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ABSTRACT 

Doct'or of Phi losophy \ Animal Science (Nutrition) . 

LUMIR A. DREVJANY 

THE FEEDING OF FEfUIENTED COLOSTRUM TO NEONATAL CALVES 

, 
The pospibility of improving the nutritive value of fer-

mented colostrum for neonatal calves was investigated in 

5 trials involving 164 Holstein calves' and in 2 laboratory 

experiments. 

The inoculation of cOkostrurn with S. 
\. . 

lactis culture ensured 

a highly palatable and more uniform product. Calves fed the 

inoculated product gained :ln weight quicker and consumed 
" more starter than those fed naturally fermented colostrum . 

tThe additlon of sorbie aeid to S. lactis lnoculated colo­

strum control1ed the mold contamination, partieularly 

during hot SUITU!1er weather. This lowered the degradation 
~ 1 

of lactose and protein and extended the ';storage life. The 

~'application of 1,000 ppm of sorbie aeid during the flTst 

4 days of st orage is, therefore, reco~~ended. 

An undesirably narro~ ratio of DlgesLible EnergyjDlgestible 

Protein in colostrum was widened through the use of a 

supplementary energy source. These treatments also 

improved the~performance of calves. 
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RESUME 

~ ", 
LUMIR A. DREVJANY 

DISTR!BUTION DE COLOSTRUM FERMENTE 
.A DES VÈAUX EN PERIODE POST-NATALE 

o J 

Nutrition 

Lâ po~sibili t~ dl améliorer la valeur nutxitive du colo-
, 

strwn fermenté pour des ve'aux en période post-natale a 

été étudiée. Dans ce~but, 2 expérlences en laboratoires 
,,,' . , ~ 

et 5 essais portant sur 164 veaux Holstein ont été etfec-

tués~ 

L'ensérne~cement du colostrum avec une culture de S. Zactis 

a donné un produit plus homogène et ayant une excellente 

appéte'nce~ Les, veaux ayant reçu du colostrum ensemencé 

ont 'èu une meilleure croïssance et ont consommé plus 

d'aliment début que ceux auxquels on a donné du colo-

o strwn fermenté naturellement. 

L'addition d'acide sorbique au colostrum ensemencé avec 

du S. Zactis a permis de co~trôler la contamination pour 

les moisissures, surtout pendant les chaleurs de l'été. 

Cette opération a aussi réduit l~ dégradation du lactose 

et des protéines et a prolongé la durée de conservation. 

De ce fait, il est recommandé d'ajouter 100 pprn d'acide 

sorbique durant les 4 premiers jours. 

L'utilisation d'une source d'énergie supplémentaire a 

permis d'accroître le rapport Energie nette/Protéines 

digestibles, qui, autrement a une valeur faible et non 

souhaitable. Ces traitements ont aussi amélioré les 

performances des veaux. 
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CLAIMS TO ORIGINAL RESEARCH 

1. The first demonstration, as far as the author is 

aware, that bovine colostrum and transitional milk 

are energy deficient when fed as the oJ;lly dietary 

component to neonatal calves. 

2. The first~study, as far as the author_is aware, which 

employs inoculation wi th homoferrnentative S. laatis 

in addItion to mold and yeast inhibition by sorbIc acid 

ta increase the residual glucogenic energy pool .in 

fermented colostrum, and dlrec_~ energy supplementation 

to widen the DE':DP ratio in ferrnented colostrum to 

level required by neonatal calves. 

, 3. The first report, as far as the author 18 aware, to 

assess the effect of sorblC acid applicatlon on 

residual çontent of nutrients, control of molds and 

yeasts and visual characteristics and odour of fermented 

colostrum. Similarly the effects of dose, t ime of 

application of sorbic acid and storage temperature on 

nutritional value of fermented colostrum during storage 

were determined. 

4. The data obtained are the first, as fiu as the author 

i8 aware, to indicate that improved gains of calves, 

consuming colostrum treated wi th sorbic acid, do not 

reflect "growth promoting properties" of sorbic acid, 
, . 

but cao be explained by ïncreased residual level of 

lactose and protein in sorbic acid treated colostrum. 

5. The Ï'ir8t demonstrat ion, as far as the author is 

aware, that supplementation of fermented colostrum 
q, 

with suitable energy source, particularly during t,he . ' 

first 3 weeks of the calf' s life, when colostrum i8 

the main source of nutrient~, will result in higher 

,gains and irnproved feed cçmversion. Whi le the digesti-
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bili,ty of nutrients in energy supplemented diets 

,was somewhat depressed, the metabolism of protein 
) 

and consequently its'conversion,into gain'was lmproved 
, 

wi th each lncrement of DE and widening of DE ta DP 

ratio. ., . ,\ 
\1 

.6. , o"Th,e. first stu~y, as far as the author is Q aware, con­

firming th,at t:he <?n~rgy requirements of neonatal calves 

on fermented colostrum diets are ln agreement with 

values' established by"other authors for neonatal 

calves raised on different milk-product based diets. 
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GENERAL INTRODUCTION 

The average dairy cow produces c01~~truml' and transitiona1 

mi1k2 in excess of the requ{rement~, ,of t~e newborn calf. 

Usua11y, during the first 8 toulO mi1kings postpartum, 50 , , 

to 60 kg of this surplus product is accumulated, averaging 

between 15-16% total solid~. ,Freezing of colostrum, pro­

duced over the first two mi1kings, appears to be justified 
If' 

when preservation of its iJl!l1lunoglobulin content lS require,d. 

However, when the total quantitl>y of surplus colostr.um is 

,to be stored for future use in calf raising, a 1ess expen­

'sive method of preservation 'should be used. Swanack (1971) 

stored colostrum at ambient temperature and fed it to 

ca1ves as a fermented product. Natural fermentation, though 

convenient and inexpensi ve, 1eads J pa'rti cular1y during 

,hot summer weathe'r and/or pro1onged storage, to a lack of 

unif~)rmi ty and, pa1atahili ty of the" product. RefusaIs by 

cai ves, of naturally ~ermented colostrum 'during warm ambient' 

temperatùres have been reported by Kaiser (1976), Muller 

etaI (1976), and Rin'dsig' (1976). Initia11y,some calves 

fed,naturally fermented colostrum requlred substantial 
• r 

encouragement for one or two f~edings (Otterby et al,' 1976). 

Rindsig and Bodoh (1977) observed that varying amounts of 

colostrum were refused by approximately one-half of a 

group of calves fed natura11y fermented colostrum, and by 

two-thirds of a group of calves fed colostrum treated with 

,1% of ~ropionic acid. Most refusaIs of the propionic acid 

treated colostrum occurred during the fi~st 7 - 10 days. 

Simi1arly, refusaIs were,gteater by ca~ves fed an acetic 

acid treated colostrum, than by calves fed naturally fer­

mented colostrum or mi1k (Polzin et al, 1977). 
'" 

, , 

lMilk secreted fo~ a few days after parturition and charac­
terized by high protein and immune body content. 

2Transïtional milk is "the, term chosen 'to characterize 
that collected durîng the first 4 days after calving., 
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" During natural fermentation 1 microorganisms,which are 

often referred to as heterofermentative, degrade the) 

nutrients in colostrum to a variety of prod'ucts of ques­

tionablè nutritive value, and their presence may result 

in production of toxins (Pelczar et al, 1977). 'Sorne of 

s~ch products are lipogenic' by nature (ethylalcohol,·ketones, 

acetic and butyric acids) and do not contribute to meeting 

the requirernents of newborn calves for glucose. These pro­

ducts often do not dissociate at aIl or as is the case of 

volatile fatty acids (VFA), the3 disso~iate very little 

(pK 4.8). As pK is logarithmically expressed, the drop 0f 

pH by one unit (from pH 5 to pH 4) will result in a la 

fold drop in dissociation of acetic acid, the major VFA 

in naturally fermented colostrum. 

This means that in -order to reach an opj;imal pH for près,er'­

vation of colostrum (pH 4-4.5) more glycogenic substrate 

must be degraded, resulting in a low level of residual 

lactose. Homofermentative microbes such as S. lactis on 

the other hand, are capable of converting the -lactose to 

lactic acid, which dissociates very readily (pK 3.1) and 

lowers the pH without lowering unnecessarily the lactose 

level in colostrum. Inoculation of colostrum wlth S. lactis 

should quickly lower and then rnaintain the pH wlthin 4 -

4.5. In such an environment, the contamination of colo­

strum by acid sensitive microbes will be lowered. Acid 

,resi stant molds and yeasts, however, will f10urish. Methods 

to control fungal contamination, leading to an increased 

residual level of nutrients as weIl as higher palatability 
i 

of colostrum, appear to be n~eded. 
J 

Sorbi~ acid, widely used as mold inhibiting agent in the 

food industry, seems to be an ideal mold inhibitor for 

use in fermented colostrum. It leaves no unacceRtable 

residues, does not impair the palatability of colostrum, 

or interfere wlth the vital reactions of microbes impor­

tant for lactic acid producing fermentation. In the 

II 

! 1." 

H 
(1 



1 .' 

~. 1 

'1 

'" -
\ . 

fermentation of colostrum, the selectivity of the inhibi-. ~ 

tory effeet of sornie acid would be of high value.· tmard 

'and Vaughn (1951) found t6at catalast-negative bacteria 

(S. Zaotis .. S. thermophiZus) L. buZgarieus. etc.) grew 

without noticeable inhibition by sorb1c aeid. 
, ,. 

'" <J 

Increased participation of homofermentative microbes ~ 

(S. Zaotis) and applieatioij of sorbic acid should lead to 

a higher level of residual nutrients as weIl as increased 

production of lactic acid in fermented 'colostrum. 

~ 

Lactic acid can be converted to glucose b~ gluconeogenesis 

and as'such, is available ~o the calf as a source of,energy . . 
and to spare other glucogenic substrat~s, particularly 

amino acids. 

That increased availability of glucose results in improved 

efficiency of protein utilization was' demonstrated by 

·.Hegsted et al (1976), who infused humans wi th hypertonic 

glucose and protein hydrolysates and observed that adequate 

energy permitted hydrolysates to be used for protein 

synthesis instead·of glucogenesis. 

Such a possibility ~oes not exist however, when dietary 

fat is used as a source of supplementary energy. When fat 
\ was increased from 10 g ta 300 g of dietary dry matter, , 

the fat deposition in the carcass of the calf increased, 

but retention of nitrogen was unaffected (Roy, 1973). 

Fermented or chemically preserved colostrum is commonly 

regarded as an i~eal feed for the neonatal calf. Closer 

scrutiny will reveal, however, that due t~ a relatively 

high protein content and low energy value, its ratio of 

digestible energ1 (DE, kJ~. to digestible protein (DP, g) 

is far from ideal. According to Cunningham et al (1958), 

a DE to DP ratio of less than 104.6 ~J (25 kcal) DE/g of 

digesti ble protein' is growth limi ting in neonat al cal ves. 
jI! 
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Lister and Lodge (1973) concluded that 129.7 - 133.9 kJ 

(31-32 kcal) DE/g of DP wou1d be required for optimal 
., 

utilizatlon of milk protein. In fermented colostrum, this 

ratio is between 63 and 84 kJ DE/g of DP. 

Increasing the energy density of calf starter by adding 

&teamed corn (15.6 kJ/g of starter) and reducing Its pro­

__ ~ein coptent from the eXIsting 18% to 10%, (DE/DP ratio 

of 158.9) did not brIng about the necessary Improvement 
1 

(Drevjany, unpub1ished data). The intake of calf starter 

entering the non-functional reticulo-rumen is 10w and so 

is the dIgestibI1ity of its components, partIcularly starch. , 
In the absence of a slgnlficant number of starch dlgestlng 

rumen microbes, the utlllzation of starch depends mainly 

on the presence and actlvlty of pancreatîc and intestInal 

eozymes produced by the neonata1 calf. A study by Radostits 

and Bell (1968) of the dIgestibI1ity of oat flour added to 
\ 

skim milk powder ln diets for neonatal calves showed 

that the apparent digestibllity of the energy in oat flour 

was zero at 6 days of age. Since the oat meal starch was 

apparently transported dlrectly into the abomasum, the 

study demonstrated the absence of amylolytlc activlty of 

neonatal calf during,the first week of Its life, as weIl 

as absence of starch digéstIng mIcrobes in the lower 

digestive tract, known to eXIst in functional rumInants. 

When the calves reached 24 days of age, the apparent 

digestibility had improved to only 26.0%. These authors 

concluded that pOlysaccharides like starch, and disacc-
------harldes 1ike maltose are not weIl utilized unti1 calves 

are about one month of age. Gelatinization of starch 

(Schoch and EIder, 1955) ,and/or addition of amylolytic 

enzymes (Morrill et al, 1970) may somewhat improve the 
\, 

digestibi1ity of starch by the neonatal calf. The lack 

of sufficient capacity and qualitative development of 

the reticulo-rumen in the neonatal calf makes the attempts 
• 

to change the DE/DP ratio in the diet of the, young calf 

through calf starter rather questio~ab1e. 
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Incorporating components, which are highl~ d.igestibl_e~y:c 

the n~o;atal calf~~into fe~mented colostrum, so that the 

mixture will be transported directly ,into the ab~masum, 

appears to offer a practical alternative to change the 

DE/DP ratio. 

• 

, \ 

" 

/ 

, 

, 

__ , ____ " _______ ""~_4_~_~ ____ -__ -~_ 

" 



" 

\ 

1 

I~ 
6 

- RESEARCH._DBJECTIYE ----_._-,--

The .study had two aim~. The first was to develop a ~,' 
, , 

method of preserving th~ nutritive valu~ of surplus colo-
" strum. The second 'wap te use this colostrum effectlvely . 

in the diet of neonatal ~~lves. Specifie aims were: 

to improve the uniformity, paYatability and storage lile 

of fermented colostrum, particularly during hot summer 

weather. 
" 

to lower the nutrient losses during fermentatIon .and 

thus increase the content of nutrlents subsequently 

available to the neonatal calf. 

- to control the contaminatIon of fermented colostrum by 

acid resistant molds and yeasts and establlsh condItions 

under which such control would be maximized. 

- to widen the Digestible Energy: Digestible ~rotein 

ratio in fermented colostrum so that the requ~rements . 
of the neonatal calf are appropriately satisfied anq 

calf's performance improved. 
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Department of ANimal Science, Macdonald Campus of McGi11 
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Valuable contribution in statistical evaluation of the 
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CHAPTER 2 

A. 

l 

PHASE l - THE EFFECT OF INOCULATION OF COLOSTRUM 
ON ITS STORAGE CHARACTERISTICS 

AND ON CALF PERFORMANCEl,. ,'" 
"-

INTRODUCTION 

.~,\ . 

Fermented bovine colostrum is an, 'ideal feed for young 

calves, but sorne Of.ltS unattractlve properties have often 

deterred farmers from maklng greater use of It. During hot 

surruner weather, naturally ,ferrnented colostrum becomes con­

tamlnated with undeslrable !111Croorganlsm~ (Muller and 

Smallcomb 1977; Rlndslg et al. 1977), nutrlent degradatlon 

lS exceSSlve (Carlson and Muller 1977; Otterby et al. 1977~ 

Po'lzin et al. 1977, Rlndslg and Bodoh 1977, Rlndslg et al. 

1977), storage Ilfe lS shortencd (Muller and Syhre 1975), 

and acceptabll1ty by calves lS lowered (Muller'et al. 1976; 

Rlndsig and Bodoh 1977); ~Colostrum that ferments sponta­

neously provldes the same opportunlty to aIl mlcroorganisms 

in that environment where the colostrum was produced, 

manlpulated and eventually stored, to participate in the 

fermentation process (Pelczar et al. 1977). T~e type of 
" ~, 

microbes participating ln ,the fermentation and the final 

prod~cts to which lactose and other fermentable compounds 

are converted have a substantial effect on the nutrients 

available to the calf (Pelczar et al. 1977) as weIl as upon 

the palatability and uniformity of the fermented product. 

In an effort to regulate the fermentation process in a 

desired direction, one promising alternative wou1d be mas­

sive inoculation of colostrum cultures of homofermentative 

microbes. Such microbes, in the environment prevai1ing in 

colostrum, are capable of converting la~tose with nearly 

100% efficiency to lactic acid (Collins 1977; Keen 1972; 

Pelczar et al. 1977). It can be assumed that such inoculation 

The contents of this Chapter have been published: 

Drevjany, L.A., Irvine, O.R. and Hooper, G.S. 1980. The 
feeding of fermented colostrum to neonatal cal yeso 1. 
The effect of inoculation of colostrum on its storage 
ch~racleristics and on calf performance. Cano J. Anim. 
Sei. 60: 885-897. 
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will ~imultaneously lower the partlcipation 'of hetero­

fermentatlve microbes producing variable proportions of 

,lactic acid, volatile fatty acids, etpanol, higher ~lcohols, 

ketone~, g~ses and other substances with questionable nut­

ritive value (Pelczar et al. 1977; Pette 1964). 

Limi ted ,attempts to inoculate fresh colostrum wi th homo­

fermentative microbes have not shown consistent positive 

e~fects (Muller and Syhre 1975; Otterbyet al. 1?77). 
1 

However, NaJman and Hladik (1962) reported a signlficant 

increase ln average dally gain (P< O. 05) by calves fed 

wlth 2% fermented milk, using S. Zactis cultured butter­

milk as the inoculum, compared to 2% fresh mllk. 

1 

The purpose of this study was to determine If inoculation 

of colostrum wIth a specIfic homofermentative c~lture would 

lead to a more uniform, palatable and nutritious product 

with an acceptable storage life, particularly during hot 

summer weather. This study conslsted of a laboratory trial 

(trial 1) and a calf growth experiment with fermented colo­

strum (trlal 2). 

B. MATERIALS AND METRODS 

(a) Trial l \ 

Colostrum and transitional milk (transitional milk 

,is the term chosen to ~haracterize t?at collected 

during the first 4 days after calving) from one cow 
\ 

were thoroughly 'mlxed and equally divided into five 

samples so that after eigbt milkings, 10.8 L were 

accumulated per sample. One hundred and fifty mL 

of a "specifie lactic acid producing culture" 

(commercial lactic acid cultures for samples A, B 

and C were supplied by Roran-Lalley Company, Rexdale, 

Ontario) were added on the first collection day to 

samples A, Band C, 'while sample D was ferrnented 

naturally and E kept at 4°C (Table 1). * 
*( See page 10). 
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Storage temperatures during the first 4 days were 

adjusted to 230 C for samples A and D and 330 C. for 

samples Band C. From 4 da ys up to the end of ex­

periment at 28 days, aIl fermented samples (A-D) 
o were kept at room temperature (20 C). To irnitate 

farm conditions, each sample was thoroughly mixed 

twice daily. 

cheese clotho 

Samples were covered loosely with 

Ti,tratable acidity and pH were analyzed six times 

per sample during the experiment. The pH valués 

were obtained'by a Fisher pH meter with glass ele~t­

rode. The total titratable acid conten<t was deter­

mined by titrating 9 mL of undliuted colostrum to 

a phenophthalein end point with 0.1 N NaOH. Fat, 

protein and lactose were analyzed at the end of the 

collection period (day 4), and residual lactose again 

at the end of the expériment (day 28). Fat was deter­

mined on a Mark II Foss Milko Tester and protein on 

a Foss Pro-Milk Tester, calibrated against semlmicro­

Kjeldahl analysis. Lactose was analyzed as reduci~g 

sugars using Association of Analytical Chemists 

(1970) polarimetric method '16-049 .. 

(b) Trial 2 

* 

Thirty-two Holstein bull calves were purchased f,rom 

Kemptville area farms. Wi thin 12 h after birth', the 

farm was visited by a member of our technicai staff 

who inspected the calf's general health (body tempera­

ture, signs of diarrhea) and assured early iptake of 

To keep the text of the articles intact but to 
enable cross-referencing with,Chapters 6 and 7, 
the numbering of the tables and'figures appearing 
at the end of the thesis was changed. The ~oman 
numeral refers ta the phase of researcb, the 
Arabie number to the table or figure number 
appearing in the text . 

" 
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fresh colostrum. Eaab calf received, intramuscularly, 

1.8 cc of vi'tamin ADE solution (Poten ADE, Rogar STB,' 

'London, Ont.) and 1. 2 cc of selenium and vi tamin E 

solution (Dystosel, Rogar STB, London, Ont.). 

Calves were fed 1.8 L of fresh colostrum twice daily 

for the first 4 days. 

According to cornp1etely randomized design with four 

treatments, surplus colostrum from the first mi1king 

was'randomly inoculated at the farm with 200 mL of 

the Fespective microbia1 culture as in treatments A, 

Band C in trial l (Table 1). Treatment D was allowed 

. to ferment naturally and served as the control. 

Add1 ti'onal colostrum from the sarne source was added 

fo.r the next seven mi lkings . 
.1

0 

Farmers were encouraged to store~the colostrum at 

temperatures considered desirable (20-25 0 C for treat-
. , 0 

ments A and D, 33-37 C for treatments Band C). 

At the end of da,y 4, the calves and colostrum, were 

transported to the research facilities. The calves 

were housed ~n individual pens with wooden slatted 

floors in a foreed-air ventilated room. Colostrum 

was stored in plastic containers wi th tight, fi tting ~ 

lids at room temperature (22.5 ± 2.60 C). 

On arrivaI, eaeh calf was ehecked for body temperature 

and signs of diarrhea and injected with 5 cc of peni-
, 

cillin. On the first day, aIl calves were offered 

2.25 L of undiluted fermented colostrum twice a day. 

~ Starting on the second day, 2.25 L were offered once 

daily between 0800 and 0900 h, with simult~neous free 

choice offerings of. water and calf starter containing 

20% erude protein. Each calf was fed with cqlostrum 

produced by its dam. The consistency of feces and 

rectal temperature were recorded twice daily. Un-

[, 

, .. ' 
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, , 
consumed colos~rum was recorded daily; starter 

weighbacks and \tiodY weight were recorded weekly. 
\ \ 

Calves were weaned abruptly from colostrum at 25 days 

of age. 

Il 

At day 4 representative' samples of colostrum were 

analyzed for total solids, pro~ein, fat, pH and 

titratable acidity, using the same methods as in 

trial 1. Total solids,in the colostrum were deter­

mined by vacuum oven drying at 1000C. Colostrum was . 

. analyzed for pH ant! t~i tratable aCldi ty at regular' 

weekly intervals throughout the),experiment. 

o 
o • 

Analyses of varianc,e were'according to.me~hods des-

cr~d by Steel and, Torrie (1960) for randomized 

de~fgn. 
1 

C. RESULTS AND DISCUSSION 

(a') Total Titratable Acidity and pH 

~he effect of inoculation wi th va~ious homofernren- ' , -----
tative lactic cultures 'on pH and titratab~e acidity 

development, during the storage period in trials 1 

and 2, is presented in Figs. 1 and 2. The pH 

changes (~olid line) and the variation among samples 

(strip~d area) for aIl treatments in the course~of 

colostrum storage in trial 2 are compared w~th the 

curve from trial l (broken line) superimposed in the 
:' Cl • 

same figure. 

Lactic ~cid production and lowered pH aid in ex­

tending the storage life of fermented colostrum as 

weIl as pre~erving nutritive value and palatability 

(Swanneck 1971). 

Thompson and Marth (1974) demonstrated that when 

the pH of natural·ly fermented colostrum dropped 

'\ 

, ' 

'. 
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below 4:5, the reproduction of coliform bacteria, , 
,fecal St1'eptocoaai and gram-negati ve bacteria was 

inhibited to the point that their count started to 

decrease until the end' of the st orage period. This 

indicates that a sudden drop i'n pH below 4.5 will 

13 

,effectively suppress the reproduction of acid­

sensitive contaminants in fermented colostrum. Acid­

resistant lactic acid producing bacteria, yeasts and 

molds were unaffect~d. However, a further decrease 

in pH, particularl~~e:-ow the value of 4, may ,have, 

as noticed in trial 2, a negaiive effect on colostrum '\' 
palatabili ty. This is mo're obvious during the first 

14 days, of the 'calf: s life. ' It appears that the 

optimal zone of pH within which the colostrum should 

be rnaintaineq is between 4 and 4:5. 

tn trial l, the pH values of inoculated samples 

(A, Band C) had already dropped into the desired 

rang~ be~ow 4.5'at th~ start of the storag~ period 

(day 4) (Fig. 1). It should be noted that colostrum 
• inoculated with S. Zactis maintained pH within t the 

-optimal zone throughout storage and at the same'tirne 

had the lowest variation in pH in the second half of 

the storage period. This positive eff~ct of inocu­

lation with S. Zaatis on uniformity of colostrum was 

also noticeable on visual appraisal of the sample 

(curd formation, separation of casein and whey 

fractions~ . 

Colostrum fermented naturally, however, had a pH 

above 4.5 until after the 9th day. thus permitting 

the acid-sensitive microbes to compete for nutrients 
cr 

in colostrum. By day 20. the pH of this sample was 

below 4, which coincided with impaired palatability. 

In samples B and,C, the pH~had already dropped to 

4.0 or lower btday 4 and rernained there during the 
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entire storage period. Storage life of samples 
! 

B and·C was excellent, permitting an additional 3 

mo. of storage. Both sàmples maintained their 
, h 
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strong acidic odor and we~e frèe of surface mold con­

tamination. However, colonies of molds were observed 

on the surface of samPles A and D after approximately 

10 days of storage. The pHocurve of naturally fer­

mented cO,lostrum (D) was sj:milar to those pub1ished, 

hy OtteJ;by et al.".(1977), Muller and Syhre (1975) 

and, Rindsig et al.' (1977). Vari~tions May b,e partly 

explained by differences in initial contamination 

(Thompson and Marth 1974) a~ weIl as stora~ con-, 

ditions, especially tempe rature (Muller and Syhre . , ' 

19~5) . 

The effect of' temperature on pH changes was d~monst­

rated by Muller and Syhre (1915);--When colostrum 

inoculated with therrnophilic L. '>-buZgariau8 and 

S. thermop~itus was kept at 210 C, 'the pH curve was 

practically a rèp~ica' of the untreated control sample, 

thus confirming that below 22oC, thermophllie lacto­

bacilli do not grow weIl (Pette 1964). Morrill et 

al. (1974) cultured colostrum for 24 h with L. aci­

dophiZus and other lactobacilli species at 3ioe 
and then kept it refrigerated until feeding. Optimal 

temperatures of 370 C should be provided for S. th er­

mophiZus~ L. buZgariaus and L. acidophiZus until 

the end of the collection p~riod, usually the first ~ 

3'to 4 days (Pelczar et al. 1977). After that time, 

in agreement with cdmmon practices in the dairy 

industry, the product should be stored in-,~ cool 

environment, thereby preventing excessive n~trient 

breakdown as weIl as impairment of palatability. 

Samples Band C show a relatively h~gh pH variation 

~n trial 2. This variation in pH is attributed to 

variation in temperature during the fi~st 4 days of . 
storage and the resultant effects on fermentation. 

, . 
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The ~itiatible acidity' changes are presented in Fig. 

2, fSing the same technique as described for pH pre-

sèntation. The titratable acidity vàlues in trials 

,1 and 2 ·for treatment D and the sècond part of the 

, storage period for ,treatment A w~re not consistent 
, 

CEig.2). Variation was srnall in trial 2 and acidi ty 

did not exceed 1.15% (Fig. 2) in the course of 25 

,days of storage. Yu'et al. (1976),presented similar 

. 'data ,fol" naturally fermented~-c6lo~trum. Conversely, 

Otterby et al. (1977) observed titratable acidity .. 
of over 4% for naturally ferrnentéd colostrum and ' 

3.6% for 's. tactis-treated product, both stored the" 

sarne length of time. The posi ti ve effeet of S.' 

Zacti's inoculation on uniforrni ty of ti tratable 

acidity values up to 15 days of st orage was observed 
, , 

-'in bQth trials (Fig. 2). 'A higher build-up of ti~-

ratable acidi ty for t reatmentst ,B ,and C was obtained 

in both trials (Fig. 2). 

Lactose 

Lactose is the only carbohydrate present in colostrum 

and, 'together with glucogen~c amino acids, praétically 

. the,only fermentable substrate. Due to a relative' 
, , 

, surplils of protein and insufficient energy content 

in bovine milk (Lister and Lodge 1973; Jacobson 1969), 

and colostrum in particular (Parish et al. 1950), it 

appears that a high residual level of lactose in 

sour colostrum would be of benefit to the calf. 1t 

would be of additional benefit to influence the fer­

mentation so that the product would consist mainly 

of glucogenic lactic acid instea~ of lipogenic acetic 

acid. ethanol and other nutritionally inferior pro-, 
ducts. According to McCullough (1977), in horno-

fermentation of silage. the recovery of dry matter 

would be 100% and energy recovery, 99.3%, whereas 

the dry matter recovery during heterofermentative 
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fermentation is 76% and e,nergy recovery, 98.3%. 

Effici~nt conversion of lactose to g1ucogenic 1actic 

acid together with a high level 01 residual lactose 

iri S.', Zaatis-fermented colostrum' would ensure that 

SUbst~ntiar quan~ities of glucose ~ould be available 

to meet the metafolic demand~ of the newborn calf. 

As can be calcul.ted from Table 2, there was a 53.8-

56.4% drop in lactose content during the first 4 days 

of fermentation for treatments C and B in trial 1, 
, 

but only a 10.3-15.4% drop in treatments D and A. 

The residual level of lactose, after 28 days storage, 

was highest for treatment, A (30.8%) followed by treat­

ments B,'C and D (22.8, 10.8 and 4.9, respectively). 
" 

Yu et al.' (1976) reported much higher residual level 

of lactose in naturally fermented colostrum after 35 

days of storage. 

(c) Protein, Fat and Total Solids 

Analy~es for protein and fat for trials land 2 are 

s,hown iri' Tables 2 and 3 only after 4 days o:f storage. , 
; 'The differences between treatments were not substan-

tial in trial l, but in trial 2 (Table 3) the level 
, 

of protein was significantly higher (P< 0.05) for. 

treatments Band C, compared to A and D. ~actose 

level after 4 days, conversely, was significantly 

higher (P<0.05) in treatments A and D. It ïs 

difficult to consider this pattern as a treatment 

effect because both ihe initial level of lactose and r . 

protein in transitiona~ milk and ihe degree of their 

degradation in, the first four days of fermentation 

are reflected in the mean value for each treatment. 

The sarne factors are involved in variations of total 

solids. 

(d) Performance of Calves 

Average dai1y gain and' feed consumption for 53 days 

on test are presented in 'Table 4; Due to colostrum 

... . 
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intake refusaI, no final data are available for 

treatments Band C. 

There was 'a tendency toward better average daily 
, 

gains for cal ves fed wi tli~' colostrum inoculated wi th 

S. Laatia (treatment A) up to weaning at 25 days. 

This trend was significant (P< 0.05) for gains from 

17 

o to 5,~·days. Muller e~, al. (1976), comparing natu­

rally and S. raatiB-fer~nted colostrum for newborn 

calves, dld not find any differences in average daily 

gain. Daily galns in treatment D were higher than 

those reported by Otterby et al. (1976) (325 vs. 

225 g), although the same quantity of colostrum was 

fed and free cholce starter was avallable ln both 

cases. Wide variations in performance ootalned in 

numerous trials with fermented colostrum may be 
1 

related to the quantity of colostrUm fed as weIl as 

,availability, quality and palatability of starter , 

feed. Carlson and Muller (1977) observed no increase' 

in body weight of calves up to 3 wk of age wh!3n colo­

strum was fed at 2.73 kqjcalfjday and no dry Ïeed 

was provided. 

Muller et al. (J-976) concluded tha t 1.82 kg oÏ sour 

colostrum is inadequate for satisfactory growth and 

health wben fed as the only feed source. USing Jacobson 

(1969) and Lodge and Lister (1973) data, it can be . 
calculated that approximately 2.50 kg of colostrum 

just supplies the maintenance energy requirements 

for the newborn calf. Any gain must be supported 
;~ 

by energy ~rom starter Ïeed. 

Starter consumption up to weaning was slightly 

greater for treatment A th~n for treatment D (Table 

4). To compare the readiness of calves for weaning, 

data on starier eonsumPtion during the. weeks preeeding 

1 
l, 
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and following weaning are presented. Calves on 

treatment A consumed 19% more starter (P<O.05) 

before weaning but bath A and D treatment were well 

above the 450 gjheadjday generally consid'ered for 

successful weaning. Quantity of starter consumect was 

approximately doubled during the week after w~ariing 

and was satisfactory for bath treatrnents. Calves 

in treatment groups A and D consumed the colostrum 

willingly and without weighbacks. ~he majorit~ of 

calvas in groups Band C were reluctant to consume 

\ the full allotment of colostrum even at the beginning 

of. the trial and had to be encouraged by finger feedin~. 
. , 

No force feedlng was used. Near the ~lddle of the 

( pre-weaning period, sorne calves in treatments Band 

C refused colostrum completely and aIl calves on these 

treatments were switched ta milk replacer. The total 

quantJ.ty of refused colostrum by Band C treatments 

-- amounted ta 58.6 and 16.2%, respectively, of that 

dffered, ~hich forced the premature termination of 

these treat'Înents .. 

Low quality and palatability of colostrum in treatrnents 

Band C were reflected as weIl by the incidence of 

watery scours and increased body temperature (Table 5). 

Up ta t,he premature treatment termination, feces in 

group B were classified as watery in 24 out of 103 

calf days and 9 out of 104 calf days in treatment C. 

Increased rectal temperature was recorded in 48 and 

17 calf days in treatments Band C, respectively. 

The incidence of watery scours anp elevated rectal 

temperature were low on treatments A and~p, wi th 

no appreciable differences between treatments. No 

respiratory disorders were identified. 

In summary, it would appear that inoculation of 

colostrum with a S. laatis culture may ensure a 
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highly palatable and more uniform product, lower 

-degradation of lactose and, when offered te;> calves, " 

higher average daily gain and starter intake, compared 

to naturally fermented colostrum. No effect of inocu-
'" lation wi th S. 'ZaatiB on mold and ye~st contamination 

was observed. 

D. SUMMARY 

Colost rum inoculated wi th Strep tocoacus l.aetis (t reatment 

A), mixture of StreptoeoaauB thermophi Zus and Lac tobaci Z Zus 

bu Zgari eus (.t reatment B), ~ac tobaci Z lus acidophi lus 

(treatment C), naturally fermented (treatment D) and·kept 

fresh (treatment E) was used in laboratory storage trial 

and without treatment E in calf feeding trial. Both trials 

were aimed at better control of the fermentatlon process 

of colostrum and improving its acceptabili ty and nutri tive 
, 

value as the main· feed for cal ves up to weaning. The fer-

mentation, as indicated by pH and titratable acidity 
\ 

changes, was most effectively controlled by an early inocu-
\ 

lation with S. Zactis, al though it had no effect 6,n mold 
\. 

and yeast contamination. The use' pf thlS culture produced 

better (P<0.05) overall daily gains (582.0 and 434.0 g 

fot treatments A and D, respectively), higher (P<0.05) 

daily consumption of starter feed (1131 and 893 g for 

treatments A and D, respectively) and lowest incidence of 

.watery diarrhea in the calf feeding t rial. In the labora­

tory storage trlal, it resulted in highest (P< O. 05) levels 

of residual lactose in the fermented produce (3.41, 1.61, 

1.63 and 3.15% for treatments A, B, C and D, respectively). 

Early development of high acidity (below pH 4) in colo­

strum t reated by a mixed culture of L. bu Zgariaus and 

S. thermophiZu8 or by L. aeidophiZU8 led to premature 

termination of both trial treatments due to total refusaI 

of colostrum by calves. However, both products were free 

of mold and yeast contamination for the duration of 25-

day storage. To assure high palatability of colostrum 
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and minimize acid sensitive contamination, it appears that 

fermentation should quickly lower and then maintain the 

pH within 4-4.5. 
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CHAPT~ 
PHASE II ~HE EFFECT OF VARYING THE TIME AND SEASON, 

OF A PLI CATION OF SORBIC ACID TO FERMENTED 
COLOSTRUM ON CALF PBRFORMANCEI 

A. INTRODUCTION 

l 

\ 
Fermented colost,rum represèlnts a rich source of nut-

\ ,'1 
rient s which, if properly preserved, can serve as the 

, . 
only source of milk protein until weaning of the dairy 

1 

calf. Malnta1.ning t~, quali ty, uniformi ty and, pala-

tability o~ colostrum ~ften becomes difficult, parti­

cular1y dur\ing hot weather. Efforts to control un-
\ 

desirable ft=yrmentation have\ included dlrect acidifi-

cation with !formic, acetic, proplonic and lactic acids' 

(Muller et a'l. 1976; Muller and Syhre 1975; Otterby 

and Dutton 1974; Polzin et al. l~~:RindSig and Bodoh 

1977; Rlndsig et al. 1977), use of ~eservatives such 

as forma~dehyde~ sodium formate, sorb~tol and gluconic 

acid lactone (Muller et al. 1976; Mul:Ce~ and Smallcomb 
'\ 

1977; Muller and Syhre 1975; Rindsig and Bodob 1977; 

Rindsig et al. 1977; Lindahl 1974), and inoculation 

with lactic-acld-producing bacteria (Muller and Syhre 

1975; Najman and Hladik 1969; Otterby et al. 1976; 

Drevj any et al. 1975). Propionic aéid and formalde­

hyde are ~robably the most popular additives, but 

neither product contraIs mold and yeast growtb in 

colostrum .( Rindsig et al. 1977). 

Acid-tolerant yeasts and fungi (PeIczar et al. 1977) 

contribute substantially to degradation of nutrients 

and formation of off-flavors, particularly during 

extended summer storage'. Met'hods ta cont,rol funga1 

contamination, leading ta an increased residual level 

The contents of this Chapter have been published: 

Drevjany, L.A., Irvine, O.R. and Hooper, G.S. 1980. 
The feeding of fermented colostrum to neonatal calves. 
II. The effect of varying the time and season of 
application of sorbic acid' ta fermented colostrum 
on calf performance. Can. J. Anim. Sei. 60: 899-905. 

1 , ~ 
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of nutrients, as weIl as higher palatability of 

colostrum, appear to be needed. An ideal fungal 

inhibitor should not leave unacceptable residues, 

impair the palatability of colostrum, or interfere 

with the vital reactions of microbes important for 

l~ctic fermentation. 

Besides sodium benzoate and penzoic acid (Muller and 

Smallcomb 1977), sorbie acid seems to meet the re­

quirements. Sorbic acid and its potassium or sodium 

s~lts are widely used as mold inhibitlng agents in 

the food lndustry. According to Lück and Remmert 

(1974), the accepted levels vary between 1000 and 

22 

3000 ppm in most countries. In relation to fermen­

tation of colostrum, the selectivity of its inhibitory 

effeet is of high value. It is used in the fermen­

tation of· olives and pickles, where eontaminating 

molds and yeasts are inhibited, but useful lacto­

bacilli are not negatively influenced (Pfizer 1960) . 

. r:rhis cl aim i s supported by Emard and Vaughn (1951), 

who found that catalase-negative bacteria (S. lactis~ 

Stpeptococcus thepmophilus~ Lactobacillus b~lgaricus~ 

etc.) grew without noticeable inhibition by sorbie 

acid. Conversely, Harndan et al. (1971) reported 

that both growth and acid production of S. ther­

mophilus and L. bulgapicus were reduced by addition 

of' sorbie acid at 500-1000 ppm. 

The aim of these feeding trials was to measure·calf 

response to the application. o,f sorbie acid to fermented 

colostrum at different environmental temperatures 

and two dates of application. 

B. MATERIALS AND METHODS 

(a). Trial l - Summer 

Thirty-six Holstein heifers were purchased at 

4 days of age along wi th colostrum from their 

'. 
J. 
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dams. Other than the exceptions mentioned 

below, management, feeding, record keeping, 

analytical and ~tatistical methods were as des­

cribed previousÎy (Drévjany et al. 1980). 

The colostrum from the first mi1king of each 

dam was inoculated with 200 cç S. Zactis culture 

(Horan-Lalley Company, R~xdale, Ont.). The 

transitional milk-from eight mi1kings was added 

ta ensure a to~a1 collection of 52 kg. 

Ai '4 days of age, calves were transported to 

the research facilities and randomly allotted 
\ 

to two experimenta1 trèatments. For each batcp 

of colostrum, 1000 ppm of sorbie acid (as K­

sorbate) was applied ta half. The rest remained 

untreated. Eaeh calf obtained the colostrum 

from its dam. AII,calves were abruptly weaned 

after 21 days. 

Representati-ve samp1es (100 mL) of colostruJll 

were taken from each container at 4 days, pooled 

according to t~eatment groups and analyzed for 

initial pH, titratable acidity, total~ solids, 

protein and fat. Ambient temperatures were 

recorded twice daily. 

Cb) Trial 2 - Winter 

(e) 

Forty-eight Holstein male calves, together with 

the dam's colostrum, were purchased at 4 days 

of age from local farms. Treatments similar 

to those in Trial 1 were studied. 

Trial 3 - Summer 

TweniY-four Holstein mal~ calves were purchased 

with their da,' s colostrum and at 4 days of age 

- ~ \ 
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and allotted randomly to three treatmeilts. 

Experimental procedures used were similar to 

those used in Trial 1. 

Colostrum in group 2 was treated wi th 1000 ppm 

of sorbie acid at day l, while in group 3 the 

sarne quantity was applied at day 4. Group l 

colostrum remained untreated. 

The dai1y allotment of çolostrum was 2L. AlI 

calves were abruptly weaned at 28 days of age. 

'24 ( 

'-

RESULTS AND DISCUSSION 

(a) Trials 1 and 2 

'. 

Average eompos1tiori of the colostrum samples is . 
presented in Table 1. The content of total 

solids and fat were sl'ightly lower than those 

published by Yu et al. (1976), but comparable 

to result"S reported by Rindsig and Bodoh (1977). 

The diserepancy can be explained by the faet 

that the seventh and eigbth rnilkings were used 

on sorne farms in order to secure the required 

52 kg of colostrum. The relatively low level 
i 

of protein in aIl samples supports this assump­

tion. 

In both summer trials, the pH of composite 

samples dropped below the desired value of 4.5 

by 4 days (Drevjany et al. 1980). 

~ 

~uring Trial l, the average daily gains (ADG) 

(Table 2) were significantly improved (P<O.05) 

by the inclusion of serbie acid (300.6 vs. 199 g). 

This was despite the slightly higher initial con­

tent of total solids in the control colostrum • 

. , , 

" 
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ADG similar to ours were reported by Jenny 
o 

et al. (1977) on lower (2.07 L) or higher 

(2.98 L) daily intake of colostrum. Otterby et 

al. (1976), feeding the sarne quantity of colo­

st'rum, reported ADG of 225 g. Other authors 

,(Rindsig and Budoh 1977; Muller et al. 1976), 

feeding higher levels of., propionic-acid - or 

forrnaldehy~e-treated èolostrum and free-choice 

starter, reported ADG from 140 to 227 g up to 

3 wk of age. 

During the winter period, the ADG wére n6t 

significantl.y differènt between treatments 
1 

(Table 2) but the growth rate of both groups 

. compared favorably wi th the 

in Trial 1. 

control 

'. \ 

\ 

groap ADG 

The signifieant (p< 0.05) inerease in ADG 

during the summer tests, as a result of sorbie 1,,1\/ 

acid application, iS.probably related to-its 

mold inhibi ting effect, thus lowering nutrient 

degradation in fermented colostrum. It was 

established (Drevjany, unpublished) that sunnner 

application of 1000 ppm of sorbie acid equivalent 

at day 4 will lower the initial mold and yeast e 

contamination of 2 x 105 ta zero by day 21, and 

simultaneously lower the protein degradation by 

16.7% and lactose degradation by 6.8%. During -
winter, when t he pH of fermented colostrum 

was higher, the same applic~ion of sorbie acid 

had a minimal effeet on the inhibition of fungi 
'. 

(5 x 105 initially; 7 x 105 at 21 days). 

Antirnierobial activity of sorbie acid is,a 

function of three main factors: pH of the. media, 

initial contamination and dose applied. Pfizer 

If 

~----_.~----------------- ----------- ------
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\ (1960) 0 suggested that the effective threshold 

lof sotbic acid antimicrobial act i vIt Y i s a pH 
i • 

Q,f approxirnately 6.5. Within pH 4-5, most . . 
,frequently found in fermented colostrum, the 

portion of undissociated acid ranges between 

37 and 86% (Wal1hausser and Luck ~ 1972) . 

26 

,Only undissociated sorbic acid exer.ts an "inh'ibi­

tory effect on microbes and, as such, is pH­

d~pendent (f{\Q-WHO Reporto 1967).... According to 

Wa11hausser A-rl,d Lück (1972), d1ssociated ~orbi~ 
acid is about 20-40 times less effective :;tgainst 

.. ~ '1 - ./ 

Saccha'I'omyces c'e~evisiae a'nd about 100 times 
l 

.less agai~st A spel'gi Hus nige1'. both potent ial
o 

cOI;ltaminants of fermented colostrum. The 
- e 

activity against Eschel'ichia coli,' often' the: 

cause C?f" scdurs in calv~s. is lowered. 400 tirnes. 

The data ~~:cate that' sorbic acid applied at 
, -' 

day 4 at 1000 ppm in the forrn of ,potassium 

sorbate to S. Z.,actiB-fermen~ed colostrum, stored 

at' ternperature~ ,24.5 ± 2. SoC, wi Il increase the 

ADG. The sarne application to colostrum. stored 

at 10wer temperatures (10.5 :!: 1'.2oC) will have 

no effect. There were no refusaIs 'Of co1ostrwn 

in any of the trial s. 

The increased 

be a contributory factor to highe 

calculated that approximately 2.5 L of fermented 

colostrum should supp1y the 'energy requireg to' 

maintain a- 45 kg calf. 

Starter consumption up to 28 days was similar 
"\ 
'~o (Jenny et al. 1977), or better than that -

reported by others (Polzin et al. 1977; Muller, 

r .. .. 
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et al. 1976; Otter~y et'al. 1976). Any gain, 

at this level of colostrum intake, must be sup~ 

ported by feeding calf starter. 

Carlson and Muller (1977) did not expect gains 
1 f 

when 2.73 kg o! colostrum and no starter was fed. 

Feedi'ng 2.25 L qf colostrum wiJ,.l further increase 

the de'pendency of g~in on sta;rte; consumption. 
-~-

Increased starter intake of 23.7% up to weaning 

and 22.5% duriog the week preceding weaniog con­

tribut~d not ooly to higher·ADG, but aided in 

successfully weaning the calves. The starter 

intake during the win ter period in Trial 2 was 

low in both groups. Higher intake of starter 

, by calves fed colostrum, compared to whole milk, 

is often referred to as a compen9atory effect 

ïor lower milk solids intake (Yu et al. 1976; 

Muller ~. 1975). However, sorne other 

experimental data show that even if the amounts 

of colostrum solids ted w~re approximately 

equalized to solid intake from milk replace~, 

(Otterby et al. 1976) or from whole milk 

(Muller et al. 1975), the calf starter intake 

was .still hi~her for groups fed colostrum. It 

seems that otber factors, such as the ratio 

of digestible calorie~ to grams o~ digestible 

protein in the liq~d part of the diet, have 

an effect. In 'colostrum, such aratiq is 17-

18 kcal D~/g of DCP, while for oPtima~ utili­

zation of milk protein,'a ratio of 31132 kcal 

DE/g of DCP is suggested (Lister and Lodge 

1973). Lower protein degradation in sorbic- \ 

acid-treated colostrum maintains the already . \ 

unfavprable ratio and may even, due to microbi~l 

degradation of energy during fermentation, 

narrow it further' Q It appears thàt it i6 the 

. ' --~---'-----~---'--::-"---- -_.. .--- , , . 
.» u -. \_' 
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. ' need for addi tional energy, required for \ 

optimal utilization of,availablé protein, 

~hich the 'calf attempts to balance by {ncrea-

sing its intake of starter. 

-~ ~l 
\Q' '. 

No'death losses occurred in either trial. The 
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incidence of water1 scours was higher in the 

control groups during both trials, although the 
, . . " 

average numbe ... L~of scour days was below 0,; 6 per VIf, weIl below the values reported ~y Jenny' 

et al. (1977) or Rindsig and Bodoh (1977). . 

Incidence of increased body temperature" req'uiring 

treatme~t was 'high in both groups during the ': 

summer trial l, mairily' due to respiratory prob~ 

lems (Table' 3). 
, . 

(b) Trial 3 
; " 1 

The average con'tei~t oi totall so11ds, protein 

and ~at in co,ostz: ' the pH!; and ti tratable 

acidlty are in~l le 1. 
f' ,. .' 

Al though ; the content ',of, total SOtlids was highest 

in the <fontro'l' group, a ,more rapid decline could 

be expected in this group during the storage 

(Carlson and Mull,er 1977). A re1atively higber 
, , 

pH valuë at the beginning of the trial, compared 

to previous summ~r trials, is partly due to the 

dilution of colostrum with milk. This was 

necéssary in order to bring the initial quantity 

of colostrum for each calf to 52 kg. 

. " 

1. 

P'alatabili ty of colostrum was good, wi th no 

refusals'throughout the trial. ADG, and starter 

consurnpt;ion up t;o weaning at" 28 days and during 

~be pre-weaning week are in Table 4. When sorbic )J 
. acid was applie~ at day l, ADG were signifi-

cantly i,ncrea;sE'!d' (P<O. 05) over control. Day 4 

,. , ~ -~ ____ ,';,:-:-~'_'\:: ' .. ~- .-_.' --'~'-r--:,~~~.,' 
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app~ication, characterized by higher acidity 

and higher initial contamination of colostrum, 

showed ,a strong, but statistically nonsignificant 

(P> o. 05), tendency in the sarne direction. The 

mode of the ant'ifungal action of sorbic acid 

describèd by Melnich et al. (1953 a,b)'could 

help to explain why and how the 'dose of sorbic 

acid and the initial contamination affect its 

antimicrobial activ~ty. The authors' noted that 

- the first step in normal metabolism of satu~ated 
, '. 

fatty acids is dehydI'ogenation to yield the:p, 

unsaturated fatty aeid. Âdding the,sorbiç 

acid effecti vely consti t'utes an exceSs of -the 

end-product of ,an essential enzym~tic process, 

dehydrogenation. Feed,-back inhibition of hydro­

genase enzymes, which are -ba~ic in cel~ meta­

bolisrn, is be1ieved -responSible f<1f t'he fungi ...... ,. 

static ac~ivity of sorhic ac±d (Smith and 

Ro11in' 1~54; Me1nich et ,al. 1953'b). 

Low concentration of sorpic acid o~.high con­

tamination 9f molds leads to degradatl~n 'of . 

sorbie acid (Luck et a1_ 197a), to crotonic 
, ' ," 

acid viap-oxidation (Melnich et al. 1953b), 

or to CO2 , H20 and methyl ketones, when A. 

niger is involved (Kurogochi et al. 1974). 

, ' 

For this reason, sorbic acid cannot be used to 

inhibit mold growth when the initial concen­

tration of molds is alrea?y hig~ (Lück 1973). 

Starter, consumption up to 28 days was similar 

ta (Jenny'et al. 1977), or b~tter than'that ' 

reported by others (Polzin et al: 1977; Muller· 

et al. 1976; Otterby et al. 1976)~ The start~r 

consumption.during the week preceding '~eaning, 

although slightly 'lower than in the summer 
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period in trial 1, is, particul~rly for 

experimental treatments, close "ta the 500 g,. 

considered important for successful abrupt 

early weaning of calves (Gorrill 1972). 
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Calf losses were nil for the trial., The number 

of calf days ,with watery seours was consistent 

with results from trials 1 and 2. Only one calf 

required antibiotic treatment due to elevated 

temperature, throughout the trial (Table 3). 

The results appear to indicate that sorbic acid 

can be applied ta' S. lactis-fermented' colostrum 

at any time up ta 4 days of storage with 

similar effects.on ADG. 

D. SUMMARY 

Three colostrum feeding trials involving 108 newborn 

Holstein calves were conducted in arder to assess 

calf response ta 1000 ppm of sorbic acid equiva~ent 
applied under various conditions. In the first two 

trials, the effect of colostrum storage temperature 

was tested. Calves were fed 2.25 L of colostrum 

inocul~ted with Streptococcus lactis once a day, 

together with 20% er~de protein starter and water 

given free ehoice up ta weaning (21 days). Potas­

siurn-sorbate-treated co~ostrum·(lOOO ppm of sorbie . 
acid equivalent at ~ay 4 of storage) resulted in 

better (P<0.05) gains (300.6 vs. 199 g/day) and 

increased consumption of calf starter (502.9 vs. 

410.6 gjday). Colostrum was stored at room tempera­

ture. Colostrum containing sorbie'· acid retain'ed 

its palatability throughout the 21 days of the sto­

rage and was iree of surface molds in eontrast with 

the obvious mold growth on the surface of untreated 
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colostrum. No similar growth-promoting\effect due 

to sorbic acid was observed d~ri~g trial 2 whe~the 
ambient temperature was 10.5 ± 1.20 C and mold growth 

was inconsequential. As the antifungal effect of 

sorbic acid is a function of increasing pH and 

initial contamination, in trial 3 the effect of time 

of application on calf performance was tested. Calves , 
were fed 2 L of colostrum cultured with S. Zaatis 

da~ly, free-choice water, and a calf starter containing 

20% crude protein for 28 days. Similar growth res­

ponse was obtained when potassium sorbate was applied 
l' 

at the beginning (day 1: high p~, low contamination) 

or end (day 4: low pH, higher contamination) of the 

collection period. 

. .- - --r--~---- --

'; 

,7 



r 
; 
~, ' • 
b 
;, 

" ~ c , 

o 

32 

~ 
,CBAPTER 4 

PHASE III - LABORATORY EVALUATION 'OF MOLD-INHIBITING 
AND NUTRxENT-PRESERVING PROPERTIES OF SORBIC ACID 

---------
APPLIED TO FERMENTED COLOSTRUMI ' 

-------t 

A. INTRODUCTION 

, / 

l 

Decreas~d palatability and calf refusaIs of fermented 

co~ostrum frequently occur after prolonged storage, 

particularly during hot summer weather (Muller et al., 

1976). Tho~pson and Marth (1974), studying the micro­

bial population in naturally ferme~ted colostrum, demon­

strated that ln the initial stages of fermentation, 

when pH was lowered to 5 and titratable acidlty reached 

0.7%, the lactic-acid-producing bacterial count was 

matched by fecal Streptococci and surpassed by COll­

form bacteria. Colostrum was contaminated with yeasts 

and molds as weIl. These organisms, often referred 

to as heterofermentative, degrade nutrients in colo­

strum to a variety of products of questionable nutritive 

value or may result in the production of toxins (Pelczar 

et al. 1977). Presence of molds and yeasts in fer-, 

mented colostrum should be of particular concern due 

to their tolerance to acidic environments. In the 

final stages of colostrum storage they often dominate 

the fermentation and cause 'undesirable breakdown of 

nutrients. Rindsig et al. (1977) reported that the 

~~d and yeast count of naturally fermented colostrum 

increased from an initial value of 2.0 x 102 mL at 

The contents of this chapter have been published: 

Drevjany, L.A., Donefer, E., Latrille, L. and Fanous, 
M.A. 1982. The feeding of fermented colostrum to 
neonatal calves. III. Laboratory evaluat~on of 
mold-inhibiting and nutrient-preserving properties 
of sorbic acid applied to fermented colostrum. 
Cano J. Anim. Sei. 62: 191-205. 
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day l to 5.7 x 109 mL at day 28. Similar or even 

higher mold and yeasts counts were obs~rved in colo­

strum treated with formaldehyde or propionic acid, 

documenting that direct acidification or the use of 

formaldehyde does not control mold and yeast contami-

nation. 
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Sorbic acid, widely used as a mold and yeast inhibitor 

in the food industry, had a posltive effect on calf's 

average daily gain (ADG) and preweanlng consumption 

of calf starter, when added to fermented colostrum 

stored at summer ambient temperature (Drevjany et al. 

1980b). In contrast ta various organic acids used in 

preservation of colostrum, sorbic acid is applied 

as a neutral potasslum salt and as such~oes not 

in~luence directly the H+ concentratiou/in the medium. 

The efficacy of the mold inhi bi tory acti vi ty of \.Sorbic 

acid depends on the dose app1ied, initial level of 

contamination and pH of the medium (Wallhauser and 

Lück 1972). While the effièacious dose of sorbic 

acid can be est~blished rather easily, another dilemna 

remains. Sorbic acid can be applied ear,i'Y when the 

contamination of colostrum is low, but at that time 

the pH of the media is high. Alternatively, if the 

application of sorbie acid i8 delayed, the acidity of 

the colostrum is increased but it is also more con­

taminated. The purpose of tbis study was to investi­

gate the effects of time and 1evel of application of 

sorbic acid on nutritive value and degree of putre­

faction in colostrum stored under hot (summer) or 

cold (winter) conditions. 

B. MATERIALS AND METHODS 

Colostrum. obtained from one cow,during se ven conse-
, r 

cutive postpartum milkings, was l
, instantly equa11y 

divided into 28, 2-L f1asks, representing 14,treat-

; \ 
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rnents replicated twice. Each sample was inoculated 
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on the first day with 5 mL of a commercial lactic 

starter culture containing S. Zactis and StreptococCUB 

cremoris (Floran-Lalley Company, Rexdale, Ontario). 

Treatments 1-7 were stored for 28,days at ambient 

surnmer room ternperature (S) with an average 0800 h 

temperature of 24 0 C and 1600 h temperature of 26.50 C. 

'Treatments 8 - 14 were stored at simulated winter 

conditlons (W) at a constant temperature of 100C. 

Superimposed on both storage temperatures were four 

levels (L) of potasslum sorbate (0 (control), 1000, 

2000, and 3000 ppm of sorbic acid equivalent, res­

pectively). Application of sorbIC aCld took place on 

, the first day of' the collection' of colostrum (Dl) 

or 3 days later, when the collection of colostrum 

was completed (D4). Flasks were loosely covered with 

paper towels and their contents were stirred twice a 

day. 

Each sample was assessed daily for separation of whey, 

casein and fat, ev1üence of surface molds and for­

mation of odor or off-flavor. Titratable acidity and 

pH of colostrum were determined in samples obtained 

at days 4, 7, 14, 21 and 28. Fat, protein (amido 

black dye binding and N x 6.38) and lactose were 

determined at days 4 and 28. Analytical methods were 

those described previously (Drevjany et'al. L980a,b). 

The amido black dye-binding procedure described by 

Weik et al. (1964) was used to assess the extent of 

protein degradation during fermentation. The mold and 

yeast counts were made at days 4, 21 and 28 using 

acidified (pH reduced to 3.5 with tartaric acid) 

potato dextrose agar and incubated at 22°C for 72 h. 

Colonies were counted and averaged for each treat-, 
ment .. 

1 
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The experiment was desrgned as a split plot in time 

in a randomized Qomplete block. The arrangement of 

treatments was a 2 (temperature) x 2 (day of application) 

x 4 (levels of application) x 2 - 5 (tlme of sampling 

of particular nutrient) factorial. Significance was 

tested by an F test and by Duncan 1 s new multiple range 

test. For significant interactions only, the simple 

effects were examined (Steel and ,Torrie 1960). Analyses 

of mold and yeast counts were done'on transformed data, 

but actual data are reported in the table of means. 

\ 

RESULTS AND DISCUSSION 

(a) pH and Titratable Acidity 

The effect of storage temperature and level and 

day of application of sorbic acid on average pH 

and titratable acidity in colostrum fermented 

by S. Zactis are presented in Table 1. The same 

table shows these values at specifie sampling 

times. 

Special attention was paid ta treatment-related 

changes in pH, as the antimicrobial activity of 

sorbic acid and its salts depends on the presence 

of undissociated acid (Wallhausser and Luck 1972). 

Sorbic acid, with a dissociation constant of 1.73 
-5 \ 

x 10 ,will remain 36 - 86% in an undissociated 

state within the pH ,range of 5 - 4. This is the 

pH range most frequently observed in fermented 

colostrum. 

There were significant (P< O. 05) differences 

between the summer and simulated winter pH and 

titratable acidity values (Table 1). A drop 

in pH due to higher storage temperatures, by 

approxim~te1y 1 unit, was independent of super­

imposed treatments. Application of sorbic acid 

_r, 
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at day 1, and to a lesser extent at day 4, 

resulte~ ln substantial slowdown of ~he ini­

tial pH deeline and in a slowdown of an 

inerease in the titratable aeidity (Table 2). 

A similar observation was made by Muller and 
\ 

Smalleomb (1977) for pH changes in colostrum 

treated with another pH-dependent antimierobial 

agent, benzole aeid. 
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Summer application of sorbie aeid at day 4 

maintained the pH at a desirable level throughout 

the sto~~ge period, with minimal fluctuations, 

particularly when applied at higher levels 

~ (Table 2). A slmilar tendeney was observed in 

titratable aeidity. 1t ean be estimated that 
, 

at day 4 application (summer pH approximately 

5) about 37% of sarbie acid remains in an undis­

sociated state. This amount of undissoeiated 

sorbie acid in colostrum would be capable of 

effeetively controlling contamination by molds 

and yeasts (Table 2) as weIl as suppressing 

the growth of desirable S. Z-actis, which is the 

main producer of lactie acid in fermented colo­

strum (Wallhauser and Lück 1972). Similar re­

tardation of fermentative activity of S. ther­

mophiZus and LaciobaciZZ-us buZ-garicus by sorbie 

acid was reported by Hamdan et al. (1971). 

Wallhauser and Lück (1972) observed that growth 

of S. Zactis and L. Z-~shmanii in a medium with 

pH 6, ~as depressed by approximately 50% when 

sorbic acid was applied at the 625 ppm level. 

Negligible growth of thes~ organisms was ob­

served at the 15,000 pprn level of sorhic acid. 

In the present work for the summer day 1 appli­

cation (Table Z) in the first few days, the 
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environment (pH approximately 6.5) was outside 
< 

the effective threshold of the antimicrobial 

activity of sorbic acid. However, even such a 

low level of undissociated sorblc acid (approxi­

mately 5.4%) was apparently capable of retarding 

activity of sorne lactic acid producers as indi­

cated by slow buildup of titratable acidity and 

high initial pH (Table 2). It seems likely 

that the addition of acid (e.g. propionic or 

,lactic) at day 1 in an amount that woul ' instantly 

lower the pH to approxlmately 4.5, would" rovide 

the ap~ropriate conditions for sorbic aci acti­

vit y and thus enhance mold and yeast'cont 01 in 

acid-treated colostrum. 

Differences in the magnitude and/or direction 

of response in pH and titratable acidity due ta 

the storage temperature, day of application, 

level of application and sampling day were the 

cause of significant interactions (Table 3). 

During surnrner storage the effect of level of 

sorbic acid application on pH and titratable 

acidity was quadratic (P<O.05) irrespective of 

the day of application. A high correlation 

between the dose of sorbic acid and antimicrobial 

activity exerted against S. ~actis and L. Ziesh­

manii was reported by Wallhauser and Lück (1972). 

During simulated winter stor,age, application 

of sorbic acid at day 4 resulted in a significantly 

lower (P«O.05) pH and a significantly higher 

ÇP<O.05) titratable acidity than application at 

day l, regardless of level of application (Table 

1). The response in pH to increasing levels of, 

sorbic acid was quadratic (P«O.05) with day l 

application and linear (P< 0.05) wi th d,ay 4 
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application. No change in pH was noted when 

level of sorbic acid was \~nCreased from 2000 

to 3000 ppm at day l apPlrcation (Table 2); 

Summer stor~ge of colostrum for 28 days resulted 

in a significant cubic dec1ine in pH (P< 0.05) 

when sorb1c acid was applied at day 1 and a quad­

ratic decline (P<0.05) when app1icat1on occurred 

at day 4. A quadratic decline in pH of natura1ly 

fermented colostrum w1th an upward trend in pH 

at approximately 21 days bf storage was reported 

by Wheeler et al. (1980). Decline in pH in the 

course o~ colostrum storage was reported by 

Carlson and Mulier (1977) and Otterby et al. 

(1976). Changes ~n pH, 1eading to a cubic res­

ponsè, beg~n with a ~teady decrease until about 
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day 21, when pH began to increase, while titratable 

acidity increased at a slower rate (Table 2). 

It appears that this phenomenon was a result of 

increased contamination (Rindsig et al. 1977) 

with heterofermentative organisms, converting 

the diminishing fermentable nutrients from colo­

strum (in higher proportion) to volatile fatty 

acids (VFA).· AIso, the possibility of conver-

sion of lactate to VFA by S. lactis~ grown in 

colostrum with low leve1 of lactose, cannot be 

excluded (Thomas 1979). An increase in the con­

centration o~ poorly'ionized VFA (pK 4.7-4.8) i8 
1 

tnus substituted for lactic acid (pK 3.1) and 

actual1y lowers the concentration of hydrogen 

ions (Pitts 1964). 

Lactose 

Effect of sorbic'.acid application on the initial 

(day 4 of sampling) and residual (day 28 of 
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sampling) levels of lactose in fermented colo­

strum are present in Table 1 and Fig. 1. The 

decline in lactose content in the 28-day storage 

period was greater during summer than winter 

(Table 3). 

The mid-trial (average values of days 4 and 28) 

content of lactose during summer storage was 

significantly (P< O. 05) lower when compared to 

winter values. The dec1ine in lactose content 

in the 28-day storage period was greater during , 

39 

summer than winter (Table 3). Day of application 

of sorbic acid did not significantly influence 

(P >0.05) the content of mid-trial lactose 

(Table 1). However,.when sorbic acid was applied 

at day 4 during summer storage. the absen~e of 

an antimicrobial agent for the initial 4 ·days 

resulted in a significantly lower (P<0.05) 

initial average content of lactose in treated 

samples (1.52%), compared to day l application 

(2.11%). Conversely, the residual level of 

lactose after 28 dàys of storage was higher for 

the day 4 a~plication when compared to the value 

for day 1 application (Fig. 1). The same teo­

dency was observed in samples stored at winter 

temperature (Fig. 1) although residual lactose 

was considerab1y b~~r. 1t appears that the 

lower pH at day 4 application pote~tiated the 

antimicrobial activity of sorbic acid and thus 

retarded the mictobial conversion of,lactose ta 

lactic acid and other fermentation products. 

Due to inherent 10sses of energy during microbial 

fermentation. a slowdown of fermentation should 

lead to energy richer colostrum f~he calf. 

The losses of lact~se between 4 and 28 days of 

storage over aIl lev~ls of sorbic acid amounted 

, ' 
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to 88.2% in summer and,32.5% during winter 

storage (P < O. 05) (Table l). Lower losse s in 

summer (72.3~) were observed when sorbjc acid 
~ 

was applied at day 4. Increased application of 
~ 

sorbic aCiel, to 2000 ppm lowered the losses 

further to 59.6%. Du~ing wint~r storage the 

lacto~, 10SS~S in untreated samples amo~unt t~·, 
60.l2%~ whil~ no residual lactose was detected 

during summer storage. 
,\ 

, 
Seidel and Shellenberger (1975) reported a 63% 

decrease in lactGse content after storing colo­

strum fermented -.~ th' §. Zaatis for 28 days. 

Only,~2% reduction in lactose content was noticed 

~et 'al.;' (l976.J when naturally ferme~ted 
, '" 

colostrum was stored from day 8 to day 35. This,. 

relatively small decrease in lactose content. 

however,' 'was accompanied by a very small increase 

in tit~atable acidity (11.2%) compared to ~he 
reported trial (146.9%). 1t may be assumed that 

'-' 

minimal fermentation activity in the Yu et al. 

(1976) experiment led to minimal demands for 

fermentable substrate. 

Out of the treatment combinations used. it 

appeared that day 4 appltcation of 2000 ppm of 

sorbic acid resulted 'in the highest residual 

level of lactose after 28 days of summer storage. 

During winter storage the highest level of ,lactose 
• 

was retaine~ when sorbic~acid, ir~espective o~ 

the~revel, was applied at day 4. 

Protein 
" 

The degration,of protein is indicated by, the 

amount of dye-binding protein (DBP) (Table 1). 
\~ '\,.1 

A high DBP value indicates a greaten amount of 
dl 
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upaegradea pro~ein. The extent of prote~n 

. -, '. degradation during 24-day' summer ~torage of 

f~rmented colostrum was significantly (P<O.OS) 

lowered on~y when sorbic acid was applied at the 

2000 ppm le.vel1 However, the tendency towards 

-lowex degradat,ion, was st'rongo wi th aIl doses of 

sorbic .acid applied (Table 1). A similar trend 

toward 1ess decr~ase in proteiri was reported b~ 

Muller and Smallcomb (1977) when c'olostrum was 
, , 

treated witb spdium benzoate and benzoic acid. 

For winter conditions, the ~pplicat~on of sorbic 

acid did not have a signi,ficant effec,t on protein. 

degradation (P::>O. OS) irrespective of the level 

applied. However, when sorbic aci,d was applied 

at ~ay 4 of winter storage the mid-trial DBP 

level was significantly higher (P<:O.OS) than 

wh~n applied at day. 1. There was no significant 
l' , , 

effect of storage temperature or'day of appli-

cation on DBP,. Significantly -highe,r DBP values 

àt day 4 application than at day l application 

during wfnter 'storage, but no effect of day of 
- . 

application during summer storage, resulted in 

significarit tempèrature by ctay of application 

in~~ractions (Table 3). The summe~ storage of 

untreated samples resulted in increa~d (p< O. OS) 

protein degradation compared with winter storage. 

The protein degradation during summer storage 

amounted to 38.5% for untreated samples and 

approximately 2S.0% for sorbic-acid-treated 

samples. During winter the corresponding values 

,were ~5.0% and approximately 10% (Fig.'2). The 

effect of length of storage on protein degradation 

was significant (P~O.OS) irrespective of the 

storage temperature. The decrease in protein 

nitrogen (N) in the course oT,the 24-day storage 

period amounted to 27.2% during summer and 10.9% 

-. 
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" 4uririg ~inter, (Table 1). Rindsig and Bodoh 
... . ~ (1977) lowered the protein'degradation during 

-the 35-day summer storage period by application 
, 

of 1% of propionic acid or 0.1% of formaldehyde. , . , 

In propi6nic-acid-t~eated colostrum, 88.0% of 

- the total N was in protein form compared with 

86 ',0% for formaldehyde treatment and 79% for 

·untreated çolostrum. The same level of 'propionic 

acid failed to reduce protein degradation in 
Q • 

another~trial (Muller et al. 1976). 

Total N was,nearly.identical in aIl treatments 
" 

and did,not differ after 24 days of stoia~e 

(P>0.05) (Table ,1) .. :Similarly, no 10ss of' N 

during storage ~as reP9rted by'Otterby et al. 

(1976, .1977) for natural1y fermented colostrum 
, . ' 

or by Daniels et al. (197~) ~or lactic-acid-

cultured or acetic-acid-treated colostrum. No . ' 

change in N x 6.38 was detected from 4 ,to 35 

days of stora-ge for poole'd, n<l-turally fèrmented 

-~colostrum (Yu et al. 1976). Carlson and Muller 

.(1977) observed a 'decrease 1'n total N in colo'­

strum over 20 days. The' highest 19ss of.N was 

noticed, in naturally fermented, follo'wed by 

formaldthyde and propionic-acid-treated colostrum:' 

The auvhb~s explained the decrease in total N by 

the utilization of N by microflora during the 

fermentation. It could be argued that the . . 
transformation of colostra1 N into'microbiàl N 
would not represent a net 10ss of N, since both 

forms of N remain within the fermentation broth. 

Furthermore, in an acidic environment which pre-' 

~ vails throughout the storage of fermented colo­

strum, the minute quantities of ammonium formed 

during such transformation would be converted 

into ammonium salts of lactic and volatile fat'ty 

acids and remain relatively stable in colost~um. 
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(d) Fat 

The day 4 surnrner applicati9n of sorbie acid re-" 

duced the br.eakdown of fat more effeetively 

(P<O.05) than day l ,application (Table 1). 

During winter there was a similar. but nonsigni­

ficant (P>0.05) tendency (Fig. 3). Differences 

in the extent of fat breakdown between summer a?d 

winter application of sortiic acid were ~ignifi- . 

. cant CP< o. 05) . 

In the summer, the' cont:(ol aS weIl as the highest 

level of sorbie acid (30QO'ppm) had a signifi­

cantly sl~er rate of fat" decomposi tian (P< 0.05) 

than samples wi th 1000 and 2000 ppm of sorbie 

aeid. No explanation of the high residual fat 

content in the summer con"t"rol treatment can be 

offered, though an analytical error seems ta be 

a likely suspect. Explanafion of the temperature ~ 

by' level, of application interaction is meaningless 

if this is the case (Table 3). The average fat 

. eoptent during winter st orage was not affected 

by the tevel of application of sorbie acid 

(P>0.05); however, there was a tendency towards 

reduCed fat breakdown with-increased level of 

sorbic acid (Table 1). In,agreement with other 

(Foley and Otterby 1978), the average drop in . 
fat percent between day 4 and 28 was nonsignifi-

cant (P>O. 05). No exp1anation ean be offered 

for the signifi~ant tempkrature by sampling day 

interactions (Table 3) as response to the treat­

ment during higher temperature storage was oppo­

~ite to what was expeCted (Table 1); The reports 

on the effect of fermentation or chemical treat­

ment of colostrum on its content are controver­

sial. Carlson and Muller (1977) noted less fat 

in naturally fermented and formaldehyde-treated 

colostrum than in colostrum treated with pro-
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pionic:acid. The opposite treatment effect 

was observed by Rindsig and Bodoh (1977). This 

seems to indicate that there are other factors 

involved in the fermentation process which are 

beyond the control of the treatment used. One 

of these factors may be the level of contamina­

tion of colostrum wlth acid-resistant molds and 

yeasts. Rindsig et al. (1977) reported that 

such contamination is not controlled by formal­

dehyde or proplonic acid applied to the colos­

trum. The mold and yeast contamination may, 

therefore, influence, in addition ta other nut­

rients, the content of fat of colostrum. Hydro­

lyses of milk fat by mold lipases was described 

by Pelczar et al. (1977). 

Mold and Yeast Count 

Mold and yeast caunts"are presented in Table 1. 

When data were ~nalyzed with the control included, 

the treatment effects were nonsignificant 

(P:>O.05) due to high variabllity and consequently 

high standard e~ror. When the control data were" 

excluded from the analysis, the day 1 applica­

tion resulted in significantly lower (P< 0.05) 

average mold and yeast counts irrespective of 

s~orage temperatures. The effect of level of 

application was nonsignlficant 0;»0. 01). The 

summer application ai nay-l lowered the mold 
-~_.. 5 4 

count at day...-4--Irom 10 (control) to 10 wh en 
. 3 2 

applied at 1000 ppm,_and further to 10 and 10 

when applied at 2000 and 3000 ppm, respectively 

\(Table 2). At day 21 the mold and yeast counts 

were zero. At day 28 there was a low, for aIl 

practical purposes, insignificant number of mold 

and yeasts detected (102 ). At that point the 

control mold count reached 107 (Table 2). 

. . 
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A similar increase in mold and yeast counts ' 

with time of storage in naturally fermented 

colostrum was reported by Muller and Sma1lcomb 

(1977), Palmer and Mudd (1972) and Thompson 

and Marth (1974). , Application of prop~onic acid 

and formaldehyde (Rindsig et al. 1977) as weIl 

as sodIum proplonate, sodium acetate, gluconlc 

acid lactone and sorbItol (Muller and Smallcomb 

1977) did not reduce the mold and yeast contami­

nation ln colostrum. A signIfIcant reduction 

in yeast and mold count wi th the addItion of 

sodium benzoate was reported by Muller a~d 

Smallcomb (1977). Because the antlmicrobial 

activlty of benzoic and sorbIc aCIds depend on 

the presence of undlssociated aCld, high acidity 

of fermented colostrum would complement their 

efficacy. However, due to a hIgher dissociation 
-5 0 % constant (6.6 x 10 ) only 13 - 60 of .benzoic 

acid remalns in an undissociated state within 

the pH range of 4 - 5 that prevails in fermented 

colostrum. In the case of sorbic acid the 

undissociated proportion would be between 37 and 

86%. This may help to explain why benzoic acid 

(Muller and Smallcomb 1977), applied at a con­

centration five times higher than sorbic acid 

in the present triaf, did not provide the same 

level of protection against molds and yeasts. 

'1-

The' day 4 surnmer application did not bring about 
1 

a uniform drop in mold and yeast counts (i.e. 

only the dose of 1000 ppm was fully effective 

at day 21). However, at the end of the 29-day 

storage period, the mold and yeast counts were 
3 reduced at 10 or less (Table 2). Apparently 

the high initial contamination (105 ) lowered 

the overall efficacy of sorbic acid, 'compared 

45 
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to day l application. However it should be 

noted that the total count of mold and yeast, 

after 28 days of storage, only amounted to 

approximately 9.08% of the control count 

(Table 2). 

During simulated winter storage, application at 

day lIed again to better control of yeasts 

and mold (Tables land 2). However, counts at 

day 28 were conslderably higher than for summer 

storage. With the lncreased level of sorbic 

46 

acid application, the number of contaminating 

yeasts and molds decreased, irrespective of the 

day of application. Overall higher counts of 

yeasts and molds in control during winter storage, 

and to a lesser extent ln treated samples, 

showed their tolerance to lower temperatures 

(Table'2). Compared to the control, however, 

the yeast and mold coun~s were lowered by more 

than 96% and 99% when treatments were applied 

at d'aYs 4 ?--nd l, respecti vely (Table 2). ~,As 

the pH of fermented colostrum during win~er 
stor-age was si gnificantly higher (P< 0.05) 

compared ta the summer one (Table 1), it appears 

that there was an interaction between environ­

mental pH and antimicrobial activity. of sorbic 

acid. 

(f)~ Subjective Assessment of Stored Colostrum 

Subjective assessment of colostrum for odor 

and separation of fractions is presented in 

Table 4. The odor of untreated samples in­

creased with length of storage regardless of 

storage temperature. Changes had already 

occurred after 7 days of storage. Colonies of 

surface mollis were first observed after 16 and 

5 days of storage in summer and winter-stored 

_-::1 
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control samples, respectively. Furthermore, 

the number of mold colonies progressi vely 

increased throughout the storage, particu1ar1y 

in summer control samples. Qdor of treated 

samples (Table 4) remained acceptable up to 

28 days of storage, wi th summer storage gene­

rally giving a sweet odor and winter storage 

an acidic odor. 

Separation of curd and whey was noticed at 

47 

day 7 in winter control samp1es, with whey belng 

sandwiched between two layers of curd. Separa­

tion also occurred in samples treated on winter 

day 4 (treatment 12-14); however, the curd was~ 

floatlng on a layer of whey. The remalnlng 

treated samples were practically unchanged during 

the first week of storage. At day 14, all 

samples stored at a summer temperature formed a 

uniform curd with a ye1Jow layer floating on top. 

,Separation of whey was complete at day 28, with 

the exception of treatment 7 (Table 4), which 

remained uniformly clotted. 

AlI treated samp1es stored in the simulated 

winter environment showed separation of whey 

and curd at day 14 assessment and" at day 28, 

a layer of whey was sandwiched between two 

layers of curd. The separation of fat, curd and 
< 

whey in fermented colostrum makes the thorough 

mixing of colostrum prior to feeding an ab­

solute necessity. 

D. SUMMARY 

Thé effect of four levels of sorbic acid (~, 1000, 

\ 2000, 3000 ppm of sorbic acid equivalent) applied at 

day 1 or 4 of storage at ambient summer or simulated 
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winter temperatures, on nutri 'tive value and degree 

of putrefaction of Streptococcus Zactis fermented 

colostrum was exarnlned. Appli catlon of sorbic 

acid, pariUieularly at day l, resul ted ln a slowdown 

of the lni tial pH decline and a slowdowI} of an 1n-

crease ln the titratable acidity. Day 4 applicatIon 

maint ained the pH ,at a desirable level throughout 

48 

the storage~ The pH decreased quadratically during 

storage when sorbIc acid was applied at day land 

linearly when applled·at day 4. The pH levels were 

positively related ta the levels of sorbIC acid applied., 

Storage losses of lactose were hlgher in summer· (88,2%) 

than in winter (32.8%) condir~ons; however, day 4 

summer applicatIon of 2000 ppm of sarbIc aCId reduced 

lasse s ta approxlmate ly 60%. Proteln degrada tian 

decreased when the dose of sorbic aCld applled was 

increased. Degradation of protein was lawer by 13% 

in summer and 5% in wlnter in sorbic-acid-treated 

samples than in control samples. No changes in total 

nitrogen were naticed durIng starage. AlI levels of 

sorbie acid applied at day 4 reduced the fat breakdown 

during summer storage more effectivelythan day l /. 

application. During summer starage, the day l apPI::-J 

cation of sorbic acid led ta complete elimination 

of molds and yeasts, while the control count gre~ 

to a .level of approximately l06/mL . /The same dayof 

~pplication brought about partial, but not complete, 

cont roI of molcts-and--yeasts during win.ter storage. 

Visual characteristics and odor of stored colostrum 

were greatly imp-roved by the application of sorbie 

acid especially during summer storage. 

;. 
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CHAPTER 5 

PHASE IV - EFFECT OF ENERGY SUPPLEMENTATION OF 
FERMENTED COLOSTRUM ON PROTEIN UTILIZATIONl 

A. INTRODUCTION 

Whole mllk is commonly regarded as the ideal food 

for the neonatal calf. However, Lister and Lodge 

(1973) and Lodge and Lister (1973) demonstr,ated, 

that cow' s milk is actually deficient in dIgestible 

energy (DE) required for rapid growth. Cunningham 

et al. (1958) suggested that a ratio of less than 

104.6 kJ (25 kcal) DE/g of digestible protein (DP) 

iS,growth limiting in neonatal calves. Lister and 

Lodge (1973) concluded that 129.7-133.9 kJ (31-32 

kcal) DE/g of DP would be required for optimal 

utilization of milk protein. In whole milk the ratio 

is usually between 83.7 and 100.4 kJ DE per gram of 

DP. 

In colostrum, due to its relatively high protein 

content, the ratio is even more unfavorable, often 

falling below 71.1 kJ DE/g DP. This could be 

further aggravated if fermentation is used as a pre­

servation technique for surplus colostrum. During 

fermentatIon a substantial part of the glucogenic 

energy is converted to volatile fatty aeids (VFA) 

49 

and products of questionable nutritive value (alcoho1s), 

thus lowering the DE:DP ratio further. Successful 

The contents of this Chapter h~ve been published: 

Drevjany, L.A., Donefer, E. and Latrille, L. 1982. The 
feeding of fermented colostrum to neonatal calves. IV. 
Effect of energy supplementation of fermented colostrum 
on protein utilization. Can .. J. Anim. Sei. 62: 439-448. 
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attempts have been made to reducethe energy losses 

by using preservatives (Rindsig and Bodoh 1977; Muller 

et al. 1976; Drevjahy et al. 1977), direct acidifica­

tion (Polzin et al. 1977; Otterby et al. 1977) and 

inoculation with 1actic-acid-producing bacteria 

(Muller and Syhre 1975; Drevjany et al. 1975). How­

ever, the unfavorable DE:DP ratio was not changed 

substantlally. 

An average sample of colostrum from Holstein co~s 

as reported by Parrish et al. (1950), contains 4.56% 

fat, 5.09% protein and 4.51% lactose. USlng the data 
,. 

of McDona1d et al. (1966) for gross energy and of 

Parrish et al. (1953) on dlgestibili ty· of, energy­

containing compounds of colostrum, it can be esti­

mated that the ratio of DF (kJ) :DP Cg) in fresh 

colostrum is about 74 instead of 140.6 kJ/g DP recom­

mended for efficient protein utilization by Jacobson 

( 1969). 

This report provides information on the effect of 

energy addition, in the form of glucose and fat, 

u 

to fermented colostrum and its effect on growth, 

nutrient digestibility, protein and energy utilization 

and calf health. 

B. MATERIALS AND METHODS 

...... 1.. =--' 

Twenty-four Holstein male calves were purchased at 

4 days of age along wi th 50 kg of colostrum per calf­

from local farms. Each lot of colostrum from the 

first rnilking was inoculated wi th 200 cc of a 

Streptocoaaus lactis cultured buttermilk and on day 

'4 colostrum was treated with 1000 ppm of sorbic acid 

equivalent in the form of potassium sortate~ 

.? 
On arrivaI, each calf receiv~d intramus ularly 

900,000 lU of vitamin A, 135,000 lU of vitamin D3 
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~nd 90 lU of vitamin E (Poten ADE, Rogar STB, 

London, Ont.) and 3.6 mg of selenium in combination 

with 163 lU of vitamin E (Dystosel, Rogar STB, 

London, Ont.). Calves were housed in individual 

stalls wi th wooden slatted floors in a forced-air-'~ 
ventilated barn. On the first day, each calf was 

offered 2.5 kg of electrolyte solution (IONAID, 

Diamond Laboratory, Calgary, Alta.). Water was 

available ad libitum throughout the trial. On the 

second day, calves were randomly allotted to four 

treatments (Table 1) and fed 4' kg of a m1xture of 

2.5 kg of fermented colostrum and 1.5 kg of hot water 

in two daily feedings, up to the end of the trial at 

!3l 

21 days. The daily allotment of colostrum was expected 

ta provide energy at the malntenance level and a sur­

plus of 93.2 g of DP above the maintenance require­

ments for a 45-kg calf. The differences in estimated 
, 

levels of DP per calf per day among treatments reflect 

the actual crude protein content of colostrum as weIl 

as the varYing contribution of protein, contained in 

the fat concentrate. u The fat concentrate (Champlain 

Industries Ltd., Stanbridge Station, Que.) consisted 

of 58% of animal fat, 7% casein and sweet whey protein 

and 2% of lecithin used as an emulsifier. Prior to 

drying, the liquid mixture was physically homogenized. 

,Supplementation of colostrum with a mixture of 46.4% 

cerelose (glucose monohydrate) and 53.6% of a fat 

supplement was calculated so that each calf in 

Treatment 4 would receive an estimated 8024.9 kJ of 

supplementary DE. This would change the ratio of 

kcal DEJg DP from 71.1 in Treatment l~o 140.6 (Treat­

ment 4) considered to be ideal by Jacobson (1969). 

The expected ratios of kJ DE/g DP were 74.1, 96.2 

118.4 and 140.6 for Treatments l, 2, 3 and 4, res­

pectively. The supplement containing cere10se and 

fat was mixed with the colostrum prior to each feeding. 

, , 

----- ' 
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The consisteney of feces (Larson et al. 1977) and 

rectal temperatures were recorded after each ~orning 
0' 

feeding. If body temperature exceeded 39.4 ~ the 

calf was injected intramuscularly with 1000 mg of 

chloramphenicol (AUSTICOL 500, Austin Laboratories, 

Guelph, Ont.). Calves that did not respond to this 

treatment within 24 h were treated with other anti-

microbial agents. If diarrhea occurred, calves were 
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treated, ln agreement with manufacturer's instructions, 

'with Diastat (Stevenson, Turner and Boyce, London, 

Ont.). Diastat contalns Streptomyein, sulfathiazole 

and sulfamethazine as sources of anti-microbial 

activity and mixture of electrolytes. 

Representative samples of each lot of colostrum were 

analyzed for pH and titratable acidity at days l, 7" 

14 and 2Y; pH was measured on a Fisher model pH meter 

with a glass electrode. Titratable acidity was found 

by titrating 9 mL of undiluted colostrum to phenol­

phthalein end point wIth 0.1 N NaOH. Total solids, 

protein, nonprotein nitrogen (NPN), fat, lactose and 

ash were analyzed at days land 21. Total solids 

and ash were analyzed according to methods in the 

Association of Official Agricultural Chemists (AOAC) 

~1970). Protein and NPN were determined ~n jel­

Foss tester using AOAC 7 BOl and B04 metho s. To 

separate the protein for determination of'NPN, 5 mL 

of colostrum were mixed with 2.5 mL of 15% (wt/wt) 

of trichloracetic acid and, after centrifugation, 

NPN was determined in the supernatant liquid. Lactose 

was analyzed as reducing sugars uSing AOAC volumetrie 

method 31-051. During colostrum storage, sorne of the 

lactose is converted to lactic acid by S. laoti8 

(Collins 1977), thus "lactose equivalent" was calculated 

by subtracting the protein, fat and ash c.ontents from 

"-r-- - ~ - - ..,.,.------ ----___ .. ___ _ 
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/ the value of total solids. Gross energy values of 

the diets were calcula ted using the coefficients for 

fat. protein, lactose and cerelose given by McDonald 
l , 

et al. (1966). Parrish et al. (1953) data 00 digesti-

. bili ty of colostrum were used to ,calculate the diges-
, . 

tible energy of the diets. A conversion coefficient 

of 4.184 was applied to transfer the DE values from 

calories to jO}lles (J). 

,1 
Blood samples were collected by jugular puocture at 

, 4 h postfeeding on day 21 of the trial. Serum 'samples 

were analyzed for glucose (Peterson and Young 1968-) 

and blood ure a (Fawcett and s'cott 1960)~. 

'" Digesti bili t ies of total solids; protein,. fat'. lact'ose 

equi valent and ash were determ~ned by total feCla:} 

collection (Lodge and List~r 1973) in aIl calves from 

days 14 to 17. Analysis of fecal 'Dutrients was con­

ducted from frozen sarnples according to AOAC (1970) 

methods. 

Data were analyzed statistically by analysis of 

variance. When the analysis of variance indicated . 

significance (P< O. 05). the differences between indi­

vldual means were tested by Duncan' s new multiple 

rànge tes~ (Steel and Torrie 1960). 

c. RESULTS AND DISCUSSION 

. " 

(a) Colostrum Characteristics 

l 

... -- te • 

The basic characteristics of colostrum are 

presented in Table 2. There were no differences 

in the nutrient content. pH and ti tratable acidi ty 

values of fermented colostrum before supplemen­

tation. 

__ .~_I_- ~_----"-___ _ 
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(b) 

Colostrum pH was uniform throughout the trial 

in contrast to results reported by Yu et al. 

(1976). possi bly, because of our inoculation wi th 

,5. tact;is. Law pH in aIl treatments might have 

contributed ta feed refusaI by sorne calves' 

(Drevj any _et al. 1975). 

i 

Ti~ratable aCid1ty value's and their variation 1 

up to 21 days agree wi th data publi shed by . 

Muller and Syhre (1975) for, colostrum inoculated· 

wIth s. ~actis. Relatively high initial acidity. 
, 

compared with data published by Yu et al. ~(1976) 

and Otterby et al. (1977), reflects the high 

storage temperature (this trial was con,d~cted 
, -
.~~,during the summer montbs). Simila:r observations 

1 were made by Muller and Syhre (1975). 
~. 

Total sol'ids. protein and fat content s of colo­

strum (Table 3') are weIl within the ranges given 

in a review of Fo1ey and Otterby (1978). Lactose 

levels are in agreement wi th those reported by 

Yu et al. (1976), 
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The breakdown of nutrients during storage amounted 

to 9; 3% for total solids, 5.3% for protein, 2.4% 

for fat and 34.3% for lactose. NPN as a percent 

of total N amounted across the treatments to 

6.6% at day 4 aq.d 14.2% at day 21. Bath values 

are similar to those reported by Muller et al. 
, 1 

(1976), Polzin et al. (1977) and Rindsig (1976). 

An imal Performance 

Al though ther~ were feed refusaIs, they were 

not related to treatment .. Table 4 shows thé esti­

mated nutrient intake by calves and the ratios. 
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of D~ (kJ):DP (g) when ~alculated and corrected 

for the weighbacks. Gain increased significantly 

(P<O.05) with each increryent of DE; (Table 5). 

'Based on net intake of estimated DE and using 

Jacobson (1969) ,requirem~n~ for the neonatal 

calf, lawer gains should have been obtained 

in aIl treatments. However-. when the requirements 

of Cunningham et al.' (1958) were applied, the 
1 

actual ADG (Table 5) were reasonably close ta 

the theoretical calculations (-82.7, 58.4, 221.8 

and 292.7 g for treatrnents l, 2, 3 and 4, res­

pectively). 

To quantify the dependence of ADG on DE intake, 

a regression line was calcula·ted (Fig. 1). The 

relationship between the daily ~ntake af,DE (kJ) 

and ADG (g) (r=O.75) at fixed'protein int&ke can 

be described by the equation: 

y = 8326 + 12.26X 

wbe~ = dail y intake .of DE (kJ) and X = ADG 

(g,). \ 
[ 

If 
As the average rnidtrial liveweigbt of, calves 

was 47.25 ,kg, the equation above can'be trans-, 

formed into a more general form: 

y = l76.2W + 12.26X 

where W = liveweight/~n kg and X ADG (g). 

Based on' the latter equation, i t can be r)con­

cl'uded tbat maintenance requirement of DE for a 

'nonruminating calf fed fermente"d colostrum is 
1 

176 kJ/kg of liveweight and 12.3 kJ of DE re-

quire'd per gram of gain. 

, 
Such maintenance requirements of DE a~e in goad 

agreement with the work of McGillard et al. cited 
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by Jadob~on (1969' (171~5 kJjk~) and arisson 

fat'al. (1957) (187.0 kJ/kg). 'Substantial1y 

, ',higher values were published by Jacobson (1969) 

.. (194.1 kJjkg), Bryant et al. (1967) (201.7 kJ/ 

,kg), and'Blaxter and Wood (1953) (219.2 kJ/kg). 

Requirements of DE for jroduction are slightly 

higher than d~ta published by Brisson et al. 

'(1957) (11.2 k'J/g of gain) and close to the 

value published by Blaxter and Wood (1953) , 

(12.8 kJjg). Bryant et al. (1967) aBd National 

Ac'ademy 'of Science-National Research Council 

(1978) published higher DE requirements per 
, iffi, 

gram of gain by calves fed ~i1k only. 

The low DE requirements in ,t'his. ·s'tudy coùld 

'possibly be explained b~ the presence of small 

quantitie~ of volat-ile fatty acids '(VFA) in 
l' • 
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the S. Zaatis 'fermented colostrum (Collins 1977), , 

for which no analyses wereconducted. The 

VFA may have increa~ed the total available DE 

siightly for calves and thus lowèred the cal­

culated DE requi~ements. 

-Cc) Apparent Digestibility Stuq,y 

An increase in energy supp1ementation resulted 

in "a significant (P< 0;05) reduction in d~ges­

tibriity of total solids, lactose equivalent . 

and ash (Table, 6). The. decrea'se in digesti­

bilityof fat and protein'w~s not·significant 

(P:>0.05)~ ~ reduction of protein digestibility 

was observed by Lodge and Lister (1973) when 

whol~~- waS supplemented with 8-10% cerelose. 

It seems that there is a higb,individual 

variation in a calf's ability to digest supple­

mentary fat. While tbere was an average 10.25% 
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of fat in the fecal DM of control calves 

,(Treatment 1), two calves in each of the 

supplemented treatments had over 40% fat in the 

fecl:\.l DM, decreasing' their fat digestibili ty: 

to as low as 52.4%. 

The inèrease in fluidity of feces (Fig. 2) 

associated with increased energy supplementation 

may have been a contrib~ting factor in lowering 

dLgestibility (Grim~s and Gardner 1959). 
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, Differences between expe~ted and actual colostrum 

,,' nutrient contents and -yYeir digestibili ties 

altered the ratio of kJ DE:g DP in the rations 

offered very "'slightly. Actual ratios were 64.4, 

82.8, ·99.6 and 126.8 for Treat~en'1s l, 2,' 3 

and 4, respectiv:~lY (Table 4). \J 
. 

(d) Calf Biood Parameters 

No sïgnificantO differences (P>O. 05) among 

treatments for serum glucose (SG) were found 

(Table 7). There was a signi ficant (P< 0.05) 

decrease in serum ure~ nitrogen (SUN) with in- _ 

creasing supplementary energy. Carlson and 

Mu11èr (1977) found a posi t'ive correlation 

(r=0.42) between SUN and NPN in -colostrum. Sucb 

a correlation did not exist in ouf irial (r= 

0.01). It is postulated that it was the short age 

o~ DE in Treatments 1, 2 and 3 that caused 

deamination of surplus DP (93.2 g in Treatment ~ 

1), resulting ~n formation of urea and utili-

~ation of the carbon skeletons as a source of 

energy. A negative correla~ion (r= -0.67) 

between DE intake and' sUN and, a positive cor­

relation (r=0.94) between surplus DR~and SUN 
" 

seem--w' support this theory. , 
il . . 
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(e) Health of Calves 
\ 

With the increased supplementation of energy, r _ 

the fluidity of feces was increased (Fig. 2). 

A similar tendency was observed by Lister and 

Lodge (1973). According to Blaxter and Wood 

(1953) a daily intake of more than 200 g of 

total carbohydrates per calf leads to diarrhea. 

This may explain the increased fluldity of feces 

from calves given TDeatments 3 and 4, where 

daily net intake of lactose equivalent amounted 

to 201.4 and 271.5 g, respectively. No cases 

of Code 4 (watery) feces were recorded. The 

highest incidence of runny feces (Code 3) was 

observed durlng the second week. 

58' 

The number of days with body temperatures above 

39.4oC was similar among calves· from Treatments ... -

l, 2 ~nd 3 (2, 3 and 2 calf days, respectively) 

but increased in Tr~atment 4 (9 calf days). 

Feed refusaIs of diluted and/or supplemented 

colostrum were unrelated to treatment. Often, 

the feed r~fusal coincided with increased rectal~ 

temperature and/or higher fluidity of feces. In 

the course of the trial 2.56, 4.03, 7:60 and 6.13 

kg of weighbacks were recorded per calf in 

Treatments l, 2 3 and 4, respectively; 

The supplementation of fermented colostrum with 
J 

au energy source (46.4% of cerelose and 53.6% 

'of fat supplement), resulted in an apparent 

improvement of colostrum protein utilization as 

demonstrated by better growth and decreased 

blood urea N. Fluidity of feces increased with 

increased supplementation, possibly indicating 

that the calves' ability to utilize carbohy-

" 
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dia~es and/o; fat has been ~xceeded at ~he 
highest level of supplementation. 

SUMMARY 
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Twenty-f,our Holstein calves were fed fermented colo­

strWm (streptococcus ~actiB) treated with sorbic acid, 

from 4 through 24 days of age to study the effects 

of lncreaslng the ratio of calculated digestlble energy 
>!., 

(DE, kJ) to dlgestible protein (DP, g). Approximate 

ratios (kJ DEjg PP) studled were 64.4, 82.8, 99.6" 

and 126.8, which were obtalned by addlng lncreaslng 

amounts of a mixture of cerelose (46.4%) and a fat 

concentrate (53\6%) to the basal colostrum diet. 

Recorded dŒia included dal1y feed intake, body tempera­

ture, fecal charac~eristi~s, weekly body weights 

and analyses of co1ostral pH and tltratable acidity. 

At the beginning and end of the experiment, colostrum 

was ana1yzed for protein, NPN, fat, lactose and ash. 

Blood serum samp1es taken at day 21 were analyzed fpr 

glucose and urea. A digestlbility study was conducted. 

between days 14 and 17. There was a significant 

(P<:0.05) increase in gain with each increment of 

DE (15.9, 103.2, 174.6 and 321.4 g for DEjDP ratios 
1 

of 64.4, ~2.8, 99.6 and 126.9 respectively) and 

improveme~t of protein: gain (g/IOOO ~) ratio (9.095, 

1.355, 849 and 444, respectively). B~ood urea levels.~ , 

were being negatively correlated (r= -0.67) with DE 

intake and positrve1y correlated (r=0.94) with sur-

plus DP. There was a tendency for a reduction in 

digestibi1ity of fat and protein with ipcreasing 

supplementary energy. The reductiorl was significant 

(P<0.05) for total solids and lactose equivalent. 

The equation Y (~t) = 8326 + 12.3 x (ADG) was con-

~ structed tO'desc~~~'~he rela~ion~hip between ,~he 
daily intake of DE (kJ) and ADG (g),. The maintenance , 
requirement of the nonruminating calf wàs estîmated 

as being 176 kJ DE/kg of liveweight and 12~36 kJ of 
, .. ~.. . 
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DE required per gram of gain. Energy supplementa-

tion of fermented colostrum improved calf growth 

and,decreased blood urea nitrogen but increased the 

incidence of loose feces. 
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CHAPTER 6 

GENERAL SUMMARY 

In a total of five trials, involving 164 neonata1 Holstein 

calves and' two laboratory experiments, the possibilities 

of improved palatability and preservation of nutrients in 

fermented colostrum were tested. Attempts were made to 

improve the protein utllizatlon by calves by widenlng the 

digestible energy (DE) to dlgestible proteln (DP) ratlo 

, in fermented colostrum through lncreased participation of 

homofermenta ti ve microbes, by prevention of unnecessar Y ) /, ~ , 

degradation of nutrients through yeasts and molds and 

eventua1ly by dlrect supplementation of energy. 

It was established (Chapter 2) that inoculation of colç-
1 \ 

strurn with homofermentative Streptococcus Zactis culture 
-' \ resulted in a more rapld drop ib'pH during the frrst four 

, 
days of fermentatl0n when compared to an uninocu1at~d con-

trol. In ilddi tion, S. lactis cul tured, colostrum m? .. 1r;~ai~ed 
the h}ghest level of residual lactose after 28 days of 

storage when compared to natural fermentation or colostrum 

inocuiate~ ~ith a mixture of Streptococcus thermophilus 

and LactobaciZtus buZgaricus or LactobacilZus acidophilus. 

'colostrum inoculated with S. thermophiZus and L. bulgaricu8 

or L. acid~ph~lus was not ~cceptable to calves and feed 

refusaIs resulted in premature termination of the experi­

ment for these treatment groups. There were no refusaIs -by calves fed naturally fermented or S. Zactis cultured 

colostrum. The use of S. Zactis culture produced a better 

overall daily gain (582 g/day) than naturally fermented 

colostrum (434 g/day) and calf starter intake was signifi­

cantly higher by calves fed colostrum inoculated with 

S. lactis than by those fed naturally fermented colostrum. 

The pH of S. Zactis cultured colostrum was maintained 
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between 4.0 to 4.5 during the entlre storage perlod. The 

drop in pH to 4.0 - 4.5 did not prevent aCld resistant 

microbes, such as molds and yeasts, from further degrading 
, 

the nutrients in stored colostrum. 

Since acid-tolerant yeasts and fungi contribute substan­

tially ta degradation of nutrients and a formation of off­

flavours, partieularly during extended summer storage 

(Pelczar et al. 1977), control for such'contamlnation is 

necessary. 
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Addition of sorbic acid (Chapter 3) appIled at 1000 ppm 

during the flrst 4 days of summer storage resulted visually 

in effeetlve control of yeast and mold contamination and 

improved odor. When S. Za~tis inoculated, sorbie acid­

treated colostrum (1000 ppm) was fed to calves duriqg the 

summer, the averag~ daily gains and intake of calf starter 

were greater in comparison to naturally fermented colostrum. 

Application of sorbic acid during winter storage brought 

only partial control of mold and yeast contamination and 

had no effect on calf performance. According to Wallhauser 

and Luek (1972), the mold inhibitory activity of sorbie 

acid depends on the dose applied, inltial Ievel of contami­

nation, and the pH of the medium. In examining the effeets 

of the above mentioned factors on efficaey of sorbie acid 

it was established (Table iII-l) that even during winter 

storage, an increased dose of sorbie acid will lower the 

contamination of molds and yeasts •. A negative effect of 

higher initial contamination of molds and yeasts on the 
efficiency of sorbie acid however, was observed in samples 

where application of sorbic acid was delayed to day 4 of 

storage (Table III-l). 

Furthermore, the pH of colostrum fermented during./idnter 

was approximately 0.5 unit higher at the beginning of the 
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trial, and l unit higher at the mid-trial point, than in 

summer. (Table 111-1). This difference in pH will sub­

stantially lower the undissociated - or effective - part 

of sorbic acid which is available to inhibit the' molds 

.and yeasts. 

Storage temperature (Polzin et al. 1977) has an important 

effect on the type of microbes participating in fermen­

tation. ~uring winter storage, d~sti11able acids of 

naturally fermented colostrum were only 0.02 mg/ml, whi1e 
r 

during summer storage were 0.19 mg/ml. Similarly the 

total tltratable acidity, expressed as % of lactic acid 
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was approximately 1.4% during winter and 3.06% during 

summer. Though the lactic acid concentration was similar 

irrespective of the storage temperature, distl11able 

acidity was approximately 9.5 times greater in summer than 

in winter. 1t appears that low storage temperatures gene­

rally curtail the microbial activity in fermented colostrum. 

Microbes converting the fermentable substrates from colo­

strum in higher proportion to VFA and possibly other lipo­

genic substances are most affected. Controlling such 

rnicrobial activity during hot summer weather is the main 

purpose of sorbic acid application to fermented colostrum; 

during winter, the sarne application is less justified. 

A significant improvement in average daily gain (ADG) 

of calves fed S. Zactis inoculated, sorbic acid-treated 

colostrum, stored during summer, coul'd be explained by 

increased consumption of the calf starter as weIl as 

increased residual value of colostral nutrients. Small 

amounts of fermented colostrum were fed ta calves to 

induce rapid initial intake of calf starter and stimulate 

high level of intake during the experiment. 

The daily allotment of colostrum satisfied, approximately, 
1 

the maintenance requirements of the new-barn calf for 
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energy. Early intake of calf starter was required to 

support positive liveweight gains. 

When S. Zactis fermented and sorbic acid-treated colo­

strum is fed to neonatal calves, a specifie factor may 

be involved in increased consumption of calf starter. 

Analyses of S. Zactis fermented colostrum revealed that 
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the initial level of riboflavin (0.14 mg/IOO g) was increased 

during fermentatlon (0.21 mg/IOO g), enough to satisfy 

the riboflavin requirements oÏ the neonatal calf. No 

net synthesis of riboflavin was observed in naturally 

fermented colostrum (Drevjany et al. 1975). Riboflavin 

and some'other vitamins of the B group are known ta be 

synthetized by Streptococcus lactis~ and are important co­

factors in enzymatic systems regulating the energy and 

protein metabolism (Stryer, 1975). Sufficient amounts of 

vitamins of the B group may thus increase the turnover 

time of nutrient metabolism, and may indirectly induce 

higher intake of the starter feed. \ 

1 
The DE/DP ratio of calf starter was approximately 30% 0 

higher than the weighted average of aIl fermented colo­

strum (87.6 vs. 67.9 kJ/g). Closer examination of exp'èri­

ments 2 (Phase 1) and 1 to 3 (Phase II) revealed that 

only in experiment 2 (Phase 1) did higher consumption of 

calf starter result in an improved DE/DP ratio when com-

pared to tqe control. In other trials (Phase II, trials 

,1 to 3), the differences in intake, of starter between 

the control and experirnental groups resulted in an improved 

DE/DP ratio, though the control ratios remained qigher 

than tQe experimental ones. In trial l (Phase II) the 

colostral DE/DP ratio of 65.4 was increased by starter 
, 

intake to 72.6 kJjg, but remained still below the control 

total ration ratio of 76.0 kJjg (Table 7-1). In the 

same experimen~ (Phase 11-1) the DE/DP ratio of control 

1 
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colostrum was 71.1, while in experimental colostrum, only 
1 

65.4 kJ/g. As â result, the DE/DP ratios were lower in 

aIl experimental groups in Phase II,'when compared to the 

respective controls. The Iower DE/DP ratios in experi­

mental colostrum, were due to initial variance in nutrient 

composition of colostrum. 

It appears that Iower intake of colostral energy in aIl 
~ , . 
1 experimental treatment groups in trials l to 3 (Phase II), 

l!!.ight have contributed, as pointed out by Muller et al. 
1 

(1975), to the lncreased intake of calf starter. The'ratlQ 

of DE/DP was increased by calf starter intake, but never 

exceeded 80 kJ/g. This ratio is approximately 40%,below 

the optimal recommended by Lister and Lodge (1973). 

Estï~ated intake of DE per, calf per day varied from 8,077 

kJ (contrOl group in trial 3, Phase II) to Il,964 kJ 

(experimental group in trial 2, Phase 1) (Table 7-1). 

Using the requirements for DE estimated in Phase IV, 'trial 

l (176 kJjkg of liveweight; 12.3 kJ/g of gain), the ex­

treme intakes of DE should have supported an average gain 

of 8 to 347 grams. The actual. average daily gains for 

the sarne groups of balves, however, were 78 grams and 

398 grams. That the daily intake of DE per calf seems 

to be closely correlated to the ADG i~ not surprising, when 

considering the surpluses of DP which existed 'in aIl diets. 

With the average mid-trial liveweight of 45.06 kg and ADG 
-~"l 

of 232.5 g, the requirements for DP would have been met 

by 64.2 g of DP (Jacobson, 1969). In reality, the 

average daily intake of DP varied between ,105.1 g (control 

group in trial 3, Phase II) and 152.6 g (experimental 

group in trial 2, Phase 1). 'Assuming that energy intake 

was not growth limiting, the digestible protein intake 

was thus sufficient to provide gains between 492 to 801 

grams. 
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To elarify the mold inhibiting and nutrient preserving 

properties of sorbie aeid, a laboratory experiment was 

eondueted (Phase III). The aim of this evaluation was to 

observe the effeet of four levels of sorbie acid applied 

at different times and held under two storage temperatures. 

During summer storage (Table 111-2), the day 1 application 

of aIl levels of sorbie aeid led to complete elimination 

of molds and yeasts, while the count in naturally.fermented 

colostrum grew to a level of approximately 106 ml (Table 

111-2). Partial, but not complete, control of molds and 

yeasts was observed during winter storage at aIl leve~s 

of sorbic aCld (Table 111-2). Storage losses of lactose 

were higher in summer (88.2%) than ln winter (32.8%) 

conditions. Day 4 application of 2000 or 3000 ppm.of sorbie' 

aeid to colostrum stored under summer conditions, resulted 

in the highest residua1· 1eve1 of lactose. Protein degra-, 
dation decreased when the dose of sorbic aeid ~pplied 

was increased. Degradation of protein was lower by 13% 
< 

in summer and 5% in winter in sorbic acid-treated samples 

than in control samples. No changes in total nitrogen 
1 

were noticed during storage. Visual characteristies 

and odor of stored colostrum were greatly improved 'by the 

application of sorbic acid, espeeially during'summer storage. 

It appears that degradation of nutrients during summer 

storage and putrefaction of colostrum by acid-resistant 

molds and yeasts ean be successfully lowered by applica­

tion of sorbie acid during the first four days of storage. 

Application of 1000 ppm of sorbic acid in the form of 

potassium sorbate is recommended, as it controls suecess­

fully the mold and yeast 'contamination in fermented colo­

strum (Table 111-2), and is weIl be10w the highest ad­

missible level for preservation of cheese in~Canada 

(Luck and Remmerk, 1974). 
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Use-of homofermentative microbes leading to an increased . 

proportion of lactic acid during fermentation, and appl'i­

cat~on of sorbic acid resulting in higher residual levels 

of lactose in, fermented colostrum, would help to widen 
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the ratio of DE/DP to sorne extent, but not sufficiently to 

me~t the requirements suggested by Lister and Lodge (1973). 

Fermented colostrum was therefore supplemented with a 

mÏ;xture of cerelose and fat premix, (\Vi. t,h ratio of gluco­

g~nic and 11pogenic energy similar to whole milk) so 

that its ratio of 64.4 kJ DE/g of DP (treatment 1) would 

be increased to 82.8, 99.6 and 126.8 for treatments 2, 
.' ' 

3 and 4 respectively (Phase IV). Two and a half kilograms 

of S. Zaatis inoculated, sorbic acid-treated 'colostrum 

with (experimental groups) or without (control group) . 
the supplement were offered per calf per day. The gains 

were signi ficant ly (P< 0.05) increased wi th each increment 

of DE (15.9, 103.2, 174.6 and 321.4 g for treàtments l, 2, 

3 and'~ respeciively). Based on intake of DE and using 

Jacobson (1969) requirements for neonata'l calf, lower 

gains should have been obtained in aIl treatments. How­

ever, when requirements ~f Cunningham et al. (1958) were 

applied, the actu~l ADG wer~ reasonably close to the theo-

retical calculations (--82.7, 58.4, 221.8 and 292.7 g for ) 

treatments l, 2, 3 and 4 respectively). As a measure of 

efficiency of protein utilization, the protein/gain 

ratios were calculated. They followed a similar trend ip 

response to increase in DE as was noted for ADG (9,095, 

~,355, 849 and 444 g for treatments l, 2, 3 and 4 res­

. pectively). 

Improved protein utilizatio~ due to increased intake of 

DE ~as accompanied by significant drop (P<:O.05) in·blood 

UFea levels (22.95, 14.57, 10.57 and 7.23 mg % for treat­

ments 1, 2, 3 and 4 respectively). Blood urea levels 

.~ 
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were ~egativelY correlated (r = .94) with surplus DP. 

It appears that the short age of DE irr treatments l, 2 and 

3 caused deamination of surplus DP, resu1ting in for-
.-

mation of ure a and utilization ot the carbon skeletons 

as a source of energy. 

There' wa"S a tendency for a reducti9n in digestibili ty of 

fat and protein with increasing supplementary energy. 

The dige§tibil~ty of total solids and lactose equivaI~nt 

were significant1y lower as the DEJDP ratio increased. 

The DE for maintenance of 'the' nonruminating calf was esti-
,b.. 1 CI 

mated as being 176 kJ/kg of 1iveweight and 12.4 kJ'of 

DEjg of gain. 
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,GONCLUSIONS 
) 

. Pha.se l 

During the fi~st phase o~ research, c~lostrum inoculated 

wi th St~el/toao'aaus rZaatis) a mixture of S. thermophi lus 

~and LaatobaavZZus bul~ariaus~ and L. aaidophiZus~ was 

compared with naturally fermented or fresh colostrum 

in a laboratory storage trial and calf feeding trial. 

The fermentatien, as indicated by pH and titratable 
, \ 

a~dity eha~ges and residual nutrie.n~ levels ~~s most 

eff~ctively controlled by an inoculation ·with"S. Zactis. . 
, The quick drop and t hen maintenance of pH 'wi t hin 4-4.5 

,0 assured high palatability and Ultiformity of, colostrum 

and minimized aeid-sensitive contamination. Inoculation 

with S. lactis had no effe~t on mold and yeast contami-
... 

'q 

nati·on. 

Calves fed ",inoçulated çolostrum, exhibited higher aver.age 

',daily gain, ,highe,r ca;..t-starter intake and lower inci­

denc'e' o'i' watery diarrhea than calves fed naturally fer-

, mented' colostrum. 

Phase Il 

Second phase of experimentation involved three colostrum 
\. !' 

feeding trials, designed to assess calf response to~lOOO 

ppm ... of \ sorbie aeid equi valent applied under various con-
'" di tion'S. <, 

Colostrum containing sorbic aeid retained its palatabi­

lit y throughout the 21 days of the summer storage period, 

.- and was Îree of surface molds in contrast wi th the obvious 
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mo1d grJO>wth on the surface of untreated colostrum. Calves" 

fed sorbic aeid treated colostrum stored during summer 

had higher (P~O.05) daily gain, and increased consumption' 

of calf starter than ca1ves fed untreated colostrum. 

No similar effects due to sorbie acid' were observed during 

winter trial when the ambient temperature was 10.5 ± 
o 1.2 C, and mold growth was inconse~uentia1. Time of appli-

cation of sorbie aeid did not affect th'e growth rate of 

calves, or intake of calf starter. Sorbie acid can be, 

applied at any time up to 4 days, of storage to' S. laatis 

fermented colostrum. 

Phase, III 

Laboratory experiment was eonducted to clarify th~ mold 
" 

inhibiting and nutrient"preserving properties of sorbie 

acid. Sorbic acid was applied at day 1 or 4 ü:r-storage 

at four levaIs (0, 1000, 2000, or 3000 J>pm sorbie aeid 

equivalent), to S. Zactis inoculated colostrum stored at 

ambient summer or simulated winter conditions. 

Day 4 application maintained the pH at a desirable level 

throughout the storage. Nutrient degradation was,greater 

in summer than in winter storage conditions. Application 

of 1000 pp~ of sorbic acid at day 4 resulted in increased 
~ . 
residual levels of lactose and protein and elimina~~on 

a~_"'" 

of mold and yeast >contamination, in comparison to un­

treated S. Zactis fermented colostrum. Vi suaI eharae­

teristies and odor of store~ colostrum were greatly im-

proved by the application of sorbie aeid, espeeially ,~ 

during summer storage. 

Phase IV 

Final O~djustment of an unfavpurable digestible energy to . " 
digestible protein ratio in fermented colostrum, was 

aceomplished by direct supplementation at- the time of 

feed~ng with a mixture of emulsified fat and cerelose. 
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DE/DP 'ratios (kJ DEI g DP) were. adjusted to 64.4," 82.8', 

99.6 and 126.8. With each incremental increase in DE/DP 

ratio, increased gains and protein/gain ;atios were 

observed 'in cal ves fed the, supp1~mented S. ZacHs -sorbie 

aeid ~reated colostrum. Blood urea levels were n€ga­

ti~ely correlated with surplus DP. A significant reduc­

tion in the digestihility of total solids apd lactose' 

equivalent and a tendeney to reduct~on in the,digesti-
1 

bility of fat and protein wks observed in response to 

increased DE/DP ratios. The equation Y (DE) = 8,32~ + 
12.3 x (ADG) was construeted to deseribe the relationship 

between the daily intake of DE (-kJ) and ADG. 

Inoculation of colostrum with S. lactis culture, inhibi­

tion of molds with sorbie acid and supplementation with 

energy result in a more palatable, uniform and nutri­

tious -feed for neonatal cal ves. 
\, 1 G 
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Table l - 1. Planned storaee temperatures 
(Triah 1 and 2) 

~. P1anned s!-orage tempera ture lb' 

.-' 

o. 

QA 

. Sample Inoculant 

A S. lactia 

B L. bu}garicus and 
S. thennophllus 

C L. ac1dophilus 

D None (naturaI fermentation) 

E None 

\ 
*For technical reasons, 

(Pelczar et al. 1977) • 

--, ~~'';.~----­
.. 1<t.!'1', 

'4 
& 

33°C lo1as used instead 

" 

First 4 days Day 5 ~ 28 

23 20 

33* 20 

33* 20 

23 20 

4 4 

of ~econunended 37°C 

1 

. 
---------~-
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Lactose (X) 

Prote1n (%) 
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Table l 2. Gross chemical co~position of stored colostrum (Trial 1) 

Treatment and inoculant 

A B C D E 

S. thermophilus Naturally 
S. lactis L. bu1garicus L. ac1dophllus fermented ----None 

" days 28 days " days 28 days " days 28 days 4 days 28 days 4.days 

" , 
3.30 1.20 1~ 70 0.87 1.80 0.17 3.50 0.42 3.90 

5.12 5.20 5.16 5.10 5.00 

4.36 4.36 4.36 4.36 4.36 • 

... 
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Table 1 - 3. Croas chemical compositiôn of fermented colostrum on day 4 of stor~ge period CTrial 2) 

Treatment and ino~ulant 

A B C '0 

Item 
S. thermophllus Naturally 

S. lacti.9 L. bulgaricus L. acidophilus fermented ... 
Total soiids (%) 14.354 13.00a,b 12.50 b 14.01a,b 

+ LOS ! 1.01 ! 2.06 ! 1.18 

Protein (%) 5.15b 6.72a 6.19a 5.18b 

+ :!: 1.10 + .84 
:..+ 

.91 - - 1.09 

Fat (%) 4,.06 4.14 3.82 3.86 

+ + + .(r.O + .58 ,42 .52 - -
Lactose (%) 3.41a 1.61b 1. 63b· 3.15a . 

+ .37 + .34 :!: .31 + .40 \ :eP" 

atb Figures in ~OWB havlng a dlfferent let ter differ signifieant1y (P <cO.OS) 
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Table l - 4. Performance of Holstein calves as affected by microb1al treatment of colostrum 

==============c=====================~~~======================================================~~ 

Item 

No. of cal vu 

Da11y gains (g): 
to wean1ng (25 days) 

te end 6f experiment 
(S~ days) 

b Feed consumed (g): 
a) starter/calf/day 

up to 2S days 

up to 53 days 
during week prior to 
weaning 

during weeK after 

A 

S. lact1s 

8 

398.0 

582.0a 

439.0 

1131.04 

. 571.0 

Treatment and inoculant 

B v C 0 

S: thennophilus & Naturally + 
L. bulgarlcus L. acidophilus _ fermented - ~E 

8 ,~ 8 

", . 
325.0 ':"s 

) * ," 434'.Ob 41 p , 

'-
l 

.:. 
~ 

.p ",' '290.0 ZS 

", ", 893.0b 62' 

* * . 478.0 44 

r"· wean1ng 1063.0 * " 1101.0 lU 
1 ..-

12* 24.5· 49.~ 
\/ b) intaka of colostrum ..-

up to wean1ng (litres) 49.5 

% refused 0 58.6 16.2 1 ~. 

*Experiment terminated prematurely. 0 

_,b Figurel in rowl h~ving 1 d1fferent 1etter d1ffer .1gn1f1cantly (P < 0.05) ~ , 
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Table Il - 1. Average '~mPQ~ition of fermented colôs.tr~ in trials 'l, 2 and,3 
~ , 

, Trial l , (sUJmIer) 

~ 
Item Control ~ Sorbate' ..... c . . 

TOtal BolidB (') 14.35 14.01 
TOtal (N x 6.38) protein " 5-~18 - 5.15 

Fa.t C') ,4.06 . 3.86 

pH 4.30 • 4.54 

Titratable acidity Ct') , '.95, ~ .94 
- '- Jj< 

" 
.' 

.. " %~ 

~ 

Q 

.. 

- -~ _.~- --

'Trul 2 
("inter) 

Control 

13.86 

5.32 

3.86 

4.98 

.76 

f,'&> a. 

'-/. 
(14. t2 
' 5.58 

4.02 -

5.02, ' 

~ .66 

" 

'\ 

.' 

'. 'l'n,al 3 (I\ummer) 
(time of application 

of sorbatel 

Control Day 1 Day~ 

15.1~ 14.132 14.46 

5.t2 5.66 5.56 ' 

4.52 4.-60 4.38 , 
4.85 4.86 '4.56 

.~7 .56 " - .72 
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Tabla 11-2. Etf_ct of 80rbie acid on average dai1y gain and starter intake of calves in trials 1 end.2 

-< 

Trial 1'- lummerl 

Control 

"Sorbet. 

S! 

Trial ~ • winterl 

c06tro1 

Sorbete 

SE. 
~ lO, # 

Humber of 
animals 

18 
18 

24 

24 

Startinq 
weight 
(k~) 

41.()4 

37.44 

44.92 

44.47 

AOC up ta 
weaning 

Ig) 

199.0b 

lOO~6a 

20.8 

190.1 

207.4 

14.4 

) Average dal.ly 
20\ starter 
consUlIIption 

up to weaning 
, Ig) 

239.8 

296.'7 

20.4 

186.6 

199.0 

9.9 

Average daily 
20\ starter 
consUlIIption 

during 3rd week 
tg) 

410.6 

502.9 

38.2 

266.2 

-281.9 

H.C 

a. b Meaps in èo1umns with diflerent letter. are siqnificant1Y different (P~O.05). 
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Table II - 3. Incidence of watery ~cours and 1ncreased rectal temperature 
as affected by presence and time of applicat10n of sorb1c acJd in trLals 1, 2 and 3 

Trial l (summer) Trial 2 (.nnter) Trial 3 (summer) 
Time of applicat10n of sorba~e 

Item 

Incidence of watery 
scours (oode'4) up 
to weaning* 

Rectal temperature 
above 39.4OC·· 

Control 

Day. " 
11 2.91 

23 6.5 

Sorbate 

Days \ 

2 .53 

32 8.5 

Control Sorbate 

Day. " Day. " 
14 2.7B~ 1.19 

14 2.78 

1 

fi 
1 

4 #' .79 

COntrol Day 1 Day 2 

Daya \ Days " Days 

4 1.79 3 1.34 3 

3 1.34 

" 
~ 

" 
1.34 

• Physical appearance and consiatency of feces character~czed as watery 'scours were as described by Larson et a~l.' (1977) • 

•• Elevated rectal temperature above 39.4oC ~as conSider~ cause for antibiotic treatmeQt. 

All figures appearing in the table refer to calf-days iln absolute terma and as a percent of total. The total 
1 00 - "'\ 

period trom birth to weanin9 represents 378, S04 and 224 calf-days per treatment in experiments 1. 2 and 3 
respectively. -: < 
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II - 4. Effect of day 1 vs. dRY ~ a~plication of sorbie acid on ADG and starter consumption in trial 3 . 

Number of 
animals 

Starting 
wei",ht 

ADG up to 
weaning 

(28 days) 

Average da~ly 
Average dally 20~rter 
20\ starter cons tion 
consumption ~n last week 

.- D 

.... 

\ (kg) (9)-- up to weaning prior to weaning 

Control 

Day 1 application 

Day 4 ~pplieation 

SE 

8 

8 

8 

44.~ 

40.\9 

40.6 

~ , 

78a 

248b 

239a.b 

56 
~ 

(",) (g~ 

193 353.6 

260 442.7 

238 444.5 

26 49.3 

•• b Values with different letters in the same column are significantly different 
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orabl. Il t - 1. K._n affecta of ator ••• t .. per.cur.. da, of app11catiao. laval of _pplieatioo .ad ... pli .. tla •• 00 oueritl ••• alu. of aorb1e 

.cid cr .. tad cololtru.. 

pli 
S ... er VLAtar 

Day of A •• B •• 
"'ppl1catioo 1 4.56 5.73 

.... b B.b 
4 4.37 4.97 -

SI .0lO .Ol2 
Leve! of 1. •• Il.-
_ppl1e.t108 0 3.98 4.84 

A.b !.b 
l,DaO ps- 4.14 5.l9 

A.e Il.e 
2,000 ppa 4.47 5.41 

A.d Il.e 
3.000 ppa- 4.77 5.45 

SE .01S .016 
",' 

T18. of ... pl1al ..... a,. 
dey 4 5.40 5.91 

A.b a.b 
7' 4.75 5.41 

A.c a.e 
14 4.04 5. OS 

A.d a.e 
21 3.94 5.02 

THratabl. 
acid lty Laeto •• 

Dya 1>t...tl .. 
pt'ot6il1 

S~U \linter 
X 

S.-er 1 \Ilota .. S.-a .. % \IiaU:&' 

A A.b Jo. 8 • 1.42 .39 1.08 1.75 3.53 - 3.54 

... l,b i. 1 b 
1.41 .71 .97 l.67 3.~0 3.64 

.045 .012 .056 .094 .077 .041 
A •• .1 •• A ... JI •• A.,& 1 

2.16 .75 ... 19 1.17 3.21 3.50 

A.b Il,b A ••• b B.b _ •• b 
1.88 .59 .91 1.58 3.39 3.57 

.... c Il.c A,blc Il.b b 
1.37 .53 1.04 1.79 3.59 3.5S 

A.d Il.c A.c a.b 
3.:~· .99 .53 1.13 1.75 3.62 

.023 .006 .028 .047 .039 .024 

A,a B •• A." D.A • • .61 .45 1.70 1.94 3.97 3.78 

A.b a.b 
.76 .49 
A,c a.e 

1.64 .59 

A.d B,d 
2.25 .66 

li x 6.3S 
S_ ... \Ilnl:ar 

5.17 5.11 

'.18 '.09 

.047 .076 

5.08 5.06 

s.l] 5.08 

5.16 5.15-

5.19 5.09 

.024 .031 

5.12 $.U 

Jat 
5-arx Vintar 

" .. 1 
4.65 4.81 

",b 1 
4.74 4.92 

)lald aDd y .. al: 
Couat 
SUBaer W1.uc.ar 

IIole! .acI l'Ult 
C,,".t (e"otr"l 

u:eludad) 
S.-ar \ILAta .. 

3.79xI03 1.33xl04 

1.16x105 6.27xl0' 

.034 ' 5 5 .076 6.36xl0 2.49:&'10 ...... 1 
5.24xl06 1.26xl0' 4.80 4.48 

b 
4.93xl04 5.47xl0S 4.64 4.79 , 

b 
4.66 4.84 6.761104 2.46x1OS 

• 6.~9x104 1.67:&,10' ".79 4.9a 

.017 .038 3.18.105 1.24xl0' 

4.66 4.811 1.68d05 4.91d05 1.5ls105 1.40xtaS 

7.12xl0' 2.59xl06,,2.6hI01o Z;6h105 • 

A •• B.e: A •• Il •• A.b !.b A.b I.b 
1:52"10' 3.1bl06 Z.05x102 4.5hl05'· 28 l.B5 5.01 2.n .71 .21 1.Jl 2.89 3.J7 5.11 5.08 4.76 4.74 

SE .007 .006 .009 .003 .004 .106 .066 .049 .042 .cao .025 .0110 6,61xI05 9.19x1O' 

•• b,c:,d,t, yalue. vithln .,..00 vith dlfferlng po.t.crlpt. verl .1BaificIDtly difflrlnt It '<0.05. >\ 
A,I. yalui' ln rOVI for cola.tru. companent. vlrl Il,nlflea~tly d1ff .... nt .t P<0.05. 
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Table 111 - 2. Simple effe~ts of storage temperature, day of application, level of application and 

sampling time on pH, Titratable Acidity and Meld Count of serbie acid treated colostrum. 

Il" 

TREAP\ENT' \.lINTER WINTER 

Day of Level Sam~llng Dav Sam~ling Da;:t 
a pplic: Applied 4 7 14 21 26 4 7 1" 21 28 

5.06 4.27 3.38 3.48 3.70 5.43 4 ._91-- _4 • 51--- 4 . 58 4.63 

:1 5.56 4.91 3.82 3.45 3.62 6.08 5.60 5 29 5.27 5.32 

3 5.87 5.2J J.96 J.60 J,7J 6.J8 5.91 5.65 5.66 '5.61 

pli 4 5.99 5.31 4.86 4 .31 1, .25 6.36 5.93 5.59 5.64 5.72 

4 2 5.04 4.43 3.54 3.50 3.70 5.58 5.00 4.57 4.56 4.65 

4 J 5.09 4.49 4.30 4.24 4.23 5.70 5.19 4.69 4.67 4.68 

4 4 5.20 4.61 4.41 4.36 1,.37 5.82 5.26 4.78 4.71 4.74 

0.74 0.95. 2.97 3.13 3.03 '0.57 0.62 0.72 0.89 0.97 

2 0.56 0.65 1. 64 2.97 J.09 0.36 0.39 0.47 / 0.53 0.60 

3 0.42 0.52 1. 50 2.75 1".7) 0.29 0.32 0.35 0.36 0.46 

Titratable 4 0.39 0.52 0.78 1. 27 1.49 0.28 0.30 0.37 0.38 0.46 

Ac1d1ty (%) 4 2 0.73 0.9J 2.43 2.90 2.89 0.57 0.63 0.75 0.81 O.SI 

4 ~ 0.75 0.88 1.14 1.43 1.65 0.54 0.61 0.76 0.82 0.84 

4 4 0.73 0.88 1 :03 l. 29 1.56 0.54 0.'59 0.74 0.83 0.83 

265.2 - 4.825.0 10,625.0 1,995.0 - 16,550.0 19,150.0 

2 25.0 0.0 0.0 1.5 - 10.0 73 .1 

3 8.1 0.0,,- '0.0 1.0 - 3.8 2fY. 3 

Mold Count 4 0.9' 0.0 0.0 0.5 - 0.9 2.3 

(10J) 4 2 270.6 0.0 0.4 543.0 - 669.0 1,983.0 

4 3 280.0 117.5 0.0 517.5 531.0 399.0 

I, 4 331.6 44.0 ,,0.8 379.0 - 387.0 235.0 - -. 
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Table Ilt - 3. Sign1flcance o-f -T'l"eatment, Interactions 

Int:erac cions" pli Titratable Lactose Dye Binding N x 6.38 Fat Mold 6 
Acid 1ty Protein Count ( 10 ) 

51gni- SE Sig. SE Sig. SE S1g. SE Sig. SE Sig. SE Sig. SE 
ficance ~ ___ ~-::J 

2 way: 

TlCD .. .282 * .160 HS ·913 .. .112 NS .022 HS .004 NS 7.925 

TxL " .104 * .238 NS .039 NS .042 HS .027 ft .076 NS 1.703 

TxS * .190 Ir .. 861 ,., - .462 • .281 HS .052 '" .073 NS 5.370 

DxL * .055 ft .113 HS .035 NS .072 HS .033 NS .059 MS 3.175 

DxS '" .013 .. • 247 • .422 HS •• 046 NS .000 NS .046 NS 1.965 

LxS • .062 * .190 NS .056 NS .013 NS .011 NS .045 NS 6.972 

3way: 

T"'D*L • .123 1< .197 NS .129 NS .022 NS .067 NS .094 'NS 8.911 

T*D*S ,. .294 * .432 NS .088 * .193 NS .051 * :111 NS 7.203 

T*L·S " .094 * .615 NS .049 MS .035 MS .039 HS $1,068 NS 9.328 
<;;.,. 

D*L*S ,. .077 .. .384 NS .031 NS .056 NS .023 MS .051 MS 11.423 

4 way: 

T·D*L·S " .140 ,.. .587 NS .200 '" .075 NS .081 NS .080 NS 14.747 

a 
P< 0.05 

• - 1 -T-Storage Temperature; D-Day ef'a~plieatlon; L-Level applled;.S-Sampllng tlme . 
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Table \II - ,. S~bjactiv, a ...... eQt of 'th, .torl' colo.trua .. 
Oba.rw.eI on .tara,. day 

trutlluc 7 14 

AppUrll1CI ApPU rll1C 1 
Da)' ot tnal ot 

110. Sun. appa. appu' (pptt) 040111' 't' K ! OGour T K 

l S 0 ..,Ur, , ..... ty 1/6 1'" - l/6 C -.lel,. , ... t)' 1/6 , 

Z S 1. 1,000 pl .... ut 1/6 r '/6 Il .liahtly .cidic 1{6 r 
3 S l 2.000 pl ..... ol: 1/6 , 5/6 t1 .li&À~Y 1c:1d1c: l/6' 

• S 1 3,000 pl"'l&at 1/67 5/6 Il .UahUy &c1d1c: 1/6 , 

5 s 4 1,000 avut, t1i1t:1nct 1/6 r 5/6 '0 avut, 'Pl~ .. ut 1/6 , , S 4 2,000 .v •• C, dl.t1=t 1/6 7 5/6 11 .w •• c:. pl .... &llt: 1/6 , 

7 S 4 3,000 ... uC, duC1Aet. 116 r 5/6 Il nt .. " pl .. lent V6' 

1 Il 0 )'Ult)', _lei,. 1/6 C 2/6'11 3/6 C y ... t'T, ~ldy 1/6 ~ 3'6 li , \1 l 1,OOa ph.nut 1/6 , S/6 li AUahtl:'( acid~ 1/6 C 3/6 W 

10 Il l 2.DDO pl .... ac 1/6 y 5/6 11 "llaht:'l.T Ic!.lie 3/6 C 
U W l 3,OaO phUIDt 1/6 r S/6 '0 Ili&htl7 ac:idic: 3/6 C 

U Il 4 1,000 .cidic 3/6 C 3/6 '11 .11&htl)' .cUit, 1/60 3/SV 
off 

13 \1 4 2,000 caahtlT IC1.cU.c: 3/6 C 3/6 V ,1.1sl\Ur ac:lcl1c: 3/6 ~ 
14 V 4 3,000 .li,hUy add4 3/6 C 3/6 li allJhU,. ac:1d1.c: 2/6 cr ::,7./6 Il 

1.&&l1li4' 

". 

, ~ yallov crlt) lar.~ 

C - curel 

\1 - \lhlJ 

11 - \IACh&D,ad 

T - tap 

K - aidt1l, ~ 

• - bottol! 

• fraC:~Q bat or. che letter parC&1uI ta Ch, 
proporc1oa 01 ch. Iton" contalnu. 

~ 

~-. ". , - ~ ,', 

ze 
Appurl1lcl l' 

1 Odo\lr 'I 

l/6 1: .oltl" l'lait)'. off 1/3 C 

5/6 C l'lunaC, ."ut 1/6 r 
$/6 C dhtu.et, cha ... 1/6 , 
516 C dl.tinet, co •••• 1/6 7 

5/6 C avllt 1/6 r 
5/6 C lIlIa.t- 116 P 

51' C ..., •• t. 1/6 7 

216C y .... aty, w:I1dy, ott 1/6C 

2/6 C .11,hUy acld!c 1/6 C 

3/6\1 aHenUy ac:1è1lc 1/6 C 
3/6 \1 lI\1a t7 1/6C 

1/6 C .11,btl7 acLUe 1/60 

3/6 \1 .li,htly ac:Uic 1/6 C 

V6C di,bUr Icidic 1/6 C 

~ 

-
" 

_ ;..,,!"'" ~.rt..~ .... -l ... .,."'''-~,,- '--.- .iI:;-"" ....... _ 

II 1 

V311 lJl C 

2/6 \1 3/6 C 

1/5 \1 ' _/6 C 

1/6 Il '/4 C 

l/6 Il 3/i C 
'J./61l 3/6 C 

5/6 C 

3/6 li 1/6 C 

l/6 \1 2/6 C. 

2/6 li ,l/6 C 
1/611 3/6 C 

2/6 W 9/6 C 

2/6 \1 3/6 C 

2/6 \1 JI' C 

-, -
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Treatments 

1. 

" Colas trUllI 

2. 

Colostrum and 

1/3 supplement 
3. 

Colostrum and 

2/3 supplement 

4. 

Colostrum fully 

supplemented, 

• _, ,,... ,. ~ ,~." .. ~ ""'- -~ _',.. .,..--- ..... --4_ C '" ... ~ -",- ,., .... -

..-. 

."r o 

tablclV - 1. Level of energy supplementation of fermented colostrum diets 

Colostruml 
calf/day 

;, 

(kg) 

2.5 

2.5 

2.5 

2.5 

Cerelose/ 
calf/clay 

(g) 

58 

116 

174 

, 
Sueelement 

Fat concentrate*/ 
calf/clay 

(g)' , 

67 

134 

.. 
~ 201 

Total 
estimated 
DE intake/ 
calf/clay 

(kJ) 

8,635.8 

9,786.8 

r 

12,426.5 

0'< 

13,-610.6 

Total 
estima~ed 

OP intakel 
calf/day 

Cg)' 

134.3 

118.1 

127.5 

. ' , .~ . 
107.2 -:-t.· 

* Contains 60% fat (of which 2% is lecithin) aoo 07% mllk protein. 
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Estimated 
DE/OP 
ratio: 

(kJ!&> 
64.3 

82~9 

97.5 

127.0 
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-0 
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Item 

pH 

T1tratable 
ac:1c1ity (%) 

i$ 

- Day 

1 

7 

, 14 

21 

7 

14 

21 

~ .. " .. , ........ ~ .......... -"-~ ~-- ...... ~ -~~- ~--..- ",'- - '" .... -

1. 

4~36 

4.22 

4.06 

3.78 

1.09 

1.35 

1.60 

2.13 
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~ 
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;30 .. - • 

Table IV - 2. Colostrum fermentation characteristics 

Treatmentll 

2. 3. 4. SE of meanB 

4.47 4.55 4:55 .08 

4.30 4.14 4.211 .08 

3.91 3.84 3.96 .02 

3.73 3.67 - 3.85 .10 

"-

.96 1.01 .98 .14 

1.52 ' 
./ 

1.14 .16 1.08 

1.81 2.25 1.76 .27 

2.29 2.70 2.03 .23 
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Table IV - 3.-Chemical composition of fermented colostrum prior to supplementation 

Treatments 

Analyses l. 2. 3. 4. 

Day Day Day Day Day ay: Day Day 
l 21 l 21 l 21 1 21 

Total solide (X) 15.7 14.4 14.8 13.5 15.6 r' O 15.1 13.7 

Protein(Nx6.38) (X) 6.8 6.1 5.8 5.7 6.5 5..7 S.S 6.1 

Fa t (%) 4 • ..., 4.6 4.3 4.3 4:'6 4.5 4.4 4.8 

Lactose (X) 3.2 2.~ 3.3 roT 3.1 ,1.8 ---Tor -- 2.1 

Ash (%) .90 .92 .90 .88 .91,' 1 .93 .93· .93 

NPN (X) .37 .82 .42 ·.7~ .48 1.02 .36 -.72 -
Q~ 

" 

" 

"'l''', ... ,r,;;~_ ... 'ti .. ,~ .... )~ ...... ~.~".~~...:..- .... -~- "'.".~-....,..........~.'-\ .. " ... ~~~Gt........-!j",>~ l'' ...... ~.., , ~" ... ~·u~~~w...~~~" .. n ... ~·.,J.M""""'tJ'-- ""'~-
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SE of 
meana 

Day Day 
1 21 

, 
.44 .53 

.38 .41 

..24 .23 

.14 .JO 

.02 .02 ... 

.02 .01 
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Table'V - 4. Average dal1y 1ntake of digestible energy and 4i~estlb1e ~ptein by calvas 

AveraBe,dail~ nutrient intake Eer calf uE ta weaning DE/OP \ 
J 

Estlmated DE CkJ) Estirna,ted. DP (g) 

TnatlIIentll offered consumed offered consumed offei:ed, c.onsumed 
• 

(kJ/g) (kJ/g) 
1 y J!,636 8,021 134 123 64.4 65.2 

2 9,786 9,276 118 ,"- 111 82.9 83.6 

l 12,426 11,155 128 . è JH 97.1 100.5 

4 13,606 12,389 lq7 97 127.2 127.7 

SE 515 707 9,5 10.3 
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Table-lV ~ S. Rate and elf!c!ency ol ga!na bl' calyea 

~id-tt"ial Haintenance* Potent;bl ,\DC*- Actu.l CP/galn 
Ave. 11ve- .Requirementa baaed en avail.ble ADe 
vel&ht of 

Treatlllent calvea DE DP DE DP 

~g) (1cJ) (g) (g)' (g) (.) (g/1000 g) 

':. 
1 47.9 9.410 28.7 ~100.5 592.2 15.9· 9.095· -

2 46.1 ',/ 9,061 . 27.7 15.) 520.4 10).2b l,)~5b ------- . l 46.4" 9,117 27.8 147.8 522.8 174.6c 869~ 
4 48.7 9.577 29.2 203.8 424.2 J21.4d 444d 

SE 2.S \ 15.7 144 

*Maintenance requirémenta uaed vere 196.61cJ (41kcal) of DE and .• 6 g 'of DP pe~ kg' of livevelght. 

_. Pr~uct1on requ1reaent. 13.BkJ (3.3 xc.l) of DE and .1~ a of DP per ara. of gain (Jacobson 1969). 

•• b.c~d Heaba vith1n colamn. vith different letter •. vere algn1Llcantly (P<0.05) different. 
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Table IV - 6. Âpparent dlgestlb!~ltlei CX) of dry matt~. prote1n. fat. lactose eqù1valént* and ash 

Treatment.s 
/ 

Colostru. Digestlbllity 
coe:fftciénu 

Colost.t"um and 
Coloatrum oRly ~ 1/3 supplement 

ColostrulII snd 
2/3 supplement fully suppleaented 

~----- ------ c '--'----

Dry lUtter • o 89.9a &5.1a ,17 83.S· ,b ' 77.717 . 

Prote1n 85.9 78.5 14.8 67.6 

Fat 96.7 84.4 85.3 79.2 
a a a 17 

• SE- o! 
.e81\11 

~ 

Lactose equ1valent 90.8 94.4 91.5 83.4 

Ash 82.1a \ _7S.0a •b 68.lb 67.S'b ~ ------' 

jl.86 

4.59 

5.05 

2.07 

3.72 

a,b Kean. vithin rov. vlth d1fferent letter. vere .1gnlflcantly (P<O.05) dlfferent. 

*,Lacto.e equlvalent. repreaenta t.he dlfference betveen total solida and the .u. o~ protein, fat and aab ln! 

colostrum. It. la a •• umed that. lt lncludes lactose and lactlc acld.' 
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Table IV 
~~ 

Colo,trulR only 

(mg/IOO ml) 

70.8 

-22.95· 

~ \' 

-', 
{)!-
~ 

-' 

", 

-c . 
7.,calf blood parameters at day 21-. 

, Treatments 

"2 3 

Colostruft\ .nd Colos trulli and 
1/3 supplelllent 

\) 
2/3' aupplelllent 

.... (mg/lOO ml) (IIIg/IOO 1111) 

83.7 88.0 

14.57b 10.57<: 

., 

'~ 

~ 
'c Colostrùm 
fully ',upplèmented 

("'-g/100 1111) 

81.7 

7.23<: 

.,. ~ ~ p 
_ah.c Huna vithin rovs vith different latter. vere .ignifiéantly (P<O.OS) different. 
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lABLE 11-1 

-~~-_._-------_.---_ .. ,-.- -_. ,.,~ .~--, _ ... ' .""'" ..... ,""'~------....,-...... --., ........ ""' . .....--

,.-.. 
..• : 

':j:'''' _.~ "-l.' "~",,,,,,,. ,:." '-7r.,...~-'-r ... -w- .. ~·""'· ",""~'''''-'(''''''''''-,''' 

o '. 

SUMMARY OF THE MAIN PERFORMANCE PARAMETERS 
IN TRIALS 1-2, II-l, 11-2 AND 11-31 -

'l'HEII:'I'IiIEFi'I' CONSUMED PEU CONSUMED l'ER nATla OF 
DAY OF calflda~ k~ of sun DE ~kJ2: DP ~g) 

"",." "-",,'" -...,.~,.~,_ ..... ,< -- .. -"'f.".·· ... ~'1 \'I~~~ 

• 

RATIO OF 
DE cons. 

STORAGE TYPE OF ftPPLIC. DIGEST. DIGEST. DIGEST. DIGEST. IN THE IN COMP. STARTER: 
PHASE TRIAL TEMP. FERMEN. OF SORS. AC. ADG PROTEIN ENERGY PROTEIN ENERGY COLOSTR. RATION 

'" (g) (g) (MJ) (g) (MJ) ., 
''!o .. ., 

< 

1 2 S· N·· 325 131 9:8 402 30.0 68.3 74.7 

1 2 S S.l. 398 153 12.0 383 30.1 71.4 78.4 

II 1 B 

.1 
S.l. 199 123 9.4 619 47.0 71.1 76.0 

II ~ S S.l. 4 30il 139 10.1 460 33.4 65.4 72.6 .. 
II 2 W S.t. 190 118 8.4 618 44.2 66.·~ 71.4 

II 2 W S.l., 4 207 132 8.9 636 43.0 61.8' 67.6 

II 3 S S.l. 78 105 8.1 1,347 103.6 72 .. 7, 76.9 

II 3 ~~.t. 1 248 123 9.3 496 37.4 69.·9 75.5 
\1 

II 3 S • S.l. 4 239 124 ,8.7 516 36.5 , 6~.~ /'. 70.7 

" 

1 Roman numeral pertains to the phase of rèsearcb, Arabie num~r to the particular trial. 

• S.;; Sumrner, W -AWinter. 
'<! 

•• N:- Natural, S.l. - Streptococcus lact1.s 

" ~' 

, :~ "\000. ...... 
::::'=' ». 
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COLOSTR. 

1 :1.5 

1:1. 07 

1:2.14 

1 :1.58 

1:2.41 
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1: 1. 72 

1:1.79 
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fiC. III -1. 
'NITIAt: c::::J AND RESIDUAL - C:;ONTENT OF LACTOSE IN COLOSTRUM TREATED WITH VARIOUS LEVE LS OF SOR BIC 

ACID. APPLIED \ DAY 1 OR 4 AND STOREO FOR 28 OAYS IN SUMM"ER OR SIMULATED WINTER CONDITIONS 
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,.: 

:1 

DAY OF APPLICATION' 
LEVE! Of soule ACID ArrliED • 
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l'tH or SOUle ACIO mllED· 
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INITIAL" ~AND RESIDUAL - CONTENT OF PROTEIN IN COLOSTRUM TREATED WITH VAR/OUS LEVELS OF SORBle 

ACID. APPLIED AT DAY 1 OR Il AND STO~ED FOR 28 OA'r'S IN SUMMER OR SIMULATED WINTER CONDITIONS 
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INITIALï==JAND RESIOUAL _ CONTEN'f OF FAT IN COLOSTRUM TREAT! 0 WITH VARIOUS LEVELS OF SOR BIC 

ACID, APPLIED AT DAY 1 OR 4 AND STOREO FOR 28 OAYS IN SUMMER OR \SIMULATEO WINTER CONDITIONS 
1 J 
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PHYSICAL APPEARAI\JCE OF FECES 

WEEK 1 • WEEK 2 
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111111 

n ()I 
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2 3 4 '2 3 4 

\ 1 TREATMENT 

LECiENO: Fluldit;y of Feces (Coding by Larson' el al. 1977) 

.. r;-

o Normal (Code 1 ) 

1" 1111 
Soft (Code 2) 

_Il .... ,_ ..... _.. .~ 

\ 

WEEK 3 

:z 3 

, '," ,,::' . Runny (Code 3) 
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APPENDIX l 

(a) 

Ch) 

(c) 

(d) 

, 

PRACTICÀL IMPLICATIONS 

, " 

Step by step procedure (Appendix 2) for farmers'was prepared 

and distributed at the oç~àsion Qf Eastern Ontario Dairy Day • 

Approxim~tely 350 calves were raised at Kemptville College 

of l,1gricul t'ural Technology on sarious ferme,nted colos"t rUll} 

programs, of whi,ch only one was lost prior to weaning. Low 
, . 

incidence 'of digesti:ve disorders, characterizing the fermented 

c?lostrum feed~ng system, deScribed in, Appendix 2: seems to 

be an additional feature of the system. 

lt ts ~stimated that approximately 60 farmers in -Ontario are 
1 

appl)ling the pro gram . in i ts ent.irety (inoculation 'wi th S" ~1 
\fI 

lactis and a~plication of, sarbic aci~>. 
~ 

lt appears to be an ideal system for raising Holstein male 

.. 

,calves, destined for a ~eavy calf production or feedlot stockers . 

Daily intake of nutrients from colostrum was calculated so 

that it meets approximately the ma~ntenance requirements of 

newborn calves. As the daily allotment is fed once a ~ay. the 

'abomasum remains devoid 'of colostrum for approximately 16 

hours p~r day. AlI this results in early intake of calf 

starter. The reticule-r"umen is functioning ea~ (2-3 weeks), 

and the calves are known for hi~hly efficient conversion of 

inexpensive solid diet into gains. -
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.liPPENDI X 2 ---_. -~----~ 

F'ERMENTED COLOSTRUM FEEDING - STEP BY STEP PROCEDURE 
>' 

Immedi atel y after -birth, the calf 1 s navel should be di si n fected 

with iOdine or an organic disinfectant such as Hibitane. The 

~ ,~alf should be given a 2cc (ml) injection of vitamin A, 'D, 

, ~reparatioD and 1 ml of selenium and vitamin E combination as 

and E 

p:rotectiqn' against Whi te Muscle Di sease. 

-_As saon as possible, preferably within 2 hours after birth, make . " 
sure that the calf sucks it~ mother ~o get a good feedin~ ~f the 

"first colostrum. 

. . 
FolloV{ing is the fe,eding schedule up to weaning: 

• 

- Fresh Streptococcus Laçtis Mixed 18% 
.A ]?ay Colostrum Fermented Colostrum Hay Startel;' 

A. M., P.M. A.M. P.M. . 
lst sucking 4 lb -> 

" 
., , 

2W- 4 lb 4 lb 
1 

" 3rd 4 lp 4 lb • - -1 

4t·h 4 lb 4" lb -
" ~ 

5th 5 lb ,5 lb f1:'ee frêev* 
'" choice choice .,. 

" 
, 

- , • 
6"/;:h 

up ~to -25tp. " 
5 lb 

* To encourage the ~ntake of starter, offer it occasionally 
by hand for .lj,rst few days. } 

a '116 '1 b - Obtain gallon plastic pail, with a lid, and make sure ît 1s 

thoroughly cleaned and disinfected. . 

- During the first four to five days o~ the calfls life, the Sur­

plus colostrum from the calf 1 s mother-- should be collected and 
• fi ~ 

stored in .the plastic P~il. About 110 to 120 ,lbs will be rieeded> 

for successful calf weaning. Most cows will pr6duce upwards of 

150 lbs of unmarketable but extremely nutritious milk after 

calving. 
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- ,To ~nsure tbe correct fe~mentatjon, lead~ng ,to more pal,at<ible', 

unif()rm and ',well preserved product, add one cupful of Strept~coccus 

lactis cultured buttermilk to ,th~ fi1'st surplus colostrum. This 

1s ordinary butterml1k which cfj.n be' purchased at any dairy or 
, . 

dairy bar. Keep the co10sttum at 25 - 320 C for first 4 days a~d 
at 100e o~ 10wer thereafterJ 

, 0 \ 

\ 
To keep the surface ma1d growth under control and iflcrease 'the 

" 

daily gains of calves, adQ 0.1% of potas~ium ,sorbate to the 

volume of colost~um and mix it thorougbly.o For 120 1bi of calo-
\ ' , 

strum you ShOlhd add approximately 55 ~ g or. 2 ounces of potassi'um 
b 1 "" ~ , -2> ... 0 (, 

sorbate. (For,details, contact 'K~mptville College of Agricultural 

Technology, Animal SClencé Section). 
,'\ 

1 
, 1 

1 ... 

It 1s best to have separate"containers :fbr the colostrum fol' e~ch 
- , 

cow~ Normally, this would be· for the first 6" - 8,milkings. lt 

15 not essential that calves be,restricted to their own mother's 

colostrum. 

From day 5 to day 25, ferm'Emted colostrum 15 the àn)y "milk" 

fed. Whi~e once Da day feeding has given satisfactory results, 

'twice a day feeding may be'more acceptable,· Feed 3 lbs'of 
" Le 

fetmented co lostrum' tw1 ce a' day. Add 2 lbs of hot water as i t 

is necessary to warm 1t to body temperature. On the once a day 

feedtng do not dilute the Cb,lostrum with water, but dip the pail 

into another container with hot water. The capacity of a cal~'s 

abomasum at an early age is.ibout 5 lbs. 

"-

At each fee1:hng time. the ~ontents of the plastic container 

should be thoroughly mixed 50 that the quantity fed will be of 

uniform content. 

'-~ 

When the calf reaches 25 days of age, it should be consuming 

sufficient calf starter (500 g/head/~ay), hay and wate~ that' 

it may be weaned. This 

~he supply of fermented 

may or may not be in accordance 

colostrum avail~~~ 
~'~i~t:'l~ 

~'i;)' 

with 

High quality palatable calf "starter and good hay should be 
\ 
Offered to calves at about 5 days of age. Shortly after colo-

, ii1 
o , 

~ -"''i'""---;:- ~--~._~.-~~ --..."---,,,--------. ----... --" -, ... '_vfo~~--
-~ ~ ~I 1 

~'.. ~~?t!1 

• J 
'! 
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.'~ 

strum feeding, when the _calf is ~'till -'looking fb~ aàdi tional 

feed, .it should be offered a handful of starter so that it will 

get~ acquai'nted with 'soUd food as soan as possible. Starter 

which was found very 'attractive ta calves on fermented colostrum 

bas the fol10wing composition: 

. Ingretlient 

Shelledçéor!l (ground through t,II ,s~reen), 
Barley (rol1~d) 

Wheat Bran 

"Soybean Oi,l Meal 

, Molasses 

Limestone 

"\ ~;~:1n ADE 

" 

t 

Lbs 

520 

500 

300 

600 

20'0 

40 

10 

2 T 2i 

, \t.' 
The general texture of the mixture should be coarse rather than 

,fine. 

1 

l 
~ 

- Calf pails used for colostrum and starter, sbou1d be 'àleaned out ') 
j 

daily so-as not to become must y with,old fèed. 

"\-

, , 
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APPENXIX 3 

fiC. '" -4. TEMPERATURE VARIATIONS DURING SVMMER SlORÂGE 
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APPENDIX 3 

FIC. 111- a ' 
EFFECT OF TlME OF STORAGE ~,D LEVEL OF APPLICATION OF SORBle ACID ON pH CHANOE 
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APPENDIX 3 

11. IfI-6. 
EFFECT OF. TlME OF STORAGE AND LEVEL OF APPLICATION OF SOR BIC ACID ON pH CHANGES 

pH 

pH 

7, \ 
,- \, WINTER (Day 1) 

._.-•• :5000ppm. 
~. ___ • 2000ppm. 

6 

5 

4 

-r 

7 

6 

s 

4 

3 

"~. \~....". ! ........... 1000ppm. 

~ •••• ,~: -- CONTROL 

1 2 

i 
2 

;.,.,.. 161_# ""r.,.... ~ 

'6#.~.. -...._~"'---- .... . .... 

4 

*'1 --.-·~tI'I'\:""--""--"''''T.::r''''''''''''''''''~...r:-_--
, ... ,.,. ... ,... .-.-._ .......... ..................... 

7 14 
Cays of fermentation 

••••• •••••• Il. 1.1 •••••••• , •• , ••• Il ••••• " .,,, """ , 

\ 

21 

WIN TER (Oay4) 

• 4 14 
Days of fermentation 

, 
21 

1 

28 

vii 

'1 

,1 

) 



G 

, f 
t 
\ 

1 

","1 
<" 
~ .. '. 1 

,\~, 
.,.~- t 
,~' 

o 

\ APPENXIX 3 

"' III -7. 
EFFECT OF DAY AND LEVEt OF APPLICATION OUCl,RBIC Aero ON TITRATABÙ ACIOITY 

(expressed as 1. lactie acld) 
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APPENDIX 3 

fiC Ill-S. 

EFFECT OF DAY AND LEVEL OF APPLICATION OF SORBIC AelO ON TlTAÀTABt~AC'DIT 
(el(pressed as ./. lac He acid) 
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APPENDIX 3 

IIi lft- 9. 
EFFECT OF DAY AND LEVEl OF APPLICATION OF SQRBle ACID ON THE NUMBER 

, , 

/ 

E 
"-
ci z 

\ 
" 10'\ 

\ 

Ir! 

OF YEASTS AND MOLDS 

SUMMEA CDay 1) 

4 

Days of fermenta lion 

x 

.---~~-:-~r-- -
-~ ,," 

._. _. 3000ppm 

- - - - 2000ppm 
......... ,100Dppm 

--CONTROL 

.-._._.- ...... 
21 28 

--:>-

, . 

." 1"; 
''1j 
',.; 
.' 

/~~ 

.; 
'i, .. 

l 



" 

1 

() . \ 

,,1 
, .! 

o 

APPENDIX 3 

RI: 111-10 
EfFECTS OF DAY AND LEVEL OF APPLICATION OF SOR BIC ACIO ON THE NUMBER 
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fIJ . .11I-11. 
. EFFECT OF DAY AND lEVEl OF APPLICATION OF SOR Ble ACID ON THE NUMBER 
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APP,ENDlx 3 

f1~ ,'rt-12.. f e, 
EFFECT OF. DAY AND lEVEL OF APPLICATION OF SORBle ACID ON THE NUMBER 
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