum after birth and the duration of feeding colostrum sig­

nificantly lowered calf mortality . Thus , one of the most important 

management practices for calf survival is early ingestion of colostrum 

before any other material enters the digestive tract . Early ingestion 

allows the newborn calf to absorb the ingested immunoglobulins while 

the intestines are permeable to the proteins (56) and prevents fatal 

septicemia and other disease hazards (3, 4 6). Appleman and Owen 

(3) indicated that absorption of the imrnunoglobulins is affected by 

amounts fed, time of feeding , age of calf , and birth weight. Absorp­

tion of ingested colostrum immunoglobulins declines rapidly the first 

24 hours .  Thus , feeding colostrum immediately after birth i s  par­

ticularly important . 

Utilization of Surplus Colostrum 

Calves do not consume or need the entire amount of colostrlllTI 

produced t he 3 or 4 days postpartum , therefore; surplus amounts are 

available .  Many researchers (2, 14, 1 6, 24, 25, 26, 48, 4 9, 70, 81, 

82) have studied methods for utilizing the entire colostrum supply. 

Wise and LaMaster (82) found that fresh colostrum in a 1:1 mixture 

with skim m ilk was a satisfactory substitute for milk with no physio­

logical upsets to the calf . This allowed more milk to be sold through 

the fluid market . Allen (2) used frozen colostrum to replace the 



mark et abl e mi lk and r ep eat edly sho wed that colostru m coul d be stor ed 

by fr eezin g with out s eriously affectin g nut riti onal prop ert i es ,  and 

calves f ed fro z en colo s tr um  had satisfa ctory gains . No di gest iv e 

dis tur ban ces wer e found o ver th e ent ir e  f eedin g p eriod ev en wh en 

colos tr um was employed as th e so l e  s o ur ce o f  l i qui d .  L at er r es ear ch­

ers found that ext end ed f eed i ng o f  colostrum was no t only b en efi cial 

and econo mi ca l, but th e calv es f ed colo stru m had mor e  rapid gains 

( 2 5, 7 0). How ev er ,  Ka es er and Sutt on (2 5) r eali z ed fr eez in g  s urplus 

colos tr um  was not p ra ct i cal for th e av er a ge dairy fa rm, for few f arms 

wer e equipp ed to r efri gerat e and fr eez e  any q uant ity o f  colo str um. 

Cons i d erabl e in conv eni en ce was en co unt er ed i n  f eed in g, s i n ce ext r a  

ti me and effort wer e  r eq ui r ed .  Th erefor e, Ka es er and Sut ton (2 5) 

f ed colostr um int ermitt ently with milk for th e durat i on o f  th e milk 

feedin g p eri od . Th is p rov ed to b e  on e met hod o f  us i ng colostr l.IlTI t o  

i ts gr eat es t advanta ge d u rin g th e first month of life. Ho wev er ,  th e 

pra ct i ce o f  savin g and feedi ng th e ex ces s  colostrum was not r eadily 

a ccept ed until lat er .  

F urth er work ( 1 6, 24, 2 6� i n  th e early fi ft i es r eco gniz ed th e 

econo mi cs o f  s ubs t itutin g co lostru m  for whol e milk in t h e  di et of 

da iry calves in a l i mit ed whol e milk feedin g  syst em. Ja cobson et al . 

(2 4) i ndi cat ed that wh en co lost rum was f ed on an equal dry matter 

bas i s  as  whol e milk , it co uld effect iv ely r epla ce whol e milk . Key es 

et al . ( 2 6) a greed that wh en th e t ot al d i gest ibl e n ut ri ents consu med 

wer e compar abl e, n o  diff eren ces exist ed betw een whol e  milk and 

colost rum fed calv es . In 1 960, Win g ( 8 1 )  r eport ed an alt ernat iv e  

6 



for using surplus colostrum similar to that of Wise and LaMaster 

(8 2) . A 1:1 mixture of colostrum and high solids skim milk was used 

to extend the colostral feeding period without causing digestive 

upsets . 

7 

In recent years , others (31, 39, 45) have compared frozen 

colostrum to whole milk. Muller et al . ( 3 9 )  reported improved weight 

gains for the first 3 weeks for calves fed colostrum compared to 

calves fed whole milk. In addition , colostrum fed calves were 

slightly more efficient in dry matter intake/kg gain than whole milk 

fed calves . Marshall and Smith (31) reported calves fed colostrum 

made satisfactory weight gains the first week. However , calves fed 

the whole milk and nonfat milk diets were more efficient than colos­

trum fed calves. Owen et al. (45) in two trials found that calves 

fed frozen colostrum had improved gains throughout a 12 week period 

over calves fed whole milk . Likewise, calves on colostrum showed 

improved starter consumption and reduced incidence of scours. 

Fermented Colostrwn 

Application of Fermented Colostrum. Swannack (72) reported in 

1972 that an English woman farmer had been extending colostrum 

feeding since 1969 by allowing excess colostral milk to ferment. 

Since these initial reports (71, 72) , the practice of fermenting or 

pickling the excess colostrum has become a rapidly accepted method of 

utilizing excess colostrum. In a recent poll , 28 % of the dairymen 

responding now feed fermented colostrum (1) . Allowing colostrum to 

ferment does not require the labor and cost of freezing the colostrwn. 

Nevertheless, certain precautions must be taken in the fermentation 
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of colostrum. Cows need to be milked under sanitary conditions. 

Colostrum should not be taken from cows treated for rnastitis because 

the residual antibiotics would kill the acid-producing organisms (20) . 

The colostrum is normally allowed to ferment at moderate environ­

mental temperatures . This results in a stable fermentation. The 

fermented colostrum can be stored for at least a month and should 

be diluted with water when fed (35) . The product resulting from 

fermentation has a high nutritional value since colostrum is sub­

stantially higher in total nutrients than is milk (12, 13, 35, 4 2, 

4 4 , 51, 62, 66) . Table 1 (66) shows that colostrum has higher con­

centrations of protein , fat, and minerals than milk . The end result 

of storing and feeding fermented colostrum has been a tremendous 

savings over milk and milk replacers because it fully utilizes 

unsaleable milk of fresh cows without the necessity of refrigeration 

(20, 35) . 

Fermentation Characteristics of Colostrum. Rapid lactic fermen­

tation of colostrum is an effective way to preserve colostrum without 

refrigeration (35, 4 4 ) .  The low pH and high acid condition promotes 

growth of the lactic acid producing bacteria (36, 37, 38 , 4 2, 4 7, 51, 

52, 57, 59, 74 , 78 , 8 0) .  This rapid rise in acidity over the first 

days develops a stable pH thereafter , with the average composition 

of fermented product from the first 6 milkings postpartum being 16. 8% 

total solids , 7. 2% fat , and 5. 2% protein (35) . However, acidity and 

protein degradation increase with time (36, 37, 4 2, 51, 58 , 59, 64 ) 

so that fermented colostrum must normally be fed within a month to 

efficiently utilize the product before putrefaction . 
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Additives to Control Fermentation. Naturally fermented colos­

trum has been unsatisfactory during warm temperatures because of 

protein degradation and because of the growth of yeasts and molds 

after a low pH is reached (11, 4 7, 74 ) . Workers have used potassium 

sorbate (15) , formaldehyde (36, 37, 58 , 59) , organic acids (18 , 36, 

37, 4 3, 51, 58 , 59) , and bacterial cultures (15, 18 , 36) as additives 

for preserving colostrum and controlling fermentation. 

In 1956, Barber et al . (5) used formalin, a 37% solution of for­

maldehyde , to increase storage time of skim milk and arrest bacterial 

growth. Then in 1974 , Lindahl (29) used formaldehyde as a bacterial 

growth retardant in reconstituted artificial ewe milk . Lindahl (29) 

found formaldehyde to be effective in preventing souring of milk 

over an extended period. This replaced the need for refrigeration. 

Moreover, formaldehyde did not affect the initial pH of the milk. 

Other researchers (17, 54, 76) have used various levels of formal­

dehyde in milk and milk replacers to determine if formaldehyde was 

toxic. Gorill et al. (17) determined that formaldehyde had no 

adverse effect on utilization of nutrients , feed intake , or incidence 

of abomasal bloat in lambs . Furthermore , formaldehyde tended to 

improve growth of artificially reared lambs. Others (54 , 76) found 

that formaldehyde treatment was an effective method for preserving 

milk and milk replacers and reducing bacterial growth. 

With this background , researchers tried several levels of for­

maldehyde in colostrum (36, 37, 59) . Formaldehyde was effective in 

maintaining a constant pH for at least 3 weeks , retarding microbial 
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growth, and keeping protein degradation minimal. 

Other chemical additives used include organic acids . Propionic 

acid had been the major acid studied . Researchers (36, 37, 4 3, 51, 

58 , 59 ) used propionic acid to reduce pH, to prevent microbial 

growth, and to minimize protein degradation . Other researchers (18 , 

36, 37, 51) have used lactic, formic, and acetic acids to control 

fermentation and to preserve colostrum. 

Muller and Syhre (36) and Hall and Daniels (18 ) used bacterial 

cultures to control the fermentation of colostrum . Muller and Syhre 

(36) used 3 bacterial cultures containing Streptococcus lactis, 

Streptococcus thermophilus , and Lactobacillus bulgari�us . Hail and 

Daniels (18 ) used lactic acid 253 culture. These cultures were not 

effective in preserving colostrum at high temperatures in that the 

colostrum became putrid and could not be held for long periods. 

However, Drevjany and others (15) used a culture of Streptococcus 

lactis. They reported this culture resulted in fair levels of 

residual lactose in the stored product . 

Calf Performance 

Naturally Fermented Colostrum. In recent years numerous calf 

trials comparing fermented colostrum with other liquid diets have 

been published (10, 18 , 20, 34, 37, 38 , 4 1, 50, 51, 52, 53, 57, 58 , 

71, 72, 78 , 8 0, 8 4 ). Rindsig (57) compared treatments of 3. 63 kg 

whole milk, 1. 8 1  kg fermented colostrum plus 1. 8 1  kg water fed once 

or twice daily in equal portions , and 2. 72 kg fermented colostrurn plus 

. 9 kg water offered twice daily in two equal portions . Average 
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daily g ains for calv es f ed 2. 72 kg f erment ed colostr um w ere co mparabl e 

t o  gain s  of w hol e milk fed calves . Ot her s  ( 38 ,  50, 52, 71, 78 ) hav e 

co mpared f er ment ed colo stru m d i et to di ets of whol e milk o r  froz en 

colostrum . M uller et al . ( 38 )  f ed diet s  of  3. 64 kg whol e milk , 2. 73 

kg f er ment ed colostr um dil uted with . 91 kg wat er , and 1. 8 2  kg f e�­

ment ed colostrum d il ut ed w it h  1. 8 2  kg water . Th ey r eport ed calves 

fed 2. 73 kg fer ment ed colostrum perfo rmed s imil ar to calv es f ed whol e  

milk . T he 1. 8 2  k g  f ermented colostrum di et was inad eq uat e for sat­

isfa ctory gr o wth and health . In addit ion , Polzin et al . ( 52) report ed 

calv es f ed whol e mi lk or 2:1 dil ution of f er ment ed colostr um to wat er 

gain ed more weig ht than thos e fed undilut ed or 1 :1 d il ut ion of fer­

mented colostrum. Y u  et al . ( 8 4 )  fo und growth r espons es ident ical 

b etw een calv es f ed 1 . 64 kg w hol e milk or . 9  kg fer ment ed colo strum 

di l ut ed wi th .9 kg wat er f ed twice daily . Van d en Bro ek and Sh ellen­

berger ( 78 )  record ed s i milar res ults . Ho weve r ,  th eir di etary t reat ­

ment prior to wean ing had no effe ct on growt h or f eed int ak e of calve s 

6 to 1 2  wk of  ag e. Flog et al . (50) det a il ed calf tri als co mp aring 

whol e milk wit h t hat of froze � or fe rmented col ostr um. T hey fo und 

w hen l iq uid di et s  w er e  equal iz ed on tot al sol ids content , th er e  was 

no r el ations hip b etw een t reat ment s and w eig ht g ai ns . At th e s ame 

t i me, M orrill et al . ( 34 )  r eported h igher tot al g ains o f  yo ung calve s 

f ed f er ment ed colostrum t han calves fed froz en colo s tr um. 

Wo rk ers (1 0, 4 1, 53, 71 ) hav e  us ed calf p erfor man ce to co mp are 

f er ment ed co lo str um  to that of milk r epla cers . Po lz in et al . ( 53) 

r eport ed cal v es f ed fe rment ed colostrum gain ed mor e  fro m 0 to 4 wk 
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but at 12 wk there were no real differences between milk replacer 

and fermented colostrum. Chik et al . (10) observed better feed 

efficiency by calves fed milk replacers than calves fed fermented 

colostrum. Earlier , Swannack (71) had reported results from 5 

different diets composed of milk replacers and/or fermented colostrum. 

Calves achieved the same liveweight gains at 8 4  days. Results from 

these trials indicate that the practice of feeding fermented colos­

trum produces equal calf performance to the feeding of whole milk 

and milk replacers for dairy calves. 

Chemically Preserved Colostrum . Since naturally fermented 

colostrum does not ferment properly during warm ambient tempe�atures , 

several researchers (18 , 37, 51, 58 ) have used chemical additives to 

control the fermentation of colostrum . In calf trials conducted by 

Muller et al. ( 3 7 ) colostrum with formaldehyde had low protein de­

gradation and was readily accepted by calves , but gains and feed 

efficiency were lower than obtained with whole milk or colostrum with 

propionic acid. Weight gains on all 3 diets were greater than with 

naturally fermented colostrum. Hall and Daniels (18 ) reported 

calves fed acetic acid treated colostrum and naturally fermented 

colostrum grew faster than calves fed lactic acid 253 cultured colos­

trum or milk replacer. Further, calves fed colostrum diets had higher 

average daily gains and greater starter consumption than calves 

receiving milk replacer. Polzin et al. (51) found corresponding 

results in that calves fed fermented or acidified colostrum gained 

similarly to calves fed whole milk . Finally , Rindsig and Bodoh (58 ) 



r eport ed n o  b en efi cial eff ects on calf p erfor man ce wh en ch e mi cally 

suppl e ment ed colost ru ms wer e f ed durin g p eriods of mod erat e  

environ mental t emp eratur es . Ho wev er,  calves f ed for maldehyd e 

treat ed colo str um r ef us ed l ess liquid t han calv es f ed f er ment ed 

colostr um or prop ioni c a cid t reat ed colostru m durin g p er iods of  

hi gh envi ron mental t emp eratur es .  

T h e  us e o f  f er ment ed or pr es erved colostru m as a pos sibl e 

s ubstitut e for whole milk or milk r epla cers app ears pro mi s in g. 

Alt hou gh s ev eral asp ect s  o f  handlin g have b een resear ched , b ett er 

methods of pres ervat i on ar e n eeded to maint ain a mor e  un i for m 

p rodu ct and t o  obta in mor e effi ci ent ut il i zation of th e colostr um 

by t he calv es .  
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EXPERIMENTAL PROCEDURES 

Fou r  Holst ein b ull calv es bor n  withi n  a f ew days span were ran ­

do mly ass i gn ed to o ne o f  4 co lost rum t reat ments : 1 )  f roz en ( F) , 

2 )  nat u rally f erment ed (N), 3) fo rmald ehyd e t reat ed ( FT )  at . 05% 

of vo lu me, a nd 4 )  propioni c a cid t reat ed (P) at 1 % of vol um e. Th e 

d esign was repl i cat ed 5 t i mes du ri ng th e s ummer months ( M ay to 

S ept ember ) for a total of 2 0  calv es .  

Colo st rum was coll ect ed fro m  th e fi rst 6 mil kings f ro m  ea ch of 

5 co ws du rin g ea ch repli cat ion ( F i g. 1 ) .  In o rd er to ensu re unifo rm 

colost rum co mpos itio n and f erment atio n  o f  ea ch di et , colost rum was 

sto red at 4 C  unt il th e ent i re a mo unt was co llect ed , a ft er whi ch th e 

colost ru m was co mpos it ed a nd then s ub divid ed equally a mong th e 4 

t reat ments  at whi ch t i me 2 of 4 receiv ed th ei r  addi t iv es .  Th ree of 

th e di et s  were stor ed in met al contai ners with plas t i c lin ers and 

wer e st i rred daily . T h es e  colos t rum t r eat ments were sto red at 

a mb i ent t emp erat ur es ra ngi ng fro m 1 6  to 37C. Th e f roz en col ostru m 

was sto red at - 32 C i n  plasti c�lin ed 9.5 lit er cont ain ers and tha wed 

wh en n eed ed 2 4  h p rior to  f eedi ng. 

Ca lv es rang ed fro m  1 day t o  1 wk o f  ag e wh en as s ign ed t o  th ei r  

resp ect iv e  di et s . Calv es were f ed f resh co lost ru m  fo r th e f irst 

2 4  h ,  th en s wit ch ed to th eir di et s  and f ed on ce daily fo r 2 0  days . 

Calv es were f ed a mixtu re of 2 .73 kg of colost ru m  an d .91 kg o f  

wat er ( 3:1 d ilut ion ) .  Calv es were hous ed i n  met al di ges ti on cr at es 

a nd were o ff ered s uppl emental wat er fr ee choi ce. 

Colost ru m s a mpl es were coll ect ed init ially and at 5, 1 0, 1 5, 

14 
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1 7  

and 20 days of storage. Samples were initially frozen and later 

analyzed for titratable acidity (40), total solids by the Mojonnier 

method, milk fat according to the Babcock method , total nitrogen (4) , 

and nitrogen constituents (61) by Kjeldahl and Rowland methods , 

respectively. Casein nitrogen was determined as the difference 

between total nitrogen and noncasein nitrogen. Whey nitrogen was 

determined as the difference between noncasein nitrogen and non­

protein nitrogen. The pH was determined using a standard glass 

electrode pH meter . Analysis of bovine imrnunoglobulins (IgA , IgG , 

and IgM) were made on composited fractions of colostral whey (28 , 

33). 

Blood samples were collected by jugular puncture at 2 h post­

feeding at O, 1 ,  2 ,  and 3 wk of the trial. On the last day of the 

trial ,  blood samples were collected at O, 2 ,  and 4 h postfeeding. 

Serum was separated by centrifugation and frozen for later analysis. 

Serum samples were analyzed for total protein (22) , urea nitrogen 

(9) , glucose (83) , and total cholesterol (21). 

Five different digestion trials were conducted. Fecal and urine 

samples were collected , composited ,  and frozen for later analysis. 

Statistical analysis was by least squares analysis of variance 

(Appendix Table 1) . Colostrum parameters were analyzed as a 4 

(treatment) x S(sampling time) x 5(replication) factorial. Serum 

parameters were analyzed as a 4(treatment) x 4(sampling time) x 5 

(replication) factorial except for the timed interval bleeding the 

final day of the trial which was a 4(treatment) x 3(sampling time) 



x 5( r epli cation ) factor ial ( App endi x Tabl es 3 an d 4) . Th e co los tr l.llil 

tr eat men t  by day int era ction as well as th e s eru m by week an d s eru m 

by hour interactions wer e analyz ed by th e Stud ent -N ewman - Keuls ' 

mult ipl e-ran ge t est  (69). Furth er, ov erall colo stru m treat ment 

mean s and ov erall co lostru m day means wer e analyz ed by Stud ent ­

N ewman-Keuls ' multi pl e-ran ge test (69). Mult ipl e r egr es s i on and 

corr elatio n t echniqu es wer e us ed to pr edi ct s er u m  comp on ents fro m  

colostru m co mpos it ion . 

1 8  



RESULTS AND D ISCUSSION 

Colostrum Parameters 

Colostrum compositional changes of greatest interest were the 

treatment by day of storage comparisons for components analyzed . 

Statistical analysis of specific colostrwn components are provided 

in Appendix Table 1 .  The table shows mean square expectations and 

significant F test comparisons .  

19 

Frozen colostrum exhibited minor compositional changes as antic­

ipated and will not be discussed in depth. The relatively small 

changes seen in some parameters were probably due to sampling errors. 

The pH (Fig. 2) showed a rapid decrease in N at ?ay 5. Colos­

trum with FT was higher at day 5 than P colostrum , while at day 10 

to day 20 the two treatments were similar .  The P treatment stayed 

at a constant reduced pH throughout the 20 days . Other researchers 

(38 , 42, 57 , 74 , 80 , 84) have found the pH of naturally fermented 

colostrun decreases with time , but it may increase after 10 to 12 

days of fermentation under high ambient temperatures (36) . In the 

FT and P treatments, the pH has been found to be reduced initially 

and remain low with time of storage (36 , 37, 43 ,  51, 59) .  

Titratable acidity expressed as percent acidity (Fig . 3) 

increased for N and FT diets with time , with N higher (P<. . 01) at 

day 15 and 20 . At day 20 the N treatment was higher (P.( . 01) than 

the FT and p treatments. This agrees with work by Otterby and Dutton 

(43) who reported an increase in titratable acidity over 28 days of 

natural fermentation . In addition , our data show that P treatment 
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FIG. 3 .  Inf luen ce of t i me on perc ent acidity of four co lostrlllfl 
t reat ments . Different s up ers cript s within days indi cat e  di ffer­
en ces (P(. . 01 ) .  
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held acidity constant at about 1 . 5% over days of storage. 

Milk fat (Fig . 4) showed no statistical difference between 

treatments with days of storage. However , N and FT exhibited lower 

levels of milk fat at day 2 0  than F or P colostrum treatments. 

Total solids (Fig. 5 )  decreased from day 1 0  to day 2 0  in the 

N and FT diets , and both were significantly lower (P<. . 01 )  than F 

2 4  

and P diets. Lowest values were reached at day 2 0  in N and F T  diets. 

Yu et al. ( 84 ) and others ( 4 3, 51 ) found total solids decreased with 

time of storage. Yu et al. (84 ) reported naturally fermented colos­

trum had a large decrease in total solids from 2 0 . 0  to 1 5 . 5% . In 

addition , Swannack (72 ) reported a decrease in total solids iD 

naturally fermented colostrum by 1 . 5  percentage units . The decrease 

in total solids is related to the associated decreases found in milk 

fat, protein , and other solids such as lactose. The loss of nutrients 

is probably a result of microbial utilization during the fermentation 

of colostrum. 

Total nitrogen (Fig. 6) decreased over the entire 20 day period 

in N colostrum. During the first 1 5  days FT and P diets were similar , 

but at day 2 0, p diet had less protein degradation than the F diet , 

although statistically the 3 preserved treatments were not different. 

Many researchers ( 42, 43, 51, 5 9, 72, 8 4 ) have reported various 

levels of protein degradation in colostrum. However , the additions 

of formaldehyde and propionic acid have reduced protein degradation 

compared to natural fermentation. Swannack ( 7 2 ) observed a decrease 

in total nitrogen. Otterby and Dutton (4 3 )  indicated little ch�nge 



\ 

2 5  

F I G. 4. Influence of time on milk fat of four colostrlilTl treat­
ments . 
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FIG. 5. In fl uen ce o f  t i me on tot al sol ids o f  fo ur colost rum 
t re at ments . Diffe rent s upers cript s within days indi cat e d i f­
fe ren ce s (P( . 01 ) . 
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FIG . 6 .  Influen ce of tim e on tot al nitrog en of four co lostrum 
tre atm ents . Di fferent sup erscr ipts within days indicate dif­
f eren ces (P(. 01 ) .  
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i n  total nitrogen with time, but considerable change was observed in 

the form of nitrogen. A decrease in total nitrogen with time of 

storage may be due to the utilization of colostrum nitrogen by the 

microflora during fermentation. 

Nonprotein nitrogen (NPN) in the colostrwn (Fig . 7 )  increased 

until day 2 0  in all preserved treatments. The N diet had the greatest 

rise and was significantly higher (P( . 01 )  than F T  and P at days 

1 0, 15, and 20 . At day 2 0  each treatment was statistically different 

(P� . 01 )  from each other . This agrees with other researchers ( 3 6, 

37, 51, 57, 5 9 ) who reported higher levels of NPN in naturally 

fermented than in colostrwn preserved with formaldehyde and p�opionic 

acid. Muller and Syhre ( 3 6 ) found a . 2 5% level of formaldehyde by 

vol1..UTle prevented protein breakdown . However , amounts used to preserve 

colostrum appear critical in order to prevent overprotection of 

protein. 

In Fig . 8 is presented NPN as percent of total nitrogen. The 

greatest degradation of protein to NPN occurred in the N colostru�. 

The FT colostrum paralleled these values while the P diet values 

were intermediate between that of the constant F levels and the 

other diets. Yu et al. (84 ) and Muller et al. ( 3 6, 37 ) reported 

higher levels of NPN as % TN in colostrum over time of storage . 

Values for naturally fermented colostrwn ranged from 1 6  to 2 3% under 

warm ambient temperatures ( 3 6, 37 ) as compared to 2 2% found in this 

study. 

In Fig. g the noncasein nitrogen levels were not significantly 



3 2  

FIG . 7 .  Influenc e o f  tim e  on nonprotein nitrogen o f  four colostrum 
treatments . D i fferent sup erscr ipts within days indicat e dif­
ferences (P(.01) . 
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FIG . 8. Influen ce of time on nonprot ein nitrogen as a p ercent 
of total nitrogen of fo ur colostrum treatments . Differ ent sup er­
s cripts within d ays indi c at e  differ ences ( P( . 01 ) . 
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different over th e four treatments with time o f  storage .  However, 

casein n itrogen (F ig. 1 0) values were statistical ly d ifferent 

(P < · 01) at day 2 0  b etween the F diet and the 3 preserved diets . 

Whey nitrogen (F i g . 11) exh ib ited a signi ficant decrease in N 

36 

(P<. . 01) from that of F, FT, and P di ets . The decreases in casein 

and whey nitro gen are asso ciated with the increase d NPN wh ich can be 

attributed to mi crobial fermentation. 

The averag e totals of ind ivi dual immuno g lob ul ins w it h  time o f  

storage were not stat istical ly different . In T ab l e  2, the total 

immunoglobul ins in each tre atment were not s ignif icantly di fferent . 

Further comparisons of immunoglobul ins are in Append ix T ab le 2 .  

Th is table shows individual irnmunoglob ul ins concentrat ions over time 

of storage . Colostrum treatment effects are not sep arated . The 

nonsigni fi cant d i fferences may be due to a number of factors involved 

in colostral immunoglobul in concentrat ions . Some of these factors 

include d ifferent yields fo und in he ifers' colostrum than cows' 

colostrum and c irculating serum leve ls found in the cows ( 28 ) .  

There w as no apparent degradation of i mmunog lobul ins with t ime . 

This result is not consistent with the decre ase in whey protein w ith 

time (F i g . 1 0) and is not re adi ly explained . T he FT tre atment had 

a nons ign ificantly lower concentration . This lower concentrat ion may 

be due to the prot ect ion of protein by formaldehyd e  whi ch m ay h ave 

inter fered with analysis. These results are not consistent with pre­

viously reported studies ( 6, 67) . Flog et al . (50) r eported no rela­

tionships between treatments of frozen colostrum, natural ly fermented 
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FIG . 9. Influence of time on noncasein nitrogen of four colos­
trum treatments . 
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FIG . 10 . Influen c e  o f  tim e on c asein nitrog en o f  four colostr um 
treatm ents . D ifferent sup erscripts within days indic at e  di f­
feren ces (P( . 01) . 
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FIG .  11. Influence of time on whey nitrogen of fo ur colostrum 
treatments. Different sup erscripts within days indicate dif­
ferences (P< . 01 ) . 
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colostrum, or whole milk di ets and s erwn immunoglobulin concentrations 

in c alves . These r esults supp ort r esults found i n  this study of no 

immunog l obul in br eakdown with time . Snyder et al . ( 67 )  foun d calve s 

fed n atur ally fermented colostrum had lower l ev e ls o f  immunoglobulins 

than calv es fe d fre sh or frozen colostrum, thus i nd i cat i ng immuno-

globu l i n  degradat ion with time of storag e .  Mor e work is ne eded t o  

det ermin e t h e  i nfluen c e  of var ious storag e methods on immunog lobul in 

concentr at ions in colostrum and c ircu l at ing immunog l obu l in concen-

trat ions in c alves . 

TABLE 2 . Comp ar ison of over all means of total and i nd ividual bovine 
immunoglobulins in whey of the four c ol ostrum tre atments . 

Colostrum tr eatment 
Item N F FT p 

-------------------- ( mg /lOOml ) ---------------------

T ot al I ga 16 5 9  1 697 1 4 5 1  16 3 5  

I g A  1 0 3  142  1 04 118 

I gG 1 4 5 2  1 427 1 2 6 0  1416 

I gM 1 04 1 28 87 1 01 

aimmunog l obulins 

Comp ar isons of overall treatment mean s of each c ol ostrum com­

ponent analyzed ar e in T ab le 3 .  Th es e me ans are valu es of tr eatments 

over all stor ag e days . I n  Tab le 4 is a compar i s on of over all day 

means for e ach c omponent . T hese tables ar e used only t o  provide a 

gen er al t rend on the e ffect of time o f  storage or type o f  pre servati on 

on compon ents analyzed . 



T ABL E  3. Co mpa rison of overall treat ment me ans over stora ge t i me for ea ch co mponent . 

Treat ment pH T . A .  Fat T . S .  T .N .  NCN NPN C. N .  W .N .  NPN /TN 

------------------------------------% ------------------------------------------

Nat ural 4 .  99b c  

Fro zen 6.18a 

For maldehyde 5. 14b 

Propioni c a cid 4.66c 

-

ab .. 1.35 4 .50 

o. 33b 4. 77 

0. 98ab 4 . 62 

1. 51a 4. 77 

14. 16 . 7926B . 3141 

15. 4 6  . 8622A . 3128 

14 . 07 .8104B . 3209 

15. 11 . so31B .3052 

A, BMeans with different supers cript s are different ( P{. 05) . 
a ,b ,cMeans . with different supers cripts a re di fferent (P(. 01) . 

.1128 . 4 785 .2053 14. 60A 

.0607 .5515 . 2518 7. 30B 

. 08 63 .4 891 .2350 10. 80AB 

.0694 .4 979 .2358 a. 74AB 

+ 
+ 



TAB LE 4. Compar ison of overall day means over tre atm ents for eac h  component . 

pH T . A. F at: T . S .  T . N . NCN NPN C . N . W . N . NPN/TN 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - % - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

D ay 0 5 . 83A 0 . 59B 4. g oa 15. 2 8  . 8324 . 30 15 

Day 5 5. 35AB 0 . 83AB .. 
4 .  77ab 15. 1 8  . 82 31 . 31 2 0  

D ay 10 5. 04B 1.  0 4AB 4. 69ab 14. 72 . 82 16 . 32 15 

Day 15 5. o oB 1 .  23AB 4. 6oab 14. 49 . 81 2 8. . 3 131 

Day 20 4. 88B 1 .  51A 4. 35
b 

13. 84 . 7 954 . 3181 

-
A , B  , C . h d . ff 

. . f ( <. ) b 
Means wit i erent superscr ipts are dif erent P . 05 . 

a , Means with different superscripts are different (P<. 0 1) .  

. 0525Cb 
• 530 9  . 249 1 6. 39Cb 

. 0667BCab. 51 1 0  . 2453 8 . 25ACab . 

. 089 2ABab
. 49 96 • 2 32 6  l l . lOABab 

. 0 942Aab . 5007 . 2 2 34 1 1 . 9 7Aab 

. 10 87Aa . 47 9 1  . 20 9 4  1 4. ogA a  

-+= 
CJ1 



Calf Blood Parameter s 

Stat is t i cal analys is of specific s erum components are provided 

in Appendix Tables 3 and 4 .  These tables s how me an square expec­

tat i ons and significant F test comparisons . 

Figure s  1 2  through 1 9  contain data on s erum const ituents from 

calves fed t he 4 diets . There were no s i gnifi cant stat i s t i cal 

differences between treatments for any s erum cons t i tuent s analyzed . 

Thi s  was due to the large variations b etween individuals within 

treatments .  

Weekly s erum glucose concentrat ions ( Fig . 1 2 )  ranged from 6 3  to 

1 0 0  mg/ 1 0 0  ml of s erum . The concentrat ions were within the normal 

range reported by Vagher et al. (77 ) .  Over the 3 wk p er iod , calves 

fed N and FT diets tended toward an overall decreas e in s erum glucose 

w�i ch may . be due to the decreas ed lactose and other maj or nutrient s 

in the s e  colostrums . These lower leve ls in colostrum may be caus ed 

by the loss of nutrient s to the microb ial populati on during fer ­

ment ation . With t ime after feeding , s erum glu cose concentrat i ons 

( Fig . 1 3 ) increased for all treatments . The increas e s  in gluc ose 

followed a p attern s imilar to that found by Reece and Wahlstrom ( 55) 

where concentrat ions peaked at 4 h postfeeding and i ncreas ed with 

t ime after feeding . 

Weekly s erum urea nitrogen ( SUN ) values ( Fi g . 1 4 ) ranged from 

9 to 1 6  mg/ 1 0 0 ml of serum . Although concentrati ons were not s ig­

nifi cantly different between treatments fed , a correlat i on of . 42  

exis ted b e tween the nonprotein nitrogen (NPN ) lev e ls in the colos ­

trum di e t s  and the associated SUN levels found in c alve s  fed these 

46 
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F IG . 1 2 . I n fluence o f  time on serum glucose from calves fed four 
colost rum treatments. 
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F I G . 1 3 .  Influence of time on serum glucose from calves fed four 
colostrum treatments .  
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F I G .  14 . In fluen ce of t ime on s erum ure a n it rogen from calves fed 
four colo s t rwn t reatm ent s .  
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treatments . The N treatment depict e d  the high e st levels of NPN in 

colostrum while SUN leve ls we re highest in calve s fed this diet . 

Calves fed P treatment exhib ited the lowest value s  in SUN whi ch 

agre es with t he lower levels of NPN found in P colostrum . The s e  

pat t e rns are cons istent with the h igher SUN fre quently found in 

mature rum in ants fe d high level s of di etary NPN . A stepwise multiple 

r egre s sion an aly s i s  was computed on factors influen cing the levels 

of S UN found in calves . The regre ssi on equation was mg of SUN/ 100 

ml of s er um = 10 . 14 + 5 0 . 95 (NPN ) - 2 . 0 8 (T A ) .  

In 1 9 4 8 , Parrish et al . ( 4 9 ) report ed a s imilar re lat i on sh ip in 

dairy cows . If  the cows had an increas e in pr ot ein con s umpt ion , the 

in crease would rai se the NPN leve ls found in the colostrum and also 

in the s erum . Parrish et al .  ( 4 9 ) indicat ed that the s erum ure a  

accounted for two-t hirds o r  more of the NPN . 

With t ime aft er f eeding ( Fig . 15 ) the N t reatment depicted the 

h ighest levels of SUN wh ile FT treatment p aralleled thes e  values . 

The P t reatment showed the lowest levels although P had a larg er 

incre ase from 2 to 4 h postfe�din g  than that o f  F wh ich was const ant 

at ab out 9 . 5 mg/1 0 0  ml . The s e  SUN levels were within the normal 

range of 0 to 2 8  mg/1 0 0 . ml reported by Watt ( 7 9 ) , Thornton et al . 

( 7 5 ) , and Vagher et . al . ( 77 ) for calves 0 t o  4 wk old . However , 

Reece and Wahlstrom ( 5 5 )  report ed no s ignif i c ant in crease in SUN con­

centrat ions wit h t ime after feeding in calves fed milk or milk 

replacers . These die t s  and SUN val ue s are comp arabl e t o  the F diet . 

Se rtnn prot e in levels were un changed ( F i g . 1 6  an d 17 ) .  Value s  
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FIG . 1 5 . Infl uen ce of time on serum urea nitrogen from calves fed 
four colostrum treatments . 



w o 0 ->- u  
I <( 
W U  
o --1 z _j z 

� w < o 
� o� � a.. 
� er: 0 
<( a:: 0 0:: 
Z lJ... LL 0.. 
ll D � c:l  

I I I I I I I I 
w LO � r0 N .-- o en o 
..- .-- ..- ...... .-- .-- ...-

( 1w oot16 w) N390t:Jll N V3tJn l!'JntJ3 S 

5 5  



56  

F IG .  16 . Influence of time on serum prot ei n  from ca lves fed four 
colostrum treatments . 
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FI G. 1 7 .  Influence o f  time on serum protein from calves fed four 
colostrum treat ments. 
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ranged from 7 . 1 to 8 . 2  g/ 1 0 0  ml of serum . These values were higher 

than va lues reported by Vagher et al . ( 77) a nd others ( 27 , 6 0) . 

Tennant et a l .  ( 7 3 )  reported serum protein levels o f  4 . 0 to 9 . 2  g / 1 0 0  

ml in Holstein calves from 1 t o  3 5  days old . Fa ctors contributing 

to the differences may be age , plane o f  nutrition , environmenta l 

fa ctors , and time after feeding . 

The last serum constituent ana lyzed was cholesterol to determine 

if fermented colostrum has any significant effect on lowering the 

serum cho lestero l level in the calf . A relationship between fer­

mented milk and serum cholesterol wa s found by Mann and Spoerry ( 3 0) 

when monitoring serum cholesterol levels in Africa n  men . The . 

men were on a high milk diet and gained weight but their serum 

cholesterol levels were lowered . The milk may have been the fa ctor 

responsible because the milk was fermented with a wild culture of 

Lactoba cillus . However , in the calf trials ( Fig .  1 8  and 1 9) there 

were no real trends found between the dietary treatments and concen­

trations of serum cholesterol by week or by hour a fter feeding . 

Ca lf Performance Mea surements 

Ca lves were weighed each week . Average daily gains are not 

reported because ca lves were offered liquid diets as their only 

source of nutrients and thus lost weight . The tria ls were designed 

primarily to determine compositional changes in colostrum with time 

of storage a nd metabolic variations in ca lves fed different 

colostrum treatments , and not to eva luate ca lf performance . Diges­

tion trials were conducted , but with the diffi culty encountered in 

6 0  
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F IG .  1 8 .  Infl uence o f  time on serum cholesterol from cal ves fed 
fo ur colostrum treatments . 
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F I G . 1 9 . Influence o f  t ime on s erum c hole st erol from calves fed 
four colostrum t re atment s . 
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fecal a nd urine collection , considerable variation was found between 

treatments and within treatments. Therefore , no consistent pa tterns 

were indi cated and the data are not reported . 

Incidence of diarrhea was recorded . Calves a ffected were those 

bought from surrounding farms and may have been due to cha nging 

environmental surroundings. However , i ncidence of diarrhea was 

higher in ca lves fed FT treatment which agrees with. previous work 

by Muller et a l . ( 37 ) .  
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APPENDIX TABLE 1 .  Analysis of variance for 4 x 5 x 5 factorial. 

Source 
Degrees Est imated 

of freedom mean squares pH T . A .  Fat T . S .  T . N .  NCN NPN C . N .  W . N .  NPN/Ttl 

---------------------------------------Hean squares ---------- -------- --------- --- ----------------
Total 95 

2 2 
Replicat ion 4 <'e + td O"R 0 . 09 35 . 1 2  0 . 47 4 . 78 0 . 1 2 0 . 04 0 . 002 0 . 02 0. 05 67 . 96 

2 2 2 
Day a 4 0"e + t OllD + rt<5D 2 . 75** 235 . 8 5"* 0 . 67 ** 5 . 67** 0 . 003* 0 . 001 0 . 00 9** 0 . 006* 0 . 005* 1 7 1 . 90** 

2 2 
Rep . x day 1 6  O'e t tO'RD 0 . 1 9 1 4 . 98 0 . 05 o . 7 4  0 . 001, 0 . 002 0 . 0004 0 . 002 0 . 002 6 . 96 

Treatment a 
2 ). 2 

3 O'e + dOTR + rddT 9 . 28** 5 7 5 . 48** 0 . 34 9 . 54** 0 . 02** 0 . 001 0 . 01"* 0 . 02** 0 . 008* 230. 74·�· 

2 2 
Rep . x trmt . 11 de + d CS TR 0 . 05 1 3 . 93 0 . 24 1 . 02 0 . 001 0 . 002 0 . 001 0 . 002 0 . 002 1 3 . 60 

2 2 
Ilay x trmt . 12 de + rd ot 1 . 1 3"* 8 2 . 81** 0. 12 1 . 64** 0 . 002** 0 . 0006 0 . 002** 0 . 003"* 0 . 002• 3 3 . 41** 

2 
Error(rep . x day x trmt . )  44 de 0 . 04 s . 8 s  0 . 01 0 . 34 o . ooos 0 . 0009 0 . 0002 0 . 001 0 . 001 3 . 2 6 

:rixe1 variables 
P� OS 

**r� Ol 

'I 
+ 



7 5  

APPEND I X  T ABLE 2 .  Comp arison of overall me an s  o f  ind ivid ual bov ine 
immunog lobul ins with day s of storage . 

Da s 
0 5 1 0  1 5  2 0  

- - - - - - - - - - - - - - - - - - - - - - - - - - - (mg / l O Oml ) - - - - - - - - - - - - - - - - - - - - - -

IgA 1 0 8 . 1 6 ll 5 .  88  1 0 5 . 6 6 1 2 3 . 6 5  1 2 9 . 5 5  

IgG 12 2 5 . 7 5 1181 . 6 0  1 6 7 3 . 20 1 19 0 . 7 0 1 6 7 2 . 1 5  

IgM 1 2 1 . 1 2 1 2 9 . 48 114 . 8 5  7 4 . 5 3 8 5 . 1 3  



APPENDIX TABLE 3 .  Analys is of varian ce for 4 x 4 x 5 factorial . 

Source 
Degrees Est imat ed 

of freedom mean squares 
Serum 

glucos e 
S erum urea 

nitrog en 
Serum 

prot ein 

--- -- - ------ ----Mean s quares --- - - - -- -- -- -- -
Tot al 

Rep licat ion 

Week a 

Rep .  x week 

Treatment a 

Rep .  x trmt . 

Week x trmt . 

Error ( rep . x week x trmt . ) 

a 
· d · ab  , F ixe var1 les �:P(. 0 5 

80 

.. 4 

3 

1 2  

3 

1 2  

9 

36 

2 2 
0-e + w�R 6 1 2 . 72 1 . 9 9  8 . 2 2 

2 2 2 
0-e + t 6Rw + rtO'W 545 . 14 0 . 74 1 . 9 2 

2 2 
O"e + tO-Rw 745 . 5 2 0 . 2 3  4 . 9 3 

2 2 2 
O'e + w es'RT + wr0 T 1 6 2 5 . 01 2 . 3 9 6 3 . 7 5 ;H:  

2 2 
<Je + w6RT 1 031 . 8 8  6 . 04 1 1 . 6 9 

2 2 
Oe + rcS WT 305 . 87 0 . 2 3 5 . 00 

2 
Oe 6 40 . 50 0 . 2 7 3 . 86 

-...J 
CJ) 



APPENDIX TABLE 4 .  Analysis o f  variance for 4 x 3 x 5 factori al . 

Source Degrees Est imated 
of freedom mean squares 

Serum 
glucose 

Serum ure a 
n it rogen 

S erum 
prot e in 

- - -- -- -- -- -- ---M ean s quares ------ -- -------
Tot al  60 

Rep lication 4 

Hour a 2 

Rep . x hour 8 

Treatment a 3 

Rep .  x trmt . 1 2  

Hour x trmt . 6 

Error(rep . x hour x trmt . ) 2 4  

aF ixed variables 
�·�P< . 05 �H:P( . 01 

2 2 
de + htOR 164 9. 96 13. 99 2 . 4 6  

2 2 2 
de + t ORH + rtO H  5 8 8 5 . 67 3 3 . 7 o�·:�·: 0. 19 

2 2 
<Je + tCRH 104 3. 07 3. 64 0. 13 

2 2 2 
O e  + hd RT + rhO T 613. 13 5 6. 97 0. 66 

2 2 
O e + hd RT 1016. 5 0  2 8 . 4 3  4 . 34 

2 2 
d e  + rd HT 4 99. 63 2 . 95 0. 11 

2 
O'e 5 10. 05 1 .  7 4  0. 08 

-..,J 
-..,J 
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