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LUMIR A. DREVJANY

THE FEEDING OF FERMENTED COLOSTRUM TO NEONATAL CALVES

The possibility 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.
/
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t .
The inoculation of colostrum with S. lactis culture ensured
a highly palatable and more uniform product. Calves fed the

inoculated product gained in welght qulcker and consumed

more Starter than those fed naturally fermented colostrum

‘The addition of sorbic acid to S. lactis inoculated colo-
Sstrum controlled the mold contamination, particularly
during hot summer weather. This lowered the degradation

F‘N i
of lactose and protein and extended the -storage life. The

™Sapplication of 1,000 ppm of sorbic acid during the first

4 days of storage is, therefore, recommended.

An undesirably narrow ratio of Digestible Energy/Digestible
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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& . . DISTRIBUTION DE COLOSTRUM FERMENTE

.A DES VEAUX EN PERIODE POST-NATALE

v ) La’ possibilité d'améliorer la valeur nutritive du colo-

—-Q-
. strum fermenté pour des veaux en période post-natale a

'\ été& étudiée. Dans ce _but, 2 experlences en laborat01res

et 5 essais portant sur 164 veaux Holsteln ont &té effec—

tués.

2

@

L'ensemencement du colostrum avec une culture de S. lactis

a donné un produit plus homog&ne et ayant une excellente

appétence. Les. veaux ayant regu du colostrum ensemencé

2P

ont éu une meilleure croissance et ont consommé& plus

o

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

’

strum fermenté naturellement.

-

L'addition d'acide sorbique au colostrum ensemencé avec
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3
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‘ du 5. lactis a permis de contrSler la contamination pouf
les moisissures, surtout pendant les chaleurs de 1'été.
Cette opération a aussi réduit la dégradation du lactose
et des protéines et a prolongé& la durée de conservation.
De ce fait, il est recommandé d'ajouter 100 ppm d'acide
sorbique durant les 4 premiers jours.
L utlllsatlon d'une source d'é&nergie supplémentaire a

permis d accroitre le rapport Energie nette/Proté&ines

R

digestibles, gui, 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

The first demonstration, as far as the author is
aware, that bovine colostrum and transitional milk L
are energy deficient when fed as the only dietary

component to neonatal calves.

The first study, as far as the author _is aware, which
employs inoculation with homofermentative S. Zactis

in addition to mold and yeast inhibition by sorbic acid
to increase the residual glucogenic energy pool .in
fermented colostrum, and direct energy supplementation
to widen the DE:DP ratic in fefmented colostrum to

level required by neonatal calves.

The first report, as far as the author 1is aware, to
assess the effect of sorbic acid application on

residual content of nutrients, control of molds and
yeasts and visual characteristics and odour of fermented
colostrum. Similarly the effects of dose, time of

application of sorbic acid and storage temperature on

~nutritional value of fermented colostrum during storage

were determined.

The data obtained are the first, as far as the author
is aware, to indicate that improved gains of calves,
consuming colostrum treated with sorbic acid, do not
reflect "growth promoting properties" of sorbic acid,
but éan be explained by increased residual level of
lactose and protein in sorbic acid treated colostrum.
Thérfirst demonstration, as far as the author is/
aware, that supplementatiqg of fermented colostrumq
with suitable energy source, particularly during the
first 3 weeks of the calf's life, when colostrum is
the main source of nutrients, will result in higher

gains and improved feed conversion. While the digesti-
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bility of nutrientsiin energy ;upplemented diets
,was)somewhat depressed, the metabolism of_protein

and consequently itsfconversion\into gain was improved
with each increment of DE and widening of DE to DP

g
6. .The. first study, as far as the author is aware, con-
‘ fi}ming tQat éherenérgy requirements of neonatal calves
. ‘ on férmented colostrum diets are in agreement with

values' established by other authors for neonatal

calves raised on different milk-product based diets.
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HAPTER 1

GENERAL INTRODUCTION

The average dairy cow produces colostrum1 and tranéitiona}
milk2 in excess of the requirements .of the newbofn calf,
Usually, during the first 8 to,l0 milkings postpartum, 50
to 60 kg of this surplus product is accumulated, averaging
between 15-16% total éolidé. . Freezing of colostrum, pro-

‘ duced over the first two milkings, appears to be Justified

FA )
when preservation of its immunoglobulin content 1s required.

However, when the total quantity of surplus colostrum is
‘to be stored for future use in calf raising, a less expen-
sive method of preservation'should be used. Swanack (1971)
stored(colosﬁrum at ambient temperature and fed it to

calves as a fermented broduct. Natural fermentation, though

convenient and inexpensive, leads, particularly during

hot summer weather and/or prolonged storage, to a lack of
unifprmity and_palatability of the. product. Refusals by

calves.of naturally fermented colostrum during warm ambient:

 temperatures have been feported by Kaiser (1976), Muller

et-al (1976), and Rindsig (1976).
fed,natural}y fermented colostrum required substantial

encouragement for one or two f%ediﬁgé (Otterby et al, 1976).
Rindsig and Bodoh

Initially, some calves.

(1977) observed that varying amounts of
colostrum were refused by approximately one-half of a

group of cal&es fed naturally fermented colostrum, and byx
two-third§ of a group of calves fed colostrum treated with
Most refusals of the propionic acid'
treated colostrum occurred during the fifst 7 - 10 days.
Similarly, refusals were greater by calves fed an acetic
acid treated colostrum, than by calves fed naturally fer-
mented colostrum or milk (Polzin et al, 1977).

1Milk secreted fof a few days after parturition and charac-

terized by high protein and immune body content.

2Transitiona1 milk is the term chosen to characterize
that collected during the first 4 days after calving.,

i
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v ﬁuring natural fermentation, microorganisms,which are
often referred to as heterofermenfative,degrade the’
nutrients in colostrum to a variety of products of ques-
tionable nutritive value, and their preseﬁce may result
in production of toxins (Pelczar et al, 1977). ‘Some of
such products are lipogenié‘by nature (ethylalcohol, -ketones,
acetic and butyfic acids) and do not contribute to meeting
the requirements of newborn calves for glucose. These pré*
ducts often do not dissociate at all or as is the case of
volatile fatty acids (VFA), they dissodiate very little
(pK 4.8). As pK is logarithmically expressed, the drop of
pH by one unit (from pH 5 to pH 4) will result in a 10
fold drop in dissociation of acetic acid, the major VFA

in naturally fermented colostrum. ’ .

~
L)

This means that in -order to reach an optimal pH for préserl
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‘iactose 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 with S. lactis
should gquickly lower and then maintain the pH within 4 -
4.5. In such an environment, the contamination of colo-
strum by acid sensitive microbes will be lowered. Acid
resistant molds and yeasts, however, will flourish. Methods
to control fungal contamination, leading to an increased
residual level of nutrients as well as higher palatability

: |
of colostrum, appear to be needed.
s

Sorbic 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 unacceptable .
residues, does not impair the palatability of colostrum.
or interfere with the vital reactions of microbes impor-

tant for lactic acid producing fermentation. 1In the

9

1



fermentation of gglostrum, the selectivity of the inhibi-

tory effect of sorbic acid would be of high value.:- Lmard

‘and Vaughn (1951) found that catalase-negative bacteria

(8. lactis, S. thermophilus, L. bulgaricus, etc.) grew
without noticeable inhibition by sorbic acid.

. - )
Increased participation of homofermentative microbes .
(8. lactis) and application of sorbic acid should lead to
a higher level of residual nutrients as well as increased
production of lactic acid in fermented colostrum.

B 4

Lactic acid can be converted to glucose by gluconeogenesis

and as’such, is available to the calf as a source of-energy

and to spare other glucogenic substrates, 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 with hypertonic

§

glucose and protein hydrolysates and observed that adequate

energy permitted hydrolysates to be used for protein

synthesis instead-of glucogenesis.

Such a possibility does not exist however, when dietary
fat is used as a soﬁrce of supplementary energy. When fat
was increased from 10 g to 300 g of dietary dry matfer,
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 ideal feed for the neonatal calf. Closer
scrutiny will reveal, however, that due to a relatively
high protein content and low energy value, its ratio of
digestible energy (DE, RJ) 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 5J (25 kcal) DE/g of
digestisle protein is growth limiting in neonatal calves.

_ . .

}
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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 miik protein. In fermented colo§trum, this
ratio is between 63 and 84 kJ DE/g of DP.

Increasing the energy density of calf starter by adding
steamed corn (15.6 kJ/g of starter) and reducing 1ts pro-
tein content from the existing 18% to 10%, (DE/DP ratio
;f 158.9) did not bring about the necessary improvement
(Drevjany, unpublished data). The intake of calf starter
entering the non-functional reticulo-rumen is low and so
is the digestibility qf its components, particularly starch.
In the absence of a significant number of starch digesting
rumen microbes, the utilization of starch depends mainly

on the presence and activity of pancreatic and intestinal
enzymes produced by the neonatal calf. A study by Radostits
and Bell (1968) of the digestibility of oat flour added to
skim milk powder in dieés for neonatal calves showed

that the apparent digestibility of the energy in oat flour
was zero at 6 days of age. Since the ocat meal starch was
apparently transported directly into the abomasum, the
study demonstrated the absence of amylolytic activity of
neonatal calf during. the first week of 1ts life, as well
as absence of starch digesting 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 thag\polysaccharides like starch, and disacc;
harides like maifose are not well utilized until calves
are about one month of age. Gelatinization of starch
{Schoch and Elder, 1955) and/or addition of amylolytic
enzymes (Morrill et al, 1970) may somewhat improve the
digestibility of starch by th; 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 questionable.
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Incorporating components, which are highly digestible by

the neoﬁétal calf, 'into fermented colostrum, so that the
mixture will be transported directly .into the abomasum,

appears to offer a practical alternative to change the
DE/DP ratio.




S -- - RESEARCH .OBJECTIVE __

e

The ;study had two aims. The first was to develop a -

method of preserving the nutritive value of surplus colo-

strum. The second~wa§»to use this colostrum effectively

in the diet of neonatal calves. Specifié aims were:

- to improve the uniformity, palatability and storage life
of fermented colostrum, particularly during hot summer

weather.

- to lower the nutrient losses during fermentation and
thus increase the content of nutrients subsequently

available to the neonatal calf. °

>

- to control the contamination of fermented colostrum by
acid resistant molds and yeasts and establish conditions

under which such control would be maximized.

- to widen the Digestible Energy: Digestible Protein .
ratio in fermented colostrum so that the requirements
of the neonatal calf are appropriatefy satisfied and

calf's performance improved.

B N
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CHAPTER 2

N

PHASE 1 - THE EFFECT OF INOCULATION OF COLOSTRUM
ON ITS STORAGE CHARACTERISTICS
’ AND ON CALF PERFORMANCE%;

~ . ‘% ,

'

A. INTRODUCTION

@

Fermented bovine colostrum is an, ideal feed for young
calves, but some of.its unattractaive properties have often
deterred farmers from making greater use of 1t. During hot
’ summer weather, naturally fermented colostrum becomes con-
" taminated with undesirable mlcroorganlsmé (Muller and
Smallcomb 1977; Rindsig et al. 1977), nutrient degradation
1s excessive (Carlson and Muller 1977; Otterby et al. 1977{
Polzin et al. 1977, Rindsaig and Bodoh 1977, Rindsig et al.
1977), storage 1life 1s shortened (Muller and Syhre 1975), ’

R e DRSS T

'

and acceptability by calves 1s lowered (Muller et al. 1976;
Rindsig and Bodoh 1977). «Colostrum that ferments sponta-

R T D SRR R

neously provides the same opportunity to all mlicroorganisms

in that environment where the colostrum was produced,

i _E’ C manipulated and eventually stored, to participate in the

iJ/ fermentation process (Pelczar ?t al. 1977). Th%/type of
microbes participating in .the fermentation and the final

products to which lactose and other fermentable compounds

are converfed have a substantial effect on the nutrients

4

available to the calf (Pelczar et al. 1977) as well 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 would be mas-
sive inoculation of colostrum cultures of homofermentative
R microbes. Such microbes, in the environment prevailing in
colostrum, are capable of converting lactose with nearly
100% efficiency to lactic acid (Collins 1977; Keen 1972;

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

e TR A R AR ST T R YT ST

-

The contents of this Chapter have been published:

e

Drevjany, L.A., Irvine, O.R. and Hooper, G.S. 1980. The
feeding of fermented colostrum to neonatal calves. 1.
The effect of inoculation of colostrum on its storage

characteristics and on calf performance. Can. J. Anim.
Sci. 60: 885-897.
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will simultaneously lower the partlcipationqof hetero-

fermentative microbes producing variable proportions of

,iactic acid, volatile fatty acids, ethanol, higher alcohols,

ketones, gases and other substances with questionable nut-
ritive value (Pelczar et al. 1977; Pette 1964),

Limited attempts to inoculate fresh colostrum with homo-
fermentative miérobes have not shown consistent positive
effects (Muller and Syhre 1975; Otterby et al. 1977).
However, Najman and Hlddik (1962) reported a significant
increase 1n average daily gain (P<0.05) by calves fed i
w1fh 2% fermented milk, using S. lactis cultured butter-

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

The purpose of this study was to detérmine 1f inoculation
of colostrum with a specific homofermentative culture would
lead to a more uniform, palatable and nutritious product
with an acceptable étorage life, particularly during hot

summer weather. This study consisted of a laboratory trial

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

strum (trial 2).

MATERIALS AND METHODS

(a) Trial 1l ) \

Colostrum and transitional milk (tranéitional milk
is the term chosen to characterize that collected
during the first 4 dayé after calvinZ) from one cow
were thoroughly mixed and equally divided into five
samples so that after eight milkings, 10.8 L wére
accumulated per sample. One hundred and fifty mL

of a "specific lactic acid producing culture"
(commercial lactic acid cultures for samples A, B v
and C were supplied by Horan-lLalley Company, Rexdale,
Ontario) were added on the first collection day to
samples A, B and C, while sample D was fermented
naturally and E kept at 4°C (Table 1). *

*(See page 10).
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(b)

Storage temperatures during the first 4 days were
adjusted to 23°C for samples A and D and 33°C. for
samples B and C. From 4 days up to the end of ex-
periment at 28 days, all fermented samples (A-D)
were kept at room temperature (ZOOC). To imitate
farm conditions, each sample was thoroughly mixed
twice daily. Samples were covered loosely with
cheese cloth.

Titratable acidity and pH were analyzed six times
per sample during the experiment. The pH values
were obtained'by a Fisher pH meter with glass elect-
rode. The total titratable acid content was deter-
mined by titrating 9 mL of undiluted 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 expé}iment (day 28). Fat was deter-
mined on a Mark II Foss Milko Tester and protein on

a Foss Pro-Milk Tester, calibrated against semimicro-
Kjeldahl analysis. Lactose was analyzed as reducing
sugars using Association of Analytical Chemists
(1970) polarimetric method '16-049.

Trial 2

Thirty-two Holstein bull calves were purchased from
Kemptville area farms. Within 12 h after birth, the
farm was visited by a member of our technical 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 Roman
numeral refers to the phase of research, the -
Arabic number to the table or figure number
appearing in the text.
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fresh colostrum. Each calf received, intramuscularly,
1.8 cc of vitamin ADE solution (Poten ADE, Rogar STB,’®
London, Ont.) and 1.2 cc of selenium and vitamin 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 completely fandomized design with foﬁr
treatments, surplus colostrum from the first milking
was  randomly inoculated at the farm with %00 mL of

the respective microbial culture as in treatments A,

B and C in trial 1 (Table 1). Treatment D was allowed
to ferment naturally and served aé the control.
Addational colostrum from the same source was added

for the next seven milkings.
4

[}
£

Farmers were encouraged to store the colostrum at
temperatures considered desirable (20—25°C for treat-
ments A and D, 33-37°C for treatments B and C). -

At the end of day 4, the calves and colostrum were

transported to the research facilities. The calves

a

were housed 1in individual pens with wooden slatted
floors in a forced-alir ventilated room. Colostrum )
was stored in plastic contaiders with tight fitting -4

1ids at room temperature (22.5 % 2.6°C).

On arrival, each calf was checked for body temperature o
and signs of diarrhea and injected with 5 cc of peni-

cillin. On the first day, all 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 simuthneousyfree

choice offerings of water and calf starter containing

20% crude protein. Each calf was fed with cglostrum o
produced by its dam. The consistency of feces and

rectal temperature were recorded twice daily. Un-

o
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consumed colosﬁrum was récdrded daily; starter
weighbacks andgﬁody weight were recorded weekiy.
Calves were weaned abruptly from colostrum at 25 days

of age. ’

At day 4 represe;tativé'samples of colostrum were
analyzed for total solids, proéein, fat, pH and
titratable acidity, using the same methods as in
trial 1.

mined by vacuum oven drying at 100°C.

Total solids.in the colostrum were deter- -
Colostrum was. *

.analyzed for pH anfl titratable acidity at regular !

weekly intervals throughout thefexperiment. .

Analyses of varianéé were'accofding to.methods des-
cribgd by Steel and Torrie (1960) for randomized
design. '

T o et *
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RESULTS AND DISCUSSION .

e kTS s e pm o

(a)

L1

Total Titratable Acidity and pH

4 ‘
The effect of inoculation with va&ious homofermen— .

Ry

tative lactic cultures on pH and titratable acidity
development, during the storage period in trials 1
and 2, 1 and 2. The pH

changes (é%lid line) and the variation among samples ' w,

is presented in Figs.

(striped area) for all treatments in the course’of
colostrum storage in trial 2 are compared with the
curve from trial 1 (broken line) superimposed in the

Same figﬂre. ' .

Lactic acid production and lowered pH aid in ex-

tending the storage life of fermented colostrum as
well as preserving nutritive value and palatability =~ Ce
(Swanneck 1971). ' °

£

Thompson and Marth (1974) demonstrated that when -

Jthe PH of naturally fermented colostrum dropped

v
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- below 4,5, the reproduction of coliform bacteria,
feéél Streptocoeei and gram-negativé bacteria was
inhibited to the point that their count started to

" decrease until the end of the storage period. This
indicates that a sudden drop in pH below 4.5 will

. effectively suppress the reproduction of acid-
sensitive contaminants in fermented colostrum. Acid-
resistant lactic acid producing bacteria, yeasts and
molds were unaffected. However, a further decrease
in pH, particularlg@@e}ow the value of 4, may have,
as noticed in trial 2, a negative effect on colostrum
palatability. This is more 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 maintained is between 4 and 4.5.

In trial 1, the pH values of inoculated samples

(A, B and C) had already dropped into the desired
range below 4.5'at the start of the storage period
(day 4) (Fig. 1). It should be noted that colostrum
inoculated with S. lactis maintained pH withim the

~—0Optimal zone throughout storage and at the same time

had the lowest variation in pH in the second half of
the storage period. This positive effect of inocu-
lation with S. lactis on uniformity of colostrum was

. also noticeable on visual appraisal of the sample

(curd formation, separation of casein and whkey
fractions).

Colostrum fermented natura11y3 however, had a pH
above 4.5 until after the 9th day, thus permitting
the acid-sensitive microbes to compete for nutrients
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 by day 4 and remained there during the
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entire storage period. Sforage life of §amples

B and- C was excellent, permittihg an additional 3

mo. of storage. ‘Both samples maintained their

strong acidic odor and were free of surfgce mold con-
tamination,h However, colonies of molds were observed .
on the surface of samples A and D after approximately
10 days of storage. The pH curve of naturally fer-
mented colostrum (D) was similar to those published
by Otterby et al. (1977), Muller and Syhre (1975)

“and Rindsig et al. (1977). Variations may be partly

explained by differences in initial contamination
(Thompson and Marth 1974) as well as stora con-
ditions, especially temperature (Muller and Syhre
1975). .

The effect of® temperature on pH changes was demonst-
rated by Muller and Syhre (1975).—When colostrum
inoculated with thermophilic L. ~bulgaricus and N
S. thermop@ilus was kept at 210C,'the PH curve was '
practiéally a replica of the untreated control sample,
thus confirming that below 22°C, thermophilie lacto-
bacilli do not grow well (Pette 1964). Morrill et
al.(t1974) cultured colostrum for 24 h with L. aci;
dophilus and other lactobacilli species at 37°C

and then kept it refrigerated until feeding. Optimal
temperatures of 37°C should be provided for 5. ther-
mophilus, L. bulgaricus and L. aeidophilus until

the end of the collection period, usually the first %
3'to 4 days (Pelczar et al. 1977). After that time,’
in agreement with common practices in the dairy
industry, the product should be stored in\gxcool
environment, thereby preventing excessive nutrient
breakdown as well as impairment of palatability.
Samples B and C show a relatively high pH variation

-in trial 2. This variation in pH is attributed to

variation in temperature during the first 4 days of
storage and the resultant éffects on fermentation.

s —————— L e
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‘ ) The“Qitratdble acidity - changes are presented in Fig.
’ SR 2, Vsing the same technique as described for pH pre-
R ' sentation. The titratable acidity values in trials
' Jd and 2 .for treatment D and the second part of the

storage beriod for treatment A were not consistent

~

(Fig. 25. Variation was\small in trial 2 and acidity
- did not exceed 1.15% (Fig. 2) in the course of:25
. days of storage. Yu et al. (1976)‘presented similar
data for naturally fermented colostrum. Conversely,
Otterby €t al. (1977) observed titratable acidity
of over 4% for natufally férmented colostrum and
3.6% foi's. chtis—treated product, both stored the'
same length of fime. The positive effeet of S
lactis inoculation on uniformity of titratable
acidity values up to 15 days of storage was observed
-in both trials (Fig. 2). ‘A higher build-up of tit-
ratable acidity for_treatments{B and C was obtained
in both trials (Fig. 2). ‘ - A

{b) Lactose

Lactose is the only cérbohydfaté present in colostrum
" and, together with glucogenic amino acids, pradtically
;tbe,only fermentable substrate. Due to a relative:
| ' ’surblhs of protein and insufficient energy content
.o 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. It
would be of additional benefit to influence the fer-
mentation so that the product would consist mainly
of glucogenic lactic acid instead of lipogenic acetic
acid, éthanol and other nutritionally inferior pro-
? ducts. According to McCullough (1977), in homo-
‘ fermentation of silage, the recovery of dry matter
‘_ o _W_;_._, would be iOO% and energy reéovery, 99.3%, whereas
- - the dry matter recovery during heterofermentatiQe

t » . B
; .
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fermentation is 76% and energy recovery, 98.3%.
Efficient conversion of lactose to glucogenic lactic

acid together with a high level of residual lactose

, in 8.\ lactis-fermented colostrum would ensure that

substéntial quanfities of glucose would be available
to meet the metabolic demands of the newborn calf.
As can be calculated 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 aiu (1976) reported much higher residual level

of lactose in naturally fermented colostrum after 35
days of storage. )

Protein, Fat and Total Solids

Analyses for protein and fat for trials 1 and 2 are
ﬁshown in Tables 2 and 3 only after 4 days of storage.
'The differences between treatments were not suﬁstan—
tial in trial 1, but in trial 2 (Table 3) the level
of prétein was significantly higher (P« 0.05) for
treatments B and C, compared to A and D. Lactose
level after 4 days, conversely, was significantly
higher (P<<0.05) in treatments A and D. It is
difficult to consider this pattern as a treatment
effect because both the initial level of lactose and
protein in transitional milk and the degree of their -
degradation in the first four days of fermentation
are reflected in the mean value for each treatment.

The same factors are involved in variations of total
solids.

Performance of Calves

Average déily gain and feed consumption for 53 days

on test are presented in Table 4: Due to colostrum
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intake refusal, no final ddta are available for

treatments B and C. .

There was 'a tendency toward better average daily
gains for calves feé withtcolostrum inoculated with
5. lactts (treatment A) up to weaning at 25 days.
This trend was significant (P<0.05) for gains from
0 to 53:days. Muller et, al. (1976), comparing natu-
rally gnd S. Zactis—ferzbnted colostrum for newborn
calves, did not find any differences in average daily
gain. Daily gains in treatmént 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 choice starter was available in both
cases. Wide variations in performance obtained in
numerous trials with fermented colostrum may be ,
related to the quantity of colostrum fed as well 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 when colo-—
strum was fed at 2.73 kg/calf/day and no dry feed

was provided.

Muller et al. (1976) concluded that 1.82 kg of sour
colostrum is inadequate for satisfactory growth and

health when 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
Jjust supplies the maintenance energy requirements
for the newborn calf. Any gain must be supported

by energy from starter féed.

Starter consumption up to weaning was slightly

greater for treatment A than for treatment D (Table
4). To compare the readiness of calves for weaning,
data on starter consumption during the, weeks preceding

— ha



and following weaning are presented. Calves on
‘treatment A consumed 19% more starter (§<:0.05)
before weaning but both A énd D treatment were well
above the 450 g/head/day ggnerally considered for
successful weaning. Quantity of starter consumedywas
approximately doubled during the week after weaning
p and was satisfactory for both treatments. Calves
L ‘ ’ in treatment groups A and D consumed the colostrum
willingly and without weighbacks. The majority, of
calves in groups B aﬁd 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 feeding was used. Near the middle of the
¢ pre-weaning period, some calves in treatments B and
h C refused colostrum completely and all calves on these
treatments were switched to milk replacer. The total
gquantity of refused colostrum by B and C treatments
. -~ amounted to 58.6 and 16.2%, respectively, of that
offered, which forced the premature termination of

these treatments.

« Low quality and palatability of colostrum in treatments
B and C were reflected as well by the incidence of '
watery scours and increased body temperature (Table 5).
Up to the 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 B and C, respectively.

The incidence of watery scours and elevated rectal
temperature were low on treatments A and D, with
no appreciable differences between treatments. No

respiratory disorders were identified.

In summary, it would appear that inoculation of
colostrum with a S. laetis culture may ensure a
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highly palatable and more uniform product, lower .
-degradation of lactose and, when offered to calves,
higher average daily gain and starter intake, compared
to naturally fermented colgstrum. No effect of inocu-
lation with S. lactis on mold and yeast contamination

was observed.

SUMMARY .

Colostrum inoculated with Streptococcus lactis (treatment
A), mixture of Streptococcus thermophilus and Lactobacillus
bulgaricus (-treatment B), Lactobacillus acidophilus
(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 fermentation process
of colostrum and improving its acceptability and nutritive
vélue as the main. feed for calves up to weaning. The fer-
mentation, as indicated by pH and titratable acidity
changes, was most effectively controlleé by an e@;ly inocu-
lation with S. laetis, although it had no effect on mold
and yeast contamination. The use'pf this culture ﬁ}oduced
better (P<0.05) overall daily gains (582.0 and 434.0 g

for treatments A and D, respectively), higher (P<C0.05)
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 trial. In the labora-
tory storage trial, it resulted in highest (P<0.05) levels
of residual lactose in the fermented produce (3.41, 1.61,
1.63 and 3.15% for treatments A, B, C and D, respéctively).
Early development of high acidity (below pH 4) in colo-
strum treated by a mixed culture of L. bulgaricus and

S. thermophilus or by L. acidophilus led to premature
termination of both trial treatments due to total refusal
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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. fermentation should quickly lower and then maintain the
pH within 4-4.5. ‘
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. CHAPTER

’ ’ PHASE II ‘« THE EFFECT OF VARYING THE TIME AND SEASON
OF ARPLICATION OF SORBIC ACID TO FERMENTED
COLOSTRUM ON CALF PERFORMANCEl

A, INTRODUCTION

Fermented coloétrum represénts a‘rich source of nut-
rients which, if\properly‘preserved, can serve as the
oniy source of milk protein until weaning of the dairy
calf. Maintaining tﬁé\quality, uniformity and pala-
tability of colostrum Sften becomes difficult, parti—
cularly duﬁ@ng hot weather. Efforts to control un-
desirable fﬁrmentation havé\included direct acidifi-
cation with&formic, acetic, propionic and lactic acids-’
(Muller et al. 1976; Muller and Syhre 1975; Otterby
and Dutton 1974; Polzin et al. 1975; Rindsig and Bodoh
1977; Rindsig et al. 1977), use of preservatives such
as forma;dehyde; sodium forméte, sorbitol and gluconic
acid lactone (Muller et al. 1976; Muller and Smallcomb
1977; Muller and Syhre 1975; Rindsig and\Bodoh 1977;
Rindsig et al. 1977; Lindahl 1974), and inoculation
with 1actic-acid—producing bacteria (Muller and Syhre
1975; Najman and Hladik 1969; Otterby et al. 1976; )
Drevjany et al. 1975). Propionic acid and formalde-
hyde are grobably the most popular additives, but
neither product controls mold and yeast growth in
colostrum (Rindsig et al. 1977).

Acid-tolerant yeasts and fungi (Pelczar et al. 1977)
contribute substantially to degradation of nutrients
and formation of off-flavors, particularly during
extended summer storage. Methods to control fungal

contamination, leading to an increased residual level

1 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:to fermented colostrum
on calf performance. Can. J. Anim. Sci. 60:899-905.
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of nutrients, as well as higher palatability of
tolostrum, appear to be needed. An ideal fungal
inhibitor should not leave unacceptable residues,
impair the palatability oflcolostrum, or interfere
with the vital reactions of microbes important for

lactic fermentation.

" Besides sodium benzoate and benzoic acid (Muller and

Smallcomb 1977), sorbic acid seems to meet the re-
quirements. Sorbic acid and its potassium or sodiumu
salts are widely used as mold inhibiting agents in
the food industry. According to Luck and Remmert
(1974), the accepted levels vary between 1000 and-‘
3000 ppm in most countries. In relation to fermen-
tation of colostrum, the selectivity of its inhibitory
effect is of high value. It is used in the fermen-
tation of olives and pickles, where contaminating
molds and yeasts are inhibited, but useful lacto-
bacilli are not negatively influenced (Pfizer 1960).
This claim is supported by Emard and Vaughn (1951),
who found that catalase-negative bacteria (S. Zactis,
Streptococcus thermophilus, Lactobacillus bulgaricus,
etc.) grew without noticeable inhibition by sorbic
acid. Conversely, Hamdan et al. (1971) reported
that both growth and acid production of 5. ther-
mophilus and L. bulgaricus were reduced by addition
of sorbic acid at 500-1000 ppm.

The aim of these feeding trials was to measure-calf
response to the application of sorbic acid to fermented

colostrum at different environmental temperatures

‘and two dates of application.

MATERTALS AND METHODS

(a) Trial 1 - Summer

Thirty~six Holstein heifers were purchased at

4 days of age along with colostrum from their

*
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dams. Other than the exceptions mentioned
below, management, feeding, record keeping,
analytical and %tatistical methods were as des-
cribed previousiy (Drevjany et al. 1980). .

The colostrum from the first milking of each

dam was inoculated with 200 c¢ S. lactis culture
(Horan-Lalley Company, Rexdale, Ont.). The
transitional milk from eight milkings was added
to ensure a total collection of 52 kg.

At'4 days of age, calves were transported to
the research facilities ang randomly allotted
to two experimental treatments. For each batch
of colostrum, 1000 ppm of sorbic acid (as X-
sorbate) was applied to half. The rest remained
untreated. Each calf obtained the colostrum
from its dam. All calves were abruptly weaned

after 21 days.

Representative samples (100 mL) of colostrum
were taken from each container at 4 days, pooled
according to treatment groups and analyzed for
initial pH, titratable acidity, total, solids,
protein and fat. Ambient temperatures were

recorded twice daily.

Trial 2 - Winter . -

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

Twenty-four Holstein male calves were purchased
at 4 days of age with their dam's colostrum and

o
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and allotted randomly to three treatments.
Experimental procedures used were similar to
those used in Trial 1.

Colostrum in group 2 was treated with 1000 ppm
of sorbic acid at day 1, while in group 3 the
same quantity was applied at day 4. Group 1
colosFrum remained untreated. '

The daily allotment of colostrum was 2L. All
calves were abruptly weaned at 28 days of age.

RESULTS AND DISCUSSION

(2)

Trials 1 and 2

Average comp051tiog of the colostrum éamples is
presented in Table 1. The content of total
solids and fat were slightly lower than those
published by Yu et al. (1976), but comparable

to results reported by Rindsig and Bodoh (1977).
The discrepancy can be explained by the fact )
that the seventh and eighth milkings were used
on some farms in order to secure the required
521kg of colostrum. The relatively low level

of protein in all 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).

)
Buring Trial 1, the average daily gains (ADG)
(Table 2) were significantly improved (P<£0.05)

by the inclusion of sorbic 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
et al. (1977) on lower (2.07 L) or higher
(2.98 L) Qaily intake of colostrum. Otterby et

al. (1976), feeding the same gquantity of colo-
strum, reported ADG of 225 g. Other authors

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

feeding higher levels of, propionic-acid - or
formaldehyde-treated ¢colostrum and free-choice
starter, reported ADG from 140 to 227 g up to

3 wk of'age.

During the winter period, the ADG were ndét
significantly different between treatmentq
(Table 2) but the growth rate of both groups

‘compared favorably with the control group ADG

in Trial 1. “J

The significant (P<0.05) increase in ADG

during the summer tests, as a result of sorbic \
acid application, is probably related to-.its /
mold inhibiting effect, thus lowering nutrient

It was

degradation in fermented codlostxrum.
established (Drevjany, unpublished) that summer
applicétion of 1000 ppm of sorbic acid equivalent
at day 4 will lower the initial mold and yeast
contamination of 2 x 105 to zero by day 21, and
simultaneously lower the protein degradation by
16.7% and lactose degradation by 6.8%. During
winte}, when the pH of fermented colostrum

was higher, the same applicgfion of sorbic acid
had a minimal effect on the inhibition of fungi

(5 x 10° initially; 7 x 10° at 21 days).

Antimicrobial activity of sorbic acid is-a
function of three main factors: pH of the, media,
initial contamination and dose applied. Pfizer
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(1960) suggested that the effective threshold
of sof’blc acid antimicrobial activity is a pH
of approxmately 6.5. Within pH 4- 5 most

l
|
E

frequently found in fermented colostrum “the
portion of undissociated acid ranges between
37 and 86% (Wallhausser and Luck~+1972).

.Onrly undissociated sorbic acid exerts an _inh‘ibi—
tory effect on microbes and, as such, is pH-
dependent (FAQ-WHO Report- 1967),. According to
Wallhausser and Lick (1972), dissociated sorbic
acid is about 20-40 times less effective against’
Qaécharomyces cerevisiae and about 100 times .
less against Aspergillus niger, both potential
contaminants of fermented colostrum. The ’
acfivity against Escherichia caqi'i, often thq

cause of scours in calves, is lowered. 400 times.

The data i\;&;cate that sorbic acid appliéd at

day 4 at 1000 ppm in the form of .potassium

sorbate to S. Zactis-fermented colostrum, stored
at temperatures.24.5 % 2.5°C, will increase the
ADG. The same application to colostrum stored’
at lower temperatures (10.5 T 1. 2°C) will have
no effect. There were no refusals of colostrum
in any of the trials. '

The increased intake of 20% stawrter sg€ms to
DG. - It was
calculated that approximately 2.5 L of fermented

be a contributory factor to highe

colostrum should supply the ‘energy required té

maintain a-45 kg calf.

) Starter consumptlon up to 28 days was smllar

to (Jenny et al. 1977), or better than that -
reported by others (Polzin et al. 1977; Mullerkl

t .
» . *
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et al. 1976; Otterby 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

when 2.73 kg of colostrum and no starter was fed.
Feeding 2.25 L of colostrum will further increase

the dependency of gain on startef consumptjion.
Increased starter intake of 23.7% uﬁwzaw;;aning
and 22.5% dvring the week preceding weaning con-
tributed not only to higher  ADG, but aided ;n
successfully weaning the calves. The starter
intqke during the winter 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 compensatory effect

for lower milk solids intake (Yu et al. 1976;
Muller et=al. 1975). However, some other .
experimental data show that even if the amounts
of colostrum solids fed were approximately |
equalized to solid intake from milk replacer.
(Otterby et al. 1976) or from whole milk
(Muller et al. 1975), the calf starter intake
was still higher for groups fed colostrum. It
seems that other factors, such as the ratio

of digestible calories to grams of digestible
protein in the liquid part of the diet, héve
an effect. In'éolostrum, such a ratio is 17~
18 kcal DE/g of DCP, while for optimaq utili-
zation of milk protein, a ratio of 31{32 kecal
DE/g of DCP is suggested (Lister and Lodge
1973). Lower protein degradation in sorbic-
acid-treated colostrum maintains the already

unfavorable ratio and may even, due to microbig}
degradation of energy during fermentation,

parrow it further., It appears thdt it is the
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need for additional energy, required for\
optimal utilization of availablé protein,
which the calf attempts to balance by increa-

sing its intake of starter. e 5

«”3 .
No "death losses occurred in either trial. The

incidence of watery scours was higher in the
control groups during both trlals although the
average number ~of scour days was below 0:6 pér
1f, well below the values reported py Jenny
et al. (1977) or Rindsig and Bodoh (1977).
Incidence of increased body temperature requiring
treatment was high in both groups during the
summey trial 1, mainly due to respiratory prob-
lems (Table 3). ‘

Trial 3 - - . oo-

!
The average content of, total}sollds proteln

and fat in co{g:tr » the pH and tltratable
a01d1ty are in

Alfhough:the conténtgof»total salids was highest
in the dontrol group, a more rapid decline could
bé expected in this group during the storage
(Carlson and Muller 1977). A relatively higher
PH value at the beginning of the trial, compared
to previous summer trials, is partiy due to the
dilution of colostrum with milk. This was
necessary in order to bring the initial quantlty
of colostrum for each calf to 52 kg.

Palatability of colostrum was good, with no
refusals throughout the trial. ADG, and starter
consumption up to weaning at'28 days and during

the pre-weaning week are in Table 4. When sorbic }}

- acid was applied‘at day 1, ADG were signifi-
- cantly increased  (P<0.05) over control. Day 4

I
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app%icatioﬁ, characterized by higher acidity
and higher initial contamination of colostrum,

" showed a strong, but statistically nonsignificant

(P>0.05), tendency in the same direction. The
mode of the antifungal action of sorbic acid
describéd 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 activity. The authors noted that

;the first step 1n normal metabolism of satutated

fatty acids is dehydrogenatlon to yield the/3
un8aturated fatty acid. Adding the. sorbic

acid effectively constitutes an excess of the
end-product of an essential enzymatic process,
dehydrogenation. Feed-back inhibition of hydro-
genase enzymes, which are ‘basic in cell meta-
bolism, is believed-responsible fqg the fungi~

) statrc activity of sorbic acid (Smith and

Rollln 1954; Melnich et al. 1953b). ’
Low concentration of sorpié acid or -high con-
taminétion of molds leads to degradatiqnnof
sorbic acid (Lﬁck et al. 1972), to crotonic
acid via f3-oxidation (Melnich et al. 1953b),
or to COZ’
niger is involved (Kurogochi et al. 1974).

H20 and methyl ketones, when A.

For this reason, sorbic acid cannot be used to
inhibit mold growth when the initial concen-
tration of molds is already high (Lick 1973).

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

- reported by others (Polzin et al. 1977; Muller-
. et al. 1976; Otterby et al. 1976): The starter

consumption.during the week preceding'weaning,,
although slightly lower than in the summer
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Z, ~ period in trial 1, is, particularly for |
:;:; ) ' ‘ . experimental treatments, close “to the 500 g,.

¢ - considered important for successful abrupt

b =t

early weaning of calves (Gorrill 1972).

< °

Calf losses were nil for the trial. The number
of calf days with watery scours was coné{stent
with results from trials 1 and 2. Only one calf

required antibiotic treatment due to elevated

temperature, throughout the trial (Table 3).

3 G AR IR BT t T

The results appear to indicate that sorbic acid
can be applied to S. lactis-fermented colostrum

at any time up to 4 days of storage with
similar effects_on ADG,

- et R
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SUMMARY o

P . . Three colostrum feeding trials involving 108 newborn
i}‘ . ' Holstein calves were conducted in order to assess

WG SR F

calf response to 1000 ppm of sorbic acid equivahent
- applied under various conditions. 1In tpe first two
[ . . ‘ - trials, the effect of colostrum storage temperature
was tested. Calves were fed 2.25 L of colostrum

inoculated with Strepiococcus lactis once a day,

. together with 20% crude protein starter and water
S given free choice up to weaning (21 days). Potas-
sium~sorbate-treated colostrum.(1000 ppm of sorbic
o acid equivaleht at day 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.

s VN 1 4y R TEm T e

410.6 g/day). Colostrum was stored at room tempera-

e AL YT AT

ture. Colostrum containing sorbic'acid retained
its palatability throughout the 21 days of the sto-

rage and was free of surface molds in contrast with by
G-' the obvious mold growth on the surface of untreated Yy
}
> H
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colostrum. No similar growﬁy—promoting}effect due

to sorbic acid was onEEQZE dG;I;g trial 2 wheMfthe
ambient temperature was 10.5 * 1.2°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 applicatgon on calf performance was tested. Calves

were fed 2 L of colostrum cultured with S. lactzis

daily, free-choice water, and a calf starter containing

20% crude protein for 28 days. Similar growth res-
pronse was obtained when potassium sorbate was applied
at the beginning (day 1: high pﬁ; low contamination)
or end (day 4: low pH, higher contamination) of the

collection period.
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" CHAPTER 4

PHASE III - LABORATORY EVALUATION 'OF MOLD-INHIBITING

AND NUTRIENT-PRESERVING PROPERTIES OF SORBIC ACID

: ////////// APPLIED TO FERMENTED COLOSTRUMI1
: - —
¢ A. INTRODUCTION

Gy

B T T SRR R R

SEa e e L S
\'w

O £ 1o o MR o e map At

Decreased palatability and calf refusals of fermented
colostrum frequently occur after prolonged storage,
particularly during hot summer weather (Muller et al.
1976). Thompson and Marth (1974), studying the micro-
bial population in naturally fermented colostrum, demon-
strated that i1n the initial stages of fermentation,

when pH was lowered to 5 and titratable acidity reached
0.7%, the lactic-acid-producing bacterial count was
matched by fecal Streptococci and surpassed by coli-
form bacteria. Colostrum was contaminated with yeasts
and molds as well. 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 enviromments. In the o
final stages of colostrum storage they often dominate
the fermentation and cause ‘undesirable breakdown of
nutrients. Rindsig et al. (1977) reported that the
&Qld and yeast count of naturally fermented colostrum
increased from an initial value of 2.0 x 102 nL 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. II11I. Laboratory evaluation of
mold-inhibiting and nutrient-preserving properties
of sorbic acid applied to fermented colostrum.

Can, J. Anim. Sci. 62: 191-205.

(=
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day 1 to 5.7 x 109 mL at day 28. Similar or even
higher mold and yeasts counts were obsérved 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-

td

nation.

Sorbic acid, widely used as a mold and yeast inhibitor
in the food industry, had a positive effectibn calf's
average daily gain (ADG) and preweaning consumption

of calf starter, when added to fermented colostrum
stored at summer ambient temperature (Drevjany et al.
1980b). In contrast to various organic acids used in
preservation of colostrum, sorbic acid is applied

as a neutral potassium salt and as such\does not
influence directly the H+ concentration./in the medium.
The efficacy of the mold inhibitory activity of wsorbic
acid depends on the dose applied, initial level of
contamination and pH of the medium (Wallhauser and
Lick 1972). While the effitacious dose of sorbic

acid can be established rather easily, another dilemna
remains. Sorbic acid can be applied earw]ffy when the
contamination of colostrum is low, but at that time
the pH of the media is high. Alternatively, if the
application of sorbi¢ acid is delayed, the acidity of
the colostrum is increased but it is also more con-
taminated. The purpose of this study was to investi-
gate the effects of time and level of application of
sorbic acid on nutritive value and degree of putre-
faction in colostrum stored under hot (summer) or

cold (winter) conditions.

MATERIALS AND METHODS

Colostrum, obtained from one cow during seven conse-
cutive postpartum milkings, was!instantly equally
divided into 28, 2-L flasks, representing 14 treat-

i .
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ments replicated twice. Each sample was inoculateé
on the first day with 5 mL of a commercial lactic
starter culture containing S. lactis and Streptococcus
eremoris (Floran-Lalley Company, Rexdale, Ontario).
Treatments 1 - 7 were stored for 28,6 days at ambient
summer room temperature (S) with an average 0800 h
temperature of 24°C and 1600 h temperature of 26.5°C.
Treatments 8 -~ 14 were stored at simulated winter
conditions (W) at a constant temperature of 10°cC.
Superimposed on both storage temperatures were four
levels (L) of potassium sorbate (0O (control), 1000,
2000, and 3000 ppm of sorbic acid equivalent, res-
pectively). Application of sorbic acid took place on

- the first day of' the collection of colostrum (D1)

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 aésessed daily for separation of whey,
casein and fat, evidence of surface molds and for-
mation of odor or off-flavor. Titratable acidity and
pPH of colostrum were detérmined 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
determinedvat days 4 and 28. Analytical methods were
those described previously (Drevjany et al. 1980a,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
acigified (pH reduced to 3.5 with tartaric acid)
potato dextrose agar and incubated at 22°C for 72 h.
Colonies were counted andlaveraged for each treat-
ment. -
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The experiment was designed 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 (time of sampling

of particular nutrient) factorial. Significance was
tested by an F test and by Duncan's new multiple range
test. TFor significant interactions only, the simple
effects were examined (Steel and ,Torrie 1960). Analyses

of mold and yeast counts were done‘on tgansformed 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. lactis are presented in Table 1. The same
table shows these values at specific sampling
times.

Special attention was paid to 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
x 10_5,§Wi11 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<0.05) differences

between the summer and simulated winter pH and
titratable acidity'values (Table 1). A drop

in pH due to higher storage temperatures, by
approximately 1 unit, was independent of super-
imposed treatments. Application of sorbic acid B
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at day 1, and to a lesser extent at day 4,
resulted 1in substantial slowdown of the ini-
tial pH decliné and in a slowdown of an
increase in the titratable acidity (Table 2).

A similar observation was made by Muller and
Sﬁallcomb (1977) for pH changes in colostrum
treated with another pH-dependent antimicrobial

agent, benzoic acid.
—

Summer application of sorbic acid at day 4
maintained the pH at a desirable level throughout
the storage period, with minimal fluctuations,
particularly when applied at higher levels
(Table 2). A similar tendency was observed in
titratable acidity. It can be estimated that
at day 4 apblication (summer pH approximately
5) about 37% of sorbic acid remains in an undis-
sociated state. This amount of undissociated
sorbic acid in colostrum would be capable of
effectively controlling contamination by molds
and yeasts (Table 2) as well as suppressing
the growth of desirable S. lactis, which is the
main producer of lactic acid in fermented colo-
strum (Wallhauser and Lick 1972). Similar re-
tardation of fermentative activity of S. ther-
mophilus and Lactobacillus bulgaricus by sorbic
acid was reported by Hamdan et al. (1971).
Wallhauser and Liick (1972) observed that growth
of S. lactis and L. leishmanii in a medium with
pH 6, was depressed bylapproximately 50% when
sorbic acid was applied at the 625 ppm level.
Negligible growth of these organisms was ob-
served at the 15,000 ppm level of sorbic acid.
In the present work for the summer day 1 appli-
cation (Table 2) in the first few days, the
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environment (pH approximately 6.5) was outside
theieffective threshold of the antimicrobial
activity of sorbic acid. However, even such a
low level of undissociated sorbic acid (approxi-
mately 5.4%) was apparently capable of retarding
activity of some 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

lower the pH to approximately 4.5, would \provide

the appropriate conditions for sorbic acif acti-
vity and thus enhance mold and yeast- contiyol in

acid-treated colostrum.

Differences in the magnitude and/or direction
of response in pH and titratable acidity due to
the storage temperature, day of application,
level of application and sampling day were fhe
cause of significant interactions (Table 3).

During summer storage the effect of level of
sorbic acid application on ﬁH and titratable
acidity was quadratic (P< 0.05) irrespective of
the day of application. A high correlation
between the dose of sorbic acid and antimicrobial
activity exerted against S. Zactis and L. 1iesh-
manii was reported by Wallhauser and Liick (1972).

During simulated winter storage, application

of sorbic acid at day 4 resulted in a significantly

lower (P<C0.05) pH and a significantly higher
(P<:0.05) titratable acidity than application at
day 1, regardless of level of application (Table
1). The response in pH to increasing levels of
sorbic acid was quadratic (P<{0.058) with day 1
application and linear (P<0.05) with day 4

. instantly
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application. No change in pH was noted when
level of sorbic acid was {increased from 2000
to 3000 ppm at day 1 application (Table 2):

Summer storidge of colostrum for 28 days resulted
in a significant cubic decline in pH (P<L0.05)

when sorbic acid was applied at day 1 and a quad-
ratic decline (P< 0.05) when application occurred

" at day 4. A guadratic decline in pH of naturally

fermented colostrum with an upward trend in pH
at approximately 21 days of storage was reported
by Wheeler et al. (1980). Decline in pH in the
course of colostrum storage was reported by
Carlson and Mullfer (1977) and Otterby et al.
(1976). Changes in pH, leading to a cubic res-
ponse, began with a steady decrease until about

38

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).* Also, the possibility of conver-
sion of lactate to VFA by S. lactis, grown in
colostrum with low level of lactose, cannot be
excluded (Thomas 1979). An increase in the con-
centration o; poorly ionized VFA (pK 4.7—4.8) is
thus substituted for lactic acid (pK 3.1) and
actually 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

R . T
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sampling) levels of lactose in fermented colp—
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).

@

=4

The mid-trial (average values of days 4 and 28)
content of lactose during summer storage was
significantly (P<£0.05) lower when compared to
winter values. The decline in lactose content

in the 28-day storage period was greater during
summer than winter (Table 3). Day of application
of sorbic acid did not significantly influence
(P>0.05) the gontent of mid-trial lactose

(Table 1). However,.when sorbic acid was applied
at da& 4 during summer storage, the absence of

an antimicrobial agent for the initial 4 .days
resulted in a significantly lower (P<0.05)

i, -

initial average content of lactose in treated .
samples (1.52%), compared to day 1 application'
(2.11%). Conversely, the residual level of

lactose after 28 days of storage was higher for

the day 4 application when compared to the value

for day 1 application (Fig. 1). The same ten-

dency was observed in samples stored at winter
temperature (¥Fig. 1) although residual lactose

was considerably h;éﬁ@r. It appears that the N
lower pH at day 4 application potentiated the

antimicrobial activity of sorbic acid and thus e

retarded the microbial conversion of lactose to
lactic acid and other fermentation products.

Due to inherent losses of energy during microbial
fermentation, a slowdown of fermentation should
lead to energy richer colostrum for—the calf.

The losses of lact®se between 4 and 28 déys of
storage over all levels of sorbic acid amounted

e an *
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' to 88.2% in summer and,6 32.5% during winter

storage (P<C0.05) (Table 1). Lower losses in »
summer (72.3%) were observed when sorbic acid
was applied af day 4. Increased application of r
sorbic acid to 2000 ppm lowered the lodées
further to 59.6%. During winter storage the L o
lactos 1ossés in untreated samples amount to-
60.12%,) while no residual lactose was detected
during summer storage. .

! ' ' . ¥
Seidel and Shellenberger (1975) r;ported a 63% i i ,
decrease in lactose conéent after storing colo-
strum fermentediﬁith S. lactis for 28 days. | s s~ \
Only .22% reduction in lactose content was noticed

i et él:'(1976; when naturally fermented

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

relatively small decrease in lactose content,
however,“&és accompanied by a very small increase

in titratable acidity (11.2%) compared to the

reported trial (146.9%). It may be assumed that .
;ﬁnimal fermentation activity in the Yu et alz

(1976) experiment led to minimal demands for :‘

fermentable substrate.

Out of the treatment combinations used, it . . coo
appeared that day 4 applicatioq 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 retained when sorbic acid, irrespective of s,
the Ievel, was applied at day 4. o BT

Protein ' . . .

s

The degration of protein is indicated by the
amount of dye-binding protein (DBP) (Table 1).
A high DBP value indicates a greater amount of - b



Rt '+
. AT ’m ot

e ,,Y,,—n:;swp:w,g_,-w ALY -

MO E R MR 3 e 1

" undegraded protein. The extent of protein
‘;degradation during 24-day summer storage of

fermented colostrum was significantly (P< 0.05)
lowered only when sorbic acid was applied at the ’
2000 ppm level:; HoWever, the tendency towards
-lower degradation. was strong, with all doses of
sorbic .acid applied (Table 1). A similar trend
taward less deéregse in protein was reported by,
Muller and Smallcomb (1977) when colostrum was
treated with sodium benzoate and benzoic acid.
For winter conditions, the application of sorbic
acid did not have a significant effect on protein,
degradation (P>0.05) irrespective of the level
applied: Howe@er, when sorbic acid was applied
at Qay 4 of winter storage the mid-trial DBP
level was significantly higher (P<.0.05) than
wkén applied at day 1. There was no significant
effect éf storage temperature of'déy of appli-
cation on DBP,. Significantly'highe; DBP values
at day 4 application than at day 1 application
during winter -storage, but no effect of day of
appliéatﬁon during summer storage, resulted in
significant température by day of application
interactions (Table 3). The summer storage of
untreated samples resulted in increased (P< 0.05)
protein degradation compared with winter storage.

The protein degradation during summer storage

,amounfed to 38.5% for untreated samples and

approximately 25.0% for sorbic-acid-treated
samples. During winter the corresponding values

. were 15.0% and approximately 10% (Fig.'2). The

effect of length of storage on protein degradation
was significant (P£LO0.03) irrespective of the
storage temperature. The decrease in protein
nitrogen (N) in the course of the 24-day storage
period amounted to 27.2% during summer and 10.9%

- /

!

e,

. e s -
S A s et
SESRTEL Yiemn

>

1.&::&“-....»«,._..,..._ Pt by s g N et e v o v e e
- I3 -



AT

5
Y

#duridg'win£grw(Table i). Rihdsig and Bodoh
(1977) lowered the protein degradation during
=thé 35-day summer storage period by application
- of 1% of propionic acidlor 0.1% of formaldehyde.
In propiénic-acid-treated colostrum, 88.0% of
“ the total N was in protein form compared with
86.0% for formaldehyde treatment and 79% for
" untreated colostrum. The same level of propionic
acid failed to reduce protein degradation in '

n‘r B

- another_ trial (Muller et al. 1976). . -

:jv Total N was‘nearly:identicalvin all treatments

and did not differ after 24 days of storage
(P>0.05) (Table 1). Similarly, no loss of N
during storage was reported by Otterby et al.
(1976, 1977) for naturally fermented colostrum
or by Daniels et al. (1977) for lactic-acid-
cultured or acetic-acid-treated colostrum. No
change in N x 6.38 was detected from 4 to 35

' days of storage for pooled, naturally fermented

wcolostrum (Yu et al. 1976). Carlson and Muller
(1977) observed a‘decrease in total N in colo-
strum over 20 days. The highest loss of.N was
noticed in naturally fermented, followed by

The authbrs explained the decrease in total N by
the utilization of N by microflora during the
fermentation. It could be argued that the
'.transfdrmation of colostral N into microbial N
would not represent & net loss 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 énd volatile fatty

acids and remain relatively stable in colostrum.

'np N 3
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formaldﬁgyde and propionic-acid-treated colostrum.’

e
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-cant (P« 0. 05).

‘acid. No explanation of the high residual fat

. ”(d) Fat

The day 4 summer application‘of‘sorbic acid re-"
duced the breakdown of fat more effectively
(P<0.05) than day 1 application (Table 1).
During winter there waé a similar, but nonsigni-
ficant (P>0.05) tendency (Fig. 3). Differences
in the extent of fat breakdown between summer and
winter application of sorbic acid were signifi--

In the sﬁmmer, the control as well as the highest
level of sorbic acid (3000 ppm) had a signifi- .
cantly sloger rate of fat.decomposition (P<0.05)

than samples with 1000 and 2000 ppm of sorbic :\

content in the summer control treatment can be
offered, though an analytical error seems to be

a likely suspect. Explanation of the temperature =
by'ievel,of application interaction is meaningless
if fhis is the case (Table 3). The average fat

*content| during winter sStorage was not affected

by the level of application of sorbic acid
(P>0.05), however, there was a tendency towards
reduced fat breakdown with increased level of
sorbic acid (Table 1). 1In agreement with other
(Foley and Otterby 1978), the average drop in
fat percent between day 4 and Zé was nonéignifi—
cant (P>0.05). No explanation can be offered (
for the significant temp%rature by sampling day ’ L

interactions (Table 3) as response to the treat-

ment during higher temperature storage was oppo-

site to what was expec¢ted (Table 1). The reports i
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 tfeatment effecﬁ
was observed by Rindsig and Bodoh (1977). This

seems to indicate that there are other Tfactors

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 with acid-resistant molds and

yeasts. Rindsig et al. (1877) reported
such contamination is not controlled by
dehydé or propionic acid applied to the

frum. The mold and yeast contamination

that
formal-
colos—-

ma

b

therefore, influence, in addition to other nut-

rients, the content of fat of colostrum.

by Pelczar et al. (1977).

Mold and Yeast Count

44

e

Hydro-
lyses of milk fat by mold lipases\was described

Mold and yeast counts are presented in Table 1.
When data were analyzed with the control included,

the treatment effects were nonsignificant

(P>0.05) due to high variability and consequently
high standard error. 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
storage temperatures. The effect of level of

application was nonsignificant (P>0.01). The

summer application at day 1 lowered the mold

count at dayf4/f§aﬁ 105 (control) to 104
| 3

applied at 1000 ppm, and further to 10” and 10

when
2

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

and Marth (1974). L Application of propionic acid
and formaldehyde (Rindsig et al. 1977) as well
as sodium propionate, sodium acetate, gluconic
acid lactone and sorbitol (Muller and Smallcoﬂb
1977) did not reduce the mold and yeast contami-
nation i1n colostrum. A significant reduction
in yeast and mold count with the addition of
sodium benzoate was reported by Muller and
Smallcomb (1977). Because the antimicrobial
activity of benzoic and sorbic acids depend on i
the‘presence of undissociated acid, high acidity '
of fermented colostrum would complement their
efficacy. However, due to a higher dissociation
constant (6.6 x 10_5) only 13 - 60% of ,benzoic
acid remains 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 trial, did not provide the same
1eve; of protection against molds and yeasts.

The day 4 Summer application did not bring about
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
reduced at 103 or less (Table 2). Apparently
the high initial contamination (105) lowered
the overall efficacy of sorbic acid, 'compared

'

-
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to day 1 application. However it should be
noted that the total count of mold and yeast,
after 28 days of storage, only amounted to
apﬁroximately 0.08% of the control count
(Table 2).

During simulated winter storage, application at
day 1 led again to better control of yeasts

and mold (Tables 1 and 2). However, counts at

day 28 were considerably higher than for sumiher

storage. With the 1ncreased level of sorbic
acid application, the number of contaminating,
yeasts and molds decreased, irrespective of the
day of application. Overall higher counts of
yvyeasts and molds in control during Qinter storage,
and to a lesser extent i1n treated samples,
showed their tolerance to lower temperatures
(Table 2). Compared to the control, however,
the yeast and mold counts were lowered by more
than 96% and 99% when treatments were applied

at days 4 and 1, respectively (Table 2). KAS

the pH of fermented colostrum during win¥er
storage was significantly higher (P<£0.05)
compared to the summer one (Table 1), it appears
that there was an interaction between environ-
mental pH and antimicrobial activity of sorbic

acid.

Subjective Assessment of Stored Colostrum

Subjective assessment of colostrum for odor
and separation df fractions 1s presented in
Table 4. The odor of untreated samples in-
creased with lerngth of storage regardless of

storage temperature. Chaﬁges had already

occurred after 7 days of storage. Colonies of

surface molds were first observed after 16 and

5 days of storage in summer and winter-stored

-

a——_ 4
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control samples, respectively. Furthermore,

. i the number of mold colonies progressively
increased throughout the storage, particularly
in summer control samples. Qdor of treated
samples (Table 4) remained acceptable up to
28 days of storage, with summer storage gene-
rally giving a sweet odor and winter storage
an acidic odor.

Separation of curd and whey was noticed at
day 7 in winter control samples, with whey being
sandwiched between two layers of curd. Separa-
tion also occurred in samples treated on winter
day 4 (treatment 12-14); however, the curd wasw=
floating on a layer of whey. The remaining
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 yellow layer floating on top.

.Separation of whey was complete at day 28, with
the exception of treatment 7 (Table 4), which

remained uniformly clotted.

All treated samples 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
lgyers of curd. The separation of fat, curd and
wﬁey in fermented colostrum makes the thorough
mixing of colostrum prior to feeding an ab-

solute necessity. ‘

D. SUMMARY ,

The effect of four levels of sorbic acid ég, 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 nutritive value and degree

of putréfaction of Streptococcus lactis fermented .
colostrum was examined. Application of sorbic

acid, parwicularly at day 1, resulted in a slowdown

of the 1nitial pH decline and a slowdown of an 1in-
crease 1n the titratable acidity. Day 4 application
maintained the pH at a desirable level throughout

the storage. The pH decreased quadratically‘during
storage when sorbic acid was applied at day 1 and
linearly when applied-at day 4. The pH\ievels were
positively related to the levels of sorbic acid applied..
Storage losses of lactose were higher in summer (88.2%)
than in winter (32.8%) conditions: however, day 4
summer application of 2000 ppm of sorbic acid reduced
losses to approximately 60%. Protein degradation
decreased when the dose of sorbic acid applied 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 were noticed during storage. All levels of
sorbic acid applied at day 4 reduced the fat breakdown
during summer storage more effectively than day 1 /
application. During summer storage, the day 1 appli-—
cation of sorbic acid led to complete elimination

of molds and yeasts, while the control count grew

to a level of approximately 106/mL. “The same day of
épplication brought about partial, but not complete,
control of moldsand-yeasts during winter storage.
Visual characteristics and odor of stored colostrum
were greatly improved by the application of éorbic

acid especially during summer storage.
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CHAPTER 5

PHASE 1V - EFFECT OF ENERGY SUPPLEMENTATION OF
FERMENTED COLOSTRUM ON PROTEIN UTILIZATIONL

A. INTRODUCTION

Whole milk is commonly regarded as the ideal food
for the neonatal calf. However, Lister and Lodge
(1973) and Lodge and Lister (1973) demonstrated,
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 acids (VFA)

and products of questionable nutritive value (alcohols),
] thus lowering the DE:DP ratio further. Successful

The contents of this Chapter have 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. Sci. 62: 439-448,
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attempts have been made to reduce the energy iosses

by using preservatives (Rindsig and Bodoh 1977; Muller
et al. 1976; Drevjany et al. 1977), direct acidifica-
tion (Polzin et al. 1977; Otterby et al., 1977) and
inoculation with 1actic—écid~producing bacteria
(Muller and Syhre 1975; Drevjany et al. 1975). How-
ever, the unfavorable DE:DP ratio was not changed
substantially.

An average sample of colostrum from Holstein cows

as reported by Parrish et al. (1950), contains 4.56%
fat, 5.09% protein and 4.51% lactose. Using the data
of McDonald et al. (1966) for gross energy and of
Parrish et al. (1953) on digestibility-of energy- -
containing compounds of colostrum, it can be esti-

mated that the ratio of DE (kJ):DP (g) 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,

to fermented colostrum and its effect on growth,
nutrient digestibility, protein and energy utilization
and calf health.

MATERIALS AND METHODS

Twenty—four Holstein male calves were purchased at

4 days of age along with 50 kg of colostrum per calf
from local farms. Each lot of colostrum from the
first milking was inoculated with 200 cc of a

Streptococecus lactis cultured buttermilk and on day

'4 colostrum was treated with 1000 ppm of sorbic acid

equivalent in the form of potassium sorbpate:

4

A\ B

On arrival, each calf received intramuscularly
900,000 IU of vitamin A, 135,000 IU of vitamin D3
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Qnd 90 1IU of vitamin E (Poten ADE, Rogar STB,

London, Ont.) and 3.6 mg of selenium in combination
with 163 IU of vitamin E (Dystosel, Rogar STB,

London, Ont.). Calves were housed in individual
stalls with wooden slatted floors in a forced—air—\&'V
ventilated barn. On the first day, each éalf 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 mixture 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
21 days. The daily allofment of colostrum was expected
to provide energy at the maintenance 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 ﬁer calf per day among treatments reflect
the actual crude protein content of colostrum as well‘
as the varying contribution of protein, contained in
the fat concentrate. . 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 DE/g DP from 71.1 in Treatment lg?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 1, 2, 3 and 4, res-

pectively. The supplement containing cerelose and

fat was mixed with the colostrum prior to each feeding.
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The consistency of feces (Larson et al. 1977) and -
rectal temperatures were recorded after each mornlng
feeding. If body temperature exceeded 39. 4° C_the
calf was injected intramuscularly with 1000 mg of
chloramphenicol (AUSTICOL 500, Austin Laboratories,
Guelph, Ont.). Calves that did not respond to this
treatment wifhin 24 h were treated with other anti-
microbial agents. If diarrhea occurred, calves were

treated, 1n agreement with manufacturer's instructions,

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

Ont.). Diastat contains Streptomycin, sulfathiazole
and sulfamethazine as sources of anti-microbial o

activity and mixture of electrolytes.

Representative samples of each lot of colostfum wvere
analyzed for pH and titratable acidity at days 1, 7,
14 and 21, 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-
pbPhthalein end point with 0.1 N NaOH. Total solids,
protein, nonprotein nitrogen (NPN), fat, lactose and
ash were analyzed at days 1 and 21. Total solids

and ash were analyzed according to methods in the
Association of Official Agricultural Chemists (AOAC)
(1970). Protein and NPN were determined on jel-
%oss tester using AOAC 7 BOl and BO4 methods. To
separate the protein for determination off 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 volumetric
method 31-051. During colostrum storage, some ol the
lactose is converted to lactic acid by S. lactis '
(Collins 1977), thus "lactose equivalent'" was calculated
by subtracting the protein, fat and ash contents from
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the value of total solids. Gross energy values of

the diets were calculated using the coefficients for
fat, protein, lactose and cerelose given by Mchnald
et al. (1966). Parrish et al. (1953) data on digesti-

+bility of colostrum were used to calculate the diges-

tible energy of the diets. A co‘nversion coefficiexft
of 4.184 was applied to transfer the DE valueé from

calories to joules (J).

Nt :
Blood sambles were collected by jugular puncture at
4 h postfeeding on day 21 of the trial. Serum samples

. were analyzed for glucose (Peterson and Young 1968) ' .

and blood urea (Fawcett and Scott 1960)-

‘ .
Digestibilities of total solids; protein, fat, lactose
equivalent and ash were determined by total feoa;,l ' ‘
collection (Lodge and Listér 1973) in all calves from
days 14 to 17. Analysis of fecal nutrients was con—‘
ducted from frozen samples according to AOAC (1970)
methods.

Data were analyzed statistically by aﬁ?x‘lysis' of
variance. When the analysis of variance indicated
significance (P<£0.05), the differences between indi-
vidual means were tested by Duncan's new multiple
range test (Steel and Torrie 1960).

RESULTS AND DISCUSSION

(a) Colostrum Characteristics

The basic characteristics of colostrum are

presented in Table 2. There were no differences

‘53

in the nutrient content, 'pH and titratable acidicty

values of fermented colostrum before supplemen-

tation.

~s
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Colostrum pH was uniform throughout the trial
in contrast to results reported by Yu et al.
(1976), pdssibly because of our inoculation with
5. lactis. Low pH in all treatments might have
contributed to feed refusal sz some calves- «
(Drevjany et al. 1975).

T;tratable acidity values and their variation '

up to 21 days agree with data pu'blished by .

Muller and Syhre (1975) for colostrum inoculated
with S. lactis. 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 conﬁ%cted
_;‘;{f:during the summer months). Similar observations
'were made by Muller and Syhre (1975). 5
%

"'I“'otal solids, protein and fat contents of colo-
strum (Table 3) are well within the ranges given

in a revie“; of Foley and Otterby (1978). Lactose
levels are in agreement with those reported by

Yu et al. (1976). ' -

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 p€rcent

of total N amounted across the treatments to )

6.6% at day 4 and 14.2% at day 21. Both values

are similar to those reported py Muller et al,

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

e
.

Animal Performance

%

A_lthough therg were feed refusals, they were

not related to treatment. . Table 4 shows the esti-
mated nutrient intake by calves and the ratios.
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of DE (kJ):DP (g) when calculated and corrected °

for the weighbacks. Gain increased significantly
(P<L0.05) with each increment of DE (Table 5).

"Based on net intake of estimated DE and using

Jacobson (1969) requirements for the neonatal

calf, lower gains should have been obtained

in all treatments. However., when the requirements
of Cunningham et al.’ (1958) were applied, the
actual ADG (Table 5) were réasonably close to

the theoretical calculations (-82.7, 58.4, 221.8 . °
and 292.7 g for treatments 1, 2, 3 and 4, res-

To quantify the dependence of ADG on DE intake,

a regression line was calculated (Fig. 1). The
relationship between the daily intake of :DE (kJ)
and ADG (g) (r=0.75) at fixed protein intake can
be described by the equation:

Y = 8326 + 12.26X

wher = daily intake of DE (kJ) and X = ADG
(8)- '

}k i
As the average midtrial liveweight of calves
was 47.25 kg, the equation above can 'be trans-.

formed into a more general form:

2

Y = 176.2W + 12.26X

where W = liveweightfin kg and X = ADG (g).
Based on the latter equation, it can be “con-
cluded that maintenance requirement of DE for a o
nonruminating calf fed ferméntgd colostrum is
|}
176 kJ/kg of liveweight and 12.3 kJ of DE re-

quired per gram of gain. .

Such maintenance requirements of DE are in éood
agreement with the work of McGillard et al. cited
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by Jacobson (1969) (171.5 kJ/kg) and Brisson
et al. (1957) (187.0 kJ/kg). ‘Substantially

P

,1higher values were published by Jacobson (1969)
, (194.1 kJ/kg), Bryant et al. (1967) (201.7 kdJ/

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

Requirements of DE for‘production are slightly
higher than data published by Brisson et al.
'(1957) (11.2 kJ/g of gain) and close to the
value published by Blaxter and Wood (1953)
(12.8 kJ/g). Bryant et al. (1967) ard National
Academy of Science-National Research Council
(1978) published hlgher DE requirements per
gram of gain by calves fed mllk only

The low DE requirements in this°study could
'possibly be explained by the presence of small
quantltles of volatile fatty a01ds (VFA) in

the 5. lactis -fermented colostrum (Collins 1977), .

for which no analyses were conducted. The
VFA may have increaded the total available DE
slightly for calves and thus lowered the cal-

L}

culated DE requireménts.

Apparent Digestibility Study

An increase in energy supplementation resulted
in a significant (P< 0:05) reduction in diges-
tibiTity of total solids, lactose equivalent

and ash (Table 6). The decrea’se in digesti-
bility of fat and protein’ was not:significant
(P:;0.0S); A reduction of protein digestibility
was observed by Lodge and Lister (1973) when
whole milk was supplemented with 8-10% cerelose.
It seems that there is a high individual
variation in a calf's ability to digest supple-
mentary fat. While there was an Everage 10.25%
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of fat in the fe;al DM of control calves

. {Treatment 1), two éalves in each of the

H

supplemented treatments had over 40% fat in the’
fecal DM, decreasing their fat digestibility.
to as low as 52.4%.

The incérease in fluidity of feces (Fig. 2)
_ associated with increased energy supplementation '

may have been a contributing factor in lowering

digestibility (Grimes and Gardner 1959).

¢
S .

.?Differences between expeated and actual colostrum
. nutrient contents and their digestibilities

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 Treatments 1, 2, 3

and 4, respectivgly (Table 4). \\j

Calf Blood Parameters

No significant®differences (P>>0.05) among
treatments for serum glucose (SG) were found
(Table 7). There was a significant (P<C0.05)
decrease in serum urea nitrogen (SUN) with in-
creasing supplementary €nergy. Carlson and
Mullér (1977) found a positive correlation

Q

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

a correlation did not exist in out trial (r= :

0.01). It is postulated that it was the shortage

of DE in Treatments 1, 2 and 3 that caused
deamination of surplus DP (93.2 g in Treatment
1), resulting in formation of urea and utili-
zation of the carbon skeletons as a source of
energy. A negative correlation (r= -0.67)
between DE intake and SUN and, a positive cor-
relation (r=0.94) between surplus DPjand SUN
seem to support this theory. ’

[\
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Health of Calves
|
With the increased supplementation of énergy,

the fluidity of feces was increased (Fig. 25.

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 ca%f leads to diarrhea.

This may explain the increased fluidity of feces

. from calves given Treatments 3 and 4, where

daily net intake of lactose equivalent amounted
to 201.4 and 271.5 é, respectively. No cases
of Code 4 (watery) feces were recorded. The
highest incidence of runny feces (Code 3) was

observed duraing the second week.

The number of days with body temperatures above
39.4°C was ;imilar among calves-from Treatments =
l; 2 and 3 (2, 3 and 2 calf days, respectively)
but increased in Treatment 4 (9 calf days). éét
Feed refusals of diluted and/or supplemented ~
colostrum were unrelated to treatment. Often,

the feed refusal coincided with increased rectal:
temperature and/or higher fluidity of feces. 1In
the course of the trial 2.56, 4.03, 7.60 and 6.13

kg of weighbacks were recorded per calf in

Treatments 1, 2 3 and 4, respectively:

The supplementation of fermented colostrum with
i
ap 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. TFluidity of feces increased with
increased supplementation, possibly indicating
that the calves' ability to utilize carbohy-
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drates and/or fat has been exceeded at the

. highest level of supplementation.

) D. SUMMARY

Twenty-four Holstein calves were fed fermented colo-
strum (Streptococcus lactis) treated with sofbic acid,
from 4 through 24 days of age to study the effects ‘

of i1ncreasing the ratio of calculated digest&ble energy
(DE, kJ) to digestible protein (DP, g). Approximate
ratios (kJ DE/g DP) studied were 64.4, 82.8, 99.6°

and 126.8, which Qere obtained by adding 1ncreasing
amounts of a mixture of cerelose (46.4%) and a fat '

concentrate (5316%) to the basal colostrum diet.

4 ture, fecal characferistio§, weekly body weights
and analyses of colostral pH and titratable acidity.
At the beginning and end of the experiment, colostrum
was analyzed for protein, NPN, fat, lactose and ash.
Blood serum samples taken at day Zliwere analyzed for
glucose and uréa. A digestaibility study was conducted,
between days 14 and 17. There was a significant
(PL0.05) increase in gain with each increment of
DE (15.9, 103.2, 174.6 and 321.4 g for DE/DP ratios
of 64.4, é2.8, 99.6 and 126.9 respectively) and
improvement of protein: gain (g/1000 g) ratio (9.095,
1.355, 849 and 444, respectively). Blood urea levels ¢ .
were being negatively correlated (r= -0.67) with DE
intake and positively correlated (r=0.94) with sur- -
plus DP. There was a tendency for a reduction in
. digestibility of fat and protein with increasing
supplementary energy. The reduction was significant
(PL0.05) for total solids and lactose equivalent.
The equation Y (DE) = 8326 + 12.3 x (ADG) was con-  ___
structed to desc :Bgl@he relaEionShip between,the
< daily intake of DE (kJ) and ADG (g). The maintenance
requirement of the nonruminating calf wés estimated
as being 176 kJ DE/kg of liveweight and 12&36‘kJ of

. - . . . - e s arn
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Recorded data included daily feed intake, body tempera- =
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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 neonatal 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 utilization by calves by widening the
idigestible energy (DE) to digestible protein (DP) ratio

< in fermented colostrum through aincreased participatibn of

homofermentative microbes, by prevention of unnecessary |.,,’
degradation of nutrients through yeasts and molds and )

eventually by direct supplementation of energy.

It was established (Chapter 2) that inoculation of colg-
strum with homofermentative Stre;%ococcus lactis culture
resulted in a more rapid drop ifi' pH during the first four
days of fermentation when compared to én uninoculatedzcon—
trol. In addition, S§. lactis cultured colostrum m%ﬁﬂtaiﬁed
the highest level of residual lactose after 28 days of -
storage when compared to natural fermentation or colostrum

inoculated with a mixture of Streptococcus thermophilus

* and Lactobacillus bulgaricus or Lactobacillus acidophilus.
Colostrum inoculated with S. thermophilus and L. bulgaricus
or L. acidophilus was not acceptable to calves and feed
refusals resulted in premature termination of the experi-
ment for these treatment groups. There were no refusals
by calves fed naturally fermenfed or 5. lactis cultured
colostrum. The use of 5. lactis culture produced a better
overall daily gain (582 g/day) than naturally fermented
colosérum (434 g/day) and calf starter intake was signifi-
cantly higher by calves fed colostrum inoculated with —

S. lactie than by those fed naturally fermented colostrum.

The pH of S. ZTactis cultured colostrum was maintained
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between 4.0 to 4.5 during the entire storage period. The
' . drop in pH to 4.0 - 4.5 did not prevent acid resistant
microbes, such as molds and yeasts, from further degrading

the dﬁtrients in stored colostrum.

Since acid-tolerant yeasts and fungi contribute substan-
L tially to degradation of nutrients and a formation of off-

flavours, particeularly during extended summer storage

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

necessary.

Addition of sorbic acid (Chapter 3) applied at 1000 ppm
during the first 4 days of summer storage resulted visually
3 in effective control of yeast and mold contamination and
] , ) improved odor. When S. lac%tis inoculated, sorbic acid-
ﬁ ' treated colostrum (1000 ppm) was fed to calves during the

' summer, the average daily gains and intake of calf starter
: B o were greater in comparison to naturally fermented colostrum.
PO | ,
&' Application of sorbic acid during winter storage brought

3 T ) only partial control of mold and yeast contamination and

] . had no effect on calf performance. According to Wallhauser
? and Luck (1972), the mold inhibitory activity of sorbic
acid depends on the dose applied, initial level of contami-
nation, and the pH of the medium. In examining the effects
of the above mentioned factors on efficacy of sorbic acid
it was established (Table 1II-1) that even during winter
storage, an increased dose of sorbic acid will lower the
contamination of molds and yeasts. .A negative effect of

| higher initial contamination of molds and yeasts on the

{ efficiency of sorbic acid however, was observed in samples
% where application of sorbic acid was delayed to day 4 of

| : storage (Table III-1).

Furthermore, the pH of colostrum fermented during-winter
t)" v was approximately 0.5 unit higher at the beginning of the
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trial, and 1 unit higher at the mid-trial point, than in
summer. (Table I1II-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. During winter storage, distillable acids of
naturally fermentedrcolostrum were only 0.02 mg/ml, while
during summer storage were 0.19 mg/ml. Similarly the
total titratable acidity, expressed as % of lactic acid
was approximately 1.4% during winter and 3.06% during
summer. Though the lactic acid concentration was similar
irrespective of the storage temperature, distillable
acidity was approximately 9.5 times greater in summer than
in winter. It 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. Controliing such
microbial activity during hot summer weather is the main
purbose of sorbic acid application to fermented colostrum;
during‘winter, the same application is less justified.

A significant improvement in average daily gain (ADG)

of calves fed 5. lactis inoculated, sorbic acid-treated
colostrum, stored during summer, could be explained by
increased consumption of the calf starter as well as
increased residual value of colostral nutrients. Small
amounts of fermented colostrum were fed to 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,
the maintenance requirements of the new-born calf for
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energy. Early intake of calf starter was required to

support positive liveweight gains.

When S. lactis fermented and sorbic acid-treated colo-

struh is fed to neonatal calves, a specific factor may

be involved in increased consumption of calf starter.
Analyses of 5. laetis fermented colostfum revealed that

the initial level of riboflavin (0.14 mg/100 g) was increased
during fermentation (0.21 mg/100 g), enough to satisfy !
the riboflavin requirements of the neonatal calf. No -
,het synthesis of riboflavin was observed in naturally
fermented colostrum (Drevjany et al. 1975). Riboflavin

and some ‘other vitamins of the B group are known to 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
Ahigher intake of the starter feed. g\“' \
J

The DE/DP ratio of calf starter was approximately 30% °
higher than the weighted average of all fermented colo-
strum (87.6 vs. 67.9 kJ/g). Closer examination of experi-
ments 2 (Phase I) and 1 to 3 (Phase II) revealed that

only in experiment 2 (Phase I) did higher consumption of
calf starteroresult in an improved Dﬁ/DP ratio when com-
pared to the control. In other trials (Phase 11, trials
.1 to 3), the differences in intake of starter between

the control and experimental groups resulted in an improved
DE/DP ratio, though the control ratios remained higher
than the experimental ones. In trial 1 (Phase II) the
colostral DE/DP ratio of 65.4 was increased by starter
intake to 72.6 kJ/g, but remained still below the control
total ration ratio of 76.0 kJ/g (Table 7-1). 1In the

same experiment (Phase II-1) the DE/DP ratio of control

.
Bootmtbets 1o 8 S S g — - e v sumn ma e s e —
®
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, colostrum was 71.1, while in experimental colostrum, only
" 65.4 kJ/g. As a result, the DE/DP ratios were lower in
all experimental groups in'Phase II,'when compared to the
respective contrels. The lower DE/DP ratios in experi-
mental colostrum, were due to initial variance in nutrient

composition of colostrum.

Ll

It appears that lower intake of colostral energy in all

SR g

Y experimental treatment groups in trials 1 to 3 (Phase II),|
might have contributed, as pointed out by Muller et al.

BT WA Ey

\
(1975), to the increased intake of calf starter. The ratio
of DE/DP was increased by calf starter intaké, but never
exceeded 80 kJ/g. This ratio is approximately 40% below

i
f

g

Ty

s

the optimal recommended by Lister and Lodge (1973).

Estihated intake of DE per calf per day varied from 8,077
kJ (control group in trial 3, Phase II) to 11,964 kJ

R VT NERAT LRI e

{3 .(experimental group in trial 2, Phase I) (Table 7—1)1
Using the requirements for DE estimated in Phase IV, trial
1 (176 kJd/kg 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 same groups of calves, however, were 78 grams and

R R YRRy

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

to be closely correlated to the ADG is not surprising, when
considering the surpluses of DP which existed in all diets.
With the average mid-trial liveweight of 45.06 kg and ADG
of 232.5 g;WEhe 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 iﬂ trial 3, Phase 1I1) and 152.6 g (experimental

group iﬁ trial 2, Phase I). 'Assuming that energy intake
was not growth limiting, the digestible protein intake

was thus sufficient to provide gains between 492 to 801

ﬂ} grams.
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To clarify the mold inhibiting and nutrient preseréing
properties of sorbic acid, a laboratory experiment was
conducted (Phase III). The aim of this evaluation was to
observe the effect of four levels of sorbic acid applied

at different times and held under two storage temperatures.
During summer storage (Table III-2), the day 1 application

of all levels of sorbic acid led to complete elimination

of molds and yeasts, while the count in naturally fermented
6

colostrum grew to a level of approximately 10~ ml (Table

I11-2)., Partial, but not complete, control of molds and i

yeasts was observed during winter storage at all levels

of sorbic acid (Table I11I-2). Storage losses of lactose

were higher in summer (88.2%) than 1in winter (32.8%)
conditions. Day 4 application of 2000 or 3000 ppm.of sorbic’

acid to colostrum stored under summer conditions, resulted

in the highest residual level of lactose. Protein degra-

dation decreased when the dose of sorbic acid applieq
was increased. Degradation of protein was lower by 13%
in summer and 5% in winter in sorbic acidltreated samples

No changes in’total nitrogen

than in control samples.
Visual characteristics

were noticed during storage.
and odor of stored colostrum were greatly improved by the

application of sorbic acid, especially duringjsummer storage.

It appears that degrad;tion of nutrients during summer
storage and putrefaction of colostrum by acid-resistant
molds and yeasts can be successfully lowered by applica-
tion of sorbic 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 success-
fully the mold and yeast contamination in fermented colo-
strum (Table III—2i, and is well below 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\iactic acid during fermentation, and appli-
cation of sorbic acid resulting in higher residual levels
of iactose in, fermented colostrum, would help to widen

thé ratio of DE/DP to some extent, but not sufficiently to

meét the requirements suggested by Lister and Lodge (1973).

X
.

Fermented colostrum was therefore supplemented with a
mi;ture of cerelose and fat premix‘(wiph ratio of gluco-
genic and lipogenic energy similar to wholé 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,

§ and 4 respéctively (Phase IV). Two and a half kilograms
of S. lactis inoculated, sorbic acid-treated ‘colostrum
with (experimental groups) or without (control group)

the supplement were offéred per calf per day. The gains

were significantly (P« 0.05) increased with each increment

of DE (15.9, 103.2, 174.6 and 321.4 g for treatments 1, 2,

3 and~4 respectively). Based on intake of DE and using
Jacobson (1969) requirements for neonatal calf, lower
gains should have been obtained in all treatments. How-
éQer, when requirements of Cunhingham et al. (1958) were
applied, the actual ADG were reasonably close to the theo—,
retical calculations 82.7, 58.4, 221.8 and 292.7 g for
treatments 1, 2, 3 and 4 respectively). As a measure of
efficiency of protein utilization, the protein/gain
ratios were calculatéd. They followed a similar trend in
response to increase in DE as was noted for ADG (9,095,
1,355, 849 and 444 g for treatments 1, 2, 3 and 4 res-

o

Improved protein utilization due to increased intake of
DE was accompanied by significant drop (P<0.05) in-blood
wrea levels (22.95, 14.57, 10.57 and 7.23 mg % for treat-
ments 1, 2, 3 and 4 respectively). Blooa urea levels
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were %egatively correlated (r = .94) with surplus DP. §
'. - It appears that the shortage of DE in treatments 1, 2 and : g'
’ 3 caused deamination of surplus DP, resulting in for- ;
. j mation of urea and utilization of the carbon skeletons - .
' as a source of energy. ) :
: There was a tendency for a reduction in digestibility of . P
- .+ fat and protein with increasing supplementary energy.
The digestibility of total solids and lactose equivalent ;
were significantly lower as the DE/DP ratio increased. 3
The DE for maintenance of the nonruminating calf was esti-
mated as being 176 kJ/kg of liveweight and 12.4 kJ of g
i ' &
DE/g of gain. - ' 4
. %
o : %
: .
0 B - n“: . t §
] - * \ ‘ . :
C ‘ ‘ / i
. . .
. : . e
. ‘
. N ' . 1 {
1: \ . A ; . -
. H
( v . s ; .§
. !
. /f‘ ' . E'
a . ¢ {
. . i
9 ' ) \ * ’ e ¢ g
g © — g 3
T [ - ¢ S
» Ed




B GRS, e 3 S e g W o PR ) M iSRS I P

R a2 . - P PR
\ ' o .
. - ’ . H
. . »
B . - . oy,

P e R 15
<
v
.
>
&
|
.
LI
=
<o}
st

.
B FRERRE s

 CHAPTER 7 ' o ’ w ' .

4 -
“ o
. B o
v -
‘ »

,QONCLUSIONS

tane 2T s

e ik o e

"Phase I

PR T e R
+
°
3
~
©

Durlng the flrst phase of research, colostrum inoculated

P T

with Streptococcusclactzs, a mixture of S. thermophilus

L e

~and Lactobacillus bulgaricus, and L. acidophilus, was

a2

compared with naturally fermented or fresh colostrum

g Bt

-
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in a laboratory storage trial and calf feediﬁg trial.

N . - o

+

. \ The fermentatien, as indicated by pH and titratable’

e

Aetal

,aQ%dlty ehanges and residual nutr1en¢ levels was most

v uTRE

é VT . effectlvely controlled by an 1nocu1at10n -with S lactis.

] . , The quick drop and then maintenance of pH ‘within 4-4.5 _
.o assured high palatability and daiformity of colostrum

: and minimized acid-sensitive contamination. Inoculation

X ‘:) ) with S. lactis had no effect on mold and yeast contami-

»
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‘Calves fed ;inoculated colostrum, exhibited higher average
'daily gain, higher cg}i\§tarter intake and lower inci-
._dencé’of'watery diarrhea than calves fed naturally fer:

B
s
~

E N

Y

, ] ' "mented colostrum.

Phase 11 o @ v

\

Second phase of experiméntation involved three colostrum
feeding trials, designed to assess calf responsertbulooo
ﬁbm!of\sorbic acid equivalent applied under various con-

iz
4

. ditions.

i
we

Colostrum containing sorbic acid retained its palatabi-
- 1ity throughout the 21 days of the summer storage period,
-and was free of surface molds in contrast with the obvious
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mold growth on the surface of untreated colostrum. Calves
fed sorbic acid treated colostrum stored during summer

had higher (P<:d.05) daily gain, and increased consumption*

of calf starter than calves fed untreated colostrum.

&y

No similar effects due to sorbic acid were observed during
winter trial when the ambient temperature was 10.5 ¥

1.2°C, and mold growth was inconsequential. Time of appli-

cation of sorbic acid did not affect the growth rate of
calves, or intake of calf starter. Sorbic acid can be.
applied at any time up to 4 days of storage to' S. lactis

fermented colostrum.

Phase  II1 . o

N

Laboratory experiment was conducted to clarify the mold‘
inhibiting and nut}ient“préserving properties of sorbic
acid. Sorbic acid was applied at day 1 or 4 of storage
at four levels (0, 1000, 2000, or 3000 ppm sorbic acid
equivalent), to S. lactis 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

Pf 1000 ppm of sorbic acid at day 4 resulted %n increased

residual levels of lactose and protein and elimination

of mold and yeast contamination, in comparison t6~;n—
treated S. lactis fermgnted colostrum. Visual charac-
teristics and odor of stored colostrum were greatly im-
prbved by the applicgtion of sorbic acid, especially ¥

during summer storage.

Phase 1V ' ’

Final ‘agdjustment of an unfavourable digestible energy to
digestible protein ratio in fermented colostrum, was
accomplished by direct supplementation at-the time of
feeding with a mixture of emulsified fat and cerelose.
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DE/DP ratios (kﬁ DE/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 ratios were
observed 'in calves fed the supplemented S. laetis-sorbic
acid treated colostrum. Blood urea levels were nega-
tively correlated with surplus DP. A significant reduc-
tion in the digestibility of total solids and lactose
equivalent and a tendency to reduction in the-digesti-
bility of fat and protein waslobserved in response to
increased DE/DP ratios. The equation Y (DE) = 8,326 + "
12.3 x (ADG) was constructed to describe the relatiénship

between the daily intake of DE (kdJ) and ADG.
\

Inoculation of colostrum with S. Zaetis culture, inhibi-—
tion of molds with sorbic acid and supplementation with

energy result in a more palatable, uniform and putri-

tious feed for neonatal calves.
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Table J - 1. Planned storage temperatures
. (Trials 1 and 2) )
" ' ¥
Planned storage temperature (C)'
,Sample Inoculant First 4 days Day 5 ~ 28 ’
- A S. lactis : 23 20 - .
B L. bulgaricus and '
¢ S. thermophilus 33% 20 y
c ’ L. acidophilus 33#* 20 . :
£
D None (natural fermentation) 23 20 ~ )
s E None s 4 4
" .
*For technical reasons, 33°C was used instead of recommended 37°C '
(Pelczar et al. 1977). v
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- Table I - 2. Gross chemical composition of stored colostrum (Trial 1)
- i Treatment and inoculant
. A B - c D E
- - S. thermop'nilu; - _ ’ Naturally
Item S. lactis L. bulgaricus L. acidophilus fermented _-None N
4 days 28 days 4 days 28 days 4 days | 28 days 4 days 28 days 4.days .
Lactose (X} 3.30 1.20 1.70 0.87“ 1.80 0.17 3.50 0.42 3.90
Protein (X) 5.12 - 5.20 - 5.16 - 5.10 - 5.00
? +
Fat (X) 4.36 - 4.36 - §.36 - . 4.36 - 4.36 °
. .
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Table I - ), Gross chemical composition of fermented colostrum on day 4 of storage period (Trial 2) , . E
Treatment and inoculant - . ) :%
A B . c ¢ D By
- S. thermophilus ’ K
Item Naturally A,
R S. lactis L. bulgaricus L. acidophilus fgmen:ed ‘3
-
- . ER
Total solids (%) 164.35a 13.00a,b 12.50 b 14.01a,b vl
T
Y10 tia t 206 tias z
. Protein (%) 5.15b . 6.72a : 6.19a 5.18b i
I o i o t 109 . ' ;

Fat (Z) 4.06

t+

Lactose (%) 3.4la

R T U ' 3.82
-~ .52 " . &0

1.61b . 1.63p

i

3.86
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7 . Table I - 4. Performance of Holatein calves as affected by microbial treatment of colostrum
. ,5:_ - Treatment and inoculant ’ .
1 <
T A B < C ) ) D
‘ S. thermophilus & Naturally +
Item 5. lactis L. bulgaricus L. acidophilus . fermented = = SE°
. No. of calves 8 8 B 8
- Daily gains (g): ) ‘
-~ = to weaning (25 da 8. ’ * Co*
: » 8 (25 days) 398.0 325.0 A5
to end of experiment - B . ’
(53 days) 582,0a * ’ * - 434.0b 41
] .. -
) ' Feed consumed (g): 4 . - i
- * a) starter/calf/day . - . . .
up to 25 days 439.0 * w 250.0 25
} up to 53 days 1131.0a * * 893.0b 62°
: * during week prior to . ha , ) .
weaning - §71.0 * * - - 478.0 44
K - -~ during week after 3
-t weaning 1063.0 b L 1107.0 111 )
’ \ P ' . -
\/ b) intake of colostrum R : .
1 up to weaning (litres) 49.5 12% °  24.5% - 49.5
H 3
% refused 9 58.6 16.2 L N
. ° . . *Experiment terminated prematurely. o ) -
: a,b Figures in rows having a different letter differ significantly (P < 0.05) X-
. ] o v
. . - < [ ° < R -
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: ) - . ’ . Table I = 5. Incidence of watery scours and increased rectal temperdture .
h ‘ L -as @ffected. by microbial treatment of colostrum
- . . R el - Treatment . :
3 - S . > vty
- v D S A e “ B . D . @
~ ®
T . ) - . Days 4 Days z Days 4 Days 4
- - - f
' . ’ Incidence of watery
. R scours (code 4) up ) U .
o to weaning* N 5 2.98 24 23.3 9, 8.65 8 4,76 .
.. y
, Rectal temgeratml:e .
- ©  above 19.4 Ch# . 8 4,76 . 48 46.6 17 16.35 8 4,76 e
*Physical appearance and consistency of feces characterized as watery scours agreed with the one
described by Larson et al. (1977).
” *kElevated rectal temperature above 19.4°C 1s conuideted'uuse for antibiotic treatment. )
. - All figures appearing in the table refer to calf-days in absolute terms and as a percent of total. © .
- ) The total period from birth to yuning represents 168, 103, 104, and 168 calf-days for Groups A,B, C
and D, respectively. \ . . i
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“Iable II - 1. Average ’c;:mpqsition of fermented col

©

i%\

Ostrum in grials U, 2 ands3 - ’

/ 5

3

Item
Ny <

> (summer)

2z

Trial 1 , -

; Traal 2
{(winter)

* .

of sorbate)

: Traal 3 (symet)
(time of application - . v

Control * Sorbate- -

- » o

Control

SO{!{!te Control Day 1

Day 4 d . .

Total ;olit;s (%) .
Total (N x 6.38) protein
Far (%)

pH -~

Titratable acidity (;1!) o

14.35 ‘) 14,001 -~
5218 - 5.5
. 4.06 -3.86

4.30-  4.54 .

.95 \éii% .94

" 13.86
5.32

3.86
" 4.98

/’) . -
14.12 15.1¢ 14.82

5.58 . 5.72  5.66
4,02 - 4,52 . 4.60
5.02 - 4.85 4.86
. .66 2 A T

14.46 . . —r
5.56' -
4.38
4,56 .

. .72 -
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Table II - 2, Effect of sorbic acid on

x

)

-

m;engs daily éaln and starter intake of calves in trials 1 and.2

-

). Average daily
20V starter

Average daily
208 starter

. Number of Starting "ADG up to consumption consumption
animals weight weaning up to weaning during 3rd week
{kY) (?) (g} - tq)

Trial 1 - summer: .
Control 18 41.04 ’ 199.0b 2139.8 410.6
‘Sorbate 18 37.44 " 300.6a 296.7 502.9
SE 20.8 20.4 38.2 :

Trial 2 - winter: ’

Ca#:rol 24 44,92 190.1 186.6 - 266.2
Sorbate 24 44.47 207.4 199.0 281.9
SE . - 14.4 9.9 17.0

a, b Means in columns

- i

3

-

-

e e

3

4

with different letters are significantly different

(P<0.05).
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Table II - 3.
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el

Incidence of watery scours and increased rectal temperature

SO L tis

as affected by presence and time of application of sorbic acid in trials 1, 2

Item

Trial 3 (summer)
Time of application of sorbate

Trial 1 (summer) Trial 2 (winter)

Incidence of watery
scours (code ‘4) up
to weaning*

Rectal temperature
above 39,40C**

L

* Physical appearance and consistency of feces characceri{zed as watery ‘scours were as described by Larson et al.' (1977).

cause for antibiotic treatment.

hold Elevated rectal temperature above 39,4°C was consider

PEZRTPE s

All figures appearing in the table refer to calf-days Ln absolute terms and as a percent of total.
period from birth to weaning represent:s 378, 504 and 224 calf-days

respectively.
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per treatment in experiments 1, 2 and 3
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Table II - 4, Effect of day 1 vs. day & application of sorbic acid on ADG and starter consumption in trial 3 ~
. Average daily . 4
L ADG up to Average daily 20)_starter "
N Number of Starting weaning 207 starter cons tion
: L . . \ animals weight {28 days) consumption in last week -~
“ . (kq) (g)— up to weaning prior to weaning .
gais ¢ : ‘ (@) (9) .l
- ’ Control 8 44.}1 78a 193 . 353.6 * .
Day 1 application 8 40.\9 24Bb 260 442.7
) s Day 4 application ] 40.6 239a,b 238 444, - -
SE 56 : 26 . 49,3 i
Q\ < .
a, b Values with different letters in the same column are significantly different (P<0.0 j. ,
' ° \ : S N : {
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Table i1~ 1. Hean effects of storage temperatura, day of application, level of application and sampling time, on nutritive valus of sorbie

acid treated colostrus,
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Hold and yeast " i
Titratable Dye binding Mold and yeast count (control _ . ¥
pH acidity Lactosa protéin N x 6.38 Tat count axclud ed) M - .
Summer Vinter Summer x\un:-x Su-ltxl Winter S\.—crz Winter Summur Winter Summer Winter Summer Winter Summar Winter ~.
Day of Aaa B,a A Ab A B - [ A8 3 3 "
Application 1 4,56 5.73 1.42 .39 1.08 1.75 3,53 -~ 3,54 5.17 5.12 &'.65 4,82 3.79x107 1.33x10
AL Bb A 3® 4 I ) Ab ) s s
* 4 4,37 4,97 1.41 WJ1 .97 1.67 ©~ 3.%0 3.64 5.18 5.09 4,74 4,92 1.16x107 6,27x10
st .030 .03z .45 ,012  .0%6 .09  .077  ,048  .0A7  .076  .034  .07T6 6.36x10° 2.49x10° g
{aval of A8 B,a Aa 3,a A 2.8 Aa 3 L A 3 6 '] i
application 0 .98 4,84 2.16 i %79 1.17 3.21 3.50 5.08 5.06 4.80 b, A8 5.24x10° 1.26x10
A B3,b A b B,db  A,ad 3b a,b b 4 5
o _ 1,000 ppa 4,14 5.19 1.88 .59 .91 1.58 ° 3.39 3.57 .12 5.08 4,64 4.79 4.93x10° 5.47x10
A,c a,¢ A,c 3, A,b,c 3,% b b 4 5 “ '
2,000 ppm 4,47 S.4l 1.37 »33 1,04 1.79 1,59 3.58 5.16 5.15  4.66 4,84 6,.76x10° 2,46x10 )
A,d B, e Ad B,c A,c .98 3,8 - 'y i s
3,000 ppm™ 477 5. .99 .53 1,13 1,75 3.44 3.62  S5.19 5,09 479 A.98 6.39x10° 1.67x10
se .15 .06 .023  .006 .028 .07  .039  .024  .026 .03 017  .038 3.18x10° 1,24x10° ’
- 1
Ed
Time of sampling A,a B,a A,a B,a AN 8,A a a , 5 s s )
day 4 5,40  $5.91 .61 W45 1,78 1.9 3.97  3.78 5,12 8.42  4.66  4.88 1.68x10° 4.91x10° 1. 53x10° 2.40%10°
A B A . Y .
1 4,75 5.4l .16 A48 R
- A, e B, ¢ A,e B,e ~ -
14 4,06 5,05 1,64 .59 . .
Ad Be Ad B,d : 7.12x10° 2.59x10%.2.69x1 0% 2:67x10°
1 2 3.9 5.02 2,28 .66
i Ae Be A B,a Ab  Bb  ADd  Bb P 6 2 5
. 28 3.85  5.01  2.3% 1 .21 131 2,89 3.37 S5.21 5.08 476 4.76 1/3Ix100 3,12x10° 2.05x10° 4.53x10” ¢
SE .007  .006  .009 .003  .00&  ,106  .086  .048  .042 080  .025 .00 6.61x10° §5.19x10% ‘ .
a,b,c,d,¢, values vithin season with differing postscripts were significantly different at P<0,05. Y L

A, B, values in rouws for colostrum components were significantly different at P<0.05.
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Table 1|~ 2. Simple effects of storage temperature, day of application, level of application and

sampling time jon pH, Titratable Acidity and Mold Count of sorbic acid treated colostrum.

&
TREATMENT- WINTER WINTER
Day of Level Sampling Day Sampling Day
applic: Applied 4 7 14 21 28 4 7 la 21 28
- ] 5.06 4.27  3.38  3.48_ 3.70  S.43 4,97 4.51-—4.58  4.63
1 2 5.56 4,91 3.82 3.45 3.62 6.08 5.60 529 5.27 5.32
1 3 5.87 5.23 3.96 ‘3.60 3,73 6.38 5.91 5.65 5.68 'S.Gi
pH ! 4 5.99  5.31 4.86 4.31 4.25 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 3 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  4.37  5.82  5.26 4,78 4.71 4.74
. - 1 0.74 0.95. 2.97 3.13 3.03 °0.57 0.62 0.72 0.8% 0.97 )
1 2 0.56 0.65 1.64 2.97 3.09 0.36 0.39 0.47 ,0.53 0.60
1 3 0.42 0.52 1.50 2.75 2.73 ©0.29 0.32 0.35 Q.36 0.46
Titratable 1 4 0.39 0.52 0.78 1.27 1.49 0.28 0.30 0.37 0.38 0.46
Actdity (Z) 4 2 0.73 0.93 2,43 2.90 2.89 0.57 0.63 0.75 0.81 0.8l
'_ 4 3 0.75 0.88 l.l1& 1.43 1.65 0.54 0.6l 0.76 0.82 0.84
) 4 4% 0.73 0.88 1:03 1.29 1.5 0.5 0.5 0.74 0.83 0.83
- 1 265.2 - - 4,825.0 10,625.0 1,995.0 - - 16,550.0 19,150.0
1 2 25.0 - - 0.0 0.0 1.5 - - 10.0 73.1
1 3 8.1 - - 0.0 *0.0 1.0 - - 3.8 26:3
Mold Count 1 4 0.9+ - - 0.0 0.0 0.5 - - 0.9 2.3
(t0”) 4 2 2706 - - 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
4 & 331.8 - - 4.0 0.8 1379.0 - - 387.0 235.0 - -
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Table IIL~ 3. Significance of -Treatment Interactions

e

=

K ; ) Q Interaccions™ pH Ti;;i;il:;e Lactose Dy;r:i::ing N x 6.38 Fa‘t l‘ég‘l“:: (106)
S
PR \ ’ Stgni- SE sig. SE Sig. SE Sig. SE Sig. SE  Sig. SE Sig. SE
et ficance e -
"> 1 “ 2 way: -
- ; T *  .282 % .160 NS .013 * .112 NS .022 NS .004 NS 7.925
- . TxL * 104 * .238 NS .039 NS .042 NS .027 * 076 NS 1.703
i TxS * 190 % .86l *. 462 * .281 NS .052 * .073 NS 5.370
“ DxL *# .055 % .113 Ns 035 NS .72 NS .033 Ns .059 NS 3.175
- DxS ) * .013 L2467 % 422 NS - .046 NS ,000 NS .046 NS 1.965
, : LxS * .062 * .190 NS .056 NS .013 NS .01l NS .045 NS 6.972
3way:
R . ' THD*L * ,123 %  .197 NS .129 NS .022 NS .067 NS .094 NS 8.911
: TRD*S % .294 % 432 NS .088 * .193 NS .051 * ClIL NS 7.203
T*L*S 4 .09 * .615 NS .043 NS .035 NS .039 NS 5068 NS 9.328
! . DAL*S # 077 % .384 NS .03l NS .056 NS .023 NS .051 NS 11.423
; 4 way: ) -
E THD*L*S * 140 # .587 NS .200 * .075 NS .08l NS .0B0 NS 14.747
S T pe0.05 - ) :

. i ;
“T-Storage Temperature; D=Day of-application; L=Level applied;_ S=Sampling time.
' , [
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Table V. 4,

Subjective agsssament of the stored coloatrua
e
Qbservad on storage day
Treatmeat 14 28
Appearance Appearance Appearancs
Day of Leval of
No. Season appli. appli.(ppw) Odour T X 3 Oflour T M 3 Odour T X . B
1 H - ] noldy, Yeasty 1/6 Yt = 5/6 ¢ wmoldy, ysasty /67 - 5/6 € »oldy, yessty. off 1/3¢C L/3VW Ldg
2 H ! 1,000 pleasant er = 3/8 U0 elightly acidic  1/6y = 5/6 C  pleasant, svest 1767 /6w 3/6¢C
3 s 1 2,000 pleassat /6y - 5/6 T slightly scidic 31/67 =~ s/6 ¢ distinct, chesss 1767 1/6W 4/6C
) H 1 3,000 pleassnt /6 = 5/6 U slightly acidic 1/67 = 576 ¢ distinct, chaese 16T L6 W &/6C
s S 4 1,000 svart, distinct /67 = 5/6 U  wweet, plassant /6 = 5/6 ¢ svast 16er 276V 36¢C
[ s 4 2,000 avest, distinct 1/6 7 = 5/6 U sweat, pleasant /6y = 5/6 ¢ svast” 1/6 P 2/6W 36 C
7 - 4 4 3,000 svest, distinct /6y = 5/6 U  wsweat, pleasant /6T - s/6 C sveat /6 ¢ = 5/6 C
] ] - /] yessty, woldy 176 ¢ 2/6 W 3/6 C ysaaty, moldy 1/6 € 3/6wW 2/6¢C yeasty, moldy, off 2/6 C 3/6W L/6C
9 w 1 1,000 pluasant 16 7 = 5/6 UV alightly acidie 1/6C 3/6W 2/6C slighrly acidic 1/6¢C Mew 2/6¢C
10 W ) . ,
1 2,000 pleasant 1/6 7 = 5/6 U0 slightly scidie 3/f6¢C - /6 W slightly acidic 1/6C 2/6 W 3/s¢C
u ] 1 3,060 pleasant U6F = 5/6 U slightly acidic 3Ys ¢ - 36 W wuscy 176 ¢ 2/6W 36 ¢
12 W 4 1,000 acidie Jj6c = 3/6 ¥ alightly seddle, I/6C 3/6W 2/6C slightly acldle Uys¢ /6w 39/6¢C
off
"1 . W N 2,000 slighely scidie 3/6C = 3/6 W slightly acidic ifsc - 3/5 W slightly acidic /6 € 2/6 W 3/6C
14 v 4 3,000 slighely acidic 3y6c ~ 3/6 ¥  slightly actdle 2/6 € 2/6 ¥ 2/6 C  #lighely acidic 16 C 206w 6 C
Legend: ) -
7 - yallov (f2t) layer - ,
C « curd ) " +
W ~ whry - -
U ~ unchanged ’ - . Z
T = top X
K « middle - i
N acy
3 « dottom I A .
* fraction before the letter pertains to the -
proportion of the atorsge container,
&
»" ) " Seae - e e . N o BT Bt i.»avux.» PO

B e
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L TablelV - 1, Level of energy supplementation of Fermented colostrum diets

-

€/
£

f

“ ;(\'11 .\

R
Total Total
Supplement estimated estimated Estimated
e Colostrum/ Cerelose/ Fat concentrate*/ DE intake/ DP intake/ DE/DP
R ' Treatments - calf/day calf/day calf/day calf/day calf/day ratio:
4 L (kg) (g) - (&) (k) (8) (k3/g)
T « Colostrum ' 2.5 .- - 8,635.8 134.3 66.3
2. * ’
Coloatrum and v
1/3 supplement 2.5 58 67 9,786.8 118.1 T 82.9
! ’ ’ #
Colostrum and } R ,
: 2/3 supplement TS 16— 13 . 12,6265 1275 - 97.5
4 . e ‘ -
: , Colostrum fully S ' . o, .
| \ supplenented: 2.5 174 <= 201 13,610.6 wr.2% - 127.0
) ' * Contains 60X fat (of which 2% {s lecithin) nnsdz nilk protein. N )\ : ’
v' ; i . . .
' ¥ - . .
. » N . . .
0 . ! 1 - R 4
’ 7 /- AN r <
¢ v s a :
- ’ s\ —_— s

ot



- Table v - 2. Colostrum fermentation characteristics : Tt

A

eg

e

e e A

Item " Day

Treatments

SE of means

™ ¢ 14

21

1

Titratable 7

acidity (2) 14

a1

4,36
4.22

4,06

3.78

.96

1.08

= 1.81
2.29

4,55
4.14
3.84
3.67 -

1.01
1.52°
2.25
2.70

4.55
4.28
3.96
3.85

.98
1.14
1.76
2.03

-

.08
.08
.02

.10

.14
.16-
<27

.23

Aot L e F e x

€6

. .
R ks B BT s P
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e

Condy

St eedadiel



"

s

T e e w00 nl . S0 s

a

) ~ ~—
Table IV - 3,-Chemical composition of fermented colostrum prior to supplementation .
3 1Y
‘{’reatmencs -
R s . .
SE of
Analyses 3. 4, nteans
Day Day Day Day Day ay. Day Day Day Day
: 1 21 1 21 s 1 21 ) 1 21 1 21
Total solids (Z) 15.7 14.4 14.8 13.5 15,6 l]]lt.o 15.1 13.7 244 53
Protein(Nx6.38) (%) 6.8 6.1 5.8 5.7 6.5 . 6.1 5.7 5.5 .38 .41
Fat (%) 4.y 4.6 4.3 4.3 66 4.5 4.4 4.8 <24 .23
Lactose (%) 3.2 2.! 3.3 ray 3.1 1.8 I3 16 .30
Ash (%) .90 .92 .90 .88 .91’ | .93 .93 .93 .02 .02
NPN (2) .37 .82 .42 .78 48 1.02 T8 .72 .02 .01
s
- N . : )
B - ! B .

R T " SNC A b g e R B RS W 0

PR TR

.

§ ot o

Bar A drAwt, A

Lo e

S g AN e g T A homd bt MRS AT By i S L s
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Table W - 4. Average daily intake of digestible energy and digestible gr

’ - H

otein by calves

B

s
a
'
4
UF wfae

e

|
k‘i”:"’"h pra

\
&
ol

.
.

L

Ve T

,
SRR

S

Lttt L e 307 e

Averape daily nutrient intake per calf up to weaning DE/DP \ : - ‘
5 L7 40 . co
N - Estimated DE (kJ) Estimated, DP (g) 3 - .
b
. Treatments offered consumed offered consumed offet ed; consumed , . ‘ i X
T . “ . 1
« s ) (37 /) ) k
1 - o 8,636 8,021 . 134 123 64 .4 65.2 - . 3
2 9,786 9,276 i 118 oo - 82.9 - _83.6 ‘ , |
) 3 12,426 11,155 . 128" ° 1N . 97.1 100.5 - . ) " ‘
: ' 4 13,606 12,389 107 97 127.2 127.7 - 2
) . SE 515 B 1]} 9.5 . 103 , M i
. . . ° | ; . . -1
- = - I - N -
- ‘ . & * i
FE - = ; . el 3
- . . « T N ’ - . P - ::
- T - I 1 : 'jr.
) ) , i
‘ D-. . N ‘ - 5
. e . . . L .« .
e ‘ ~ - : N v . ’ . f
¢ - o= . : =z s - N ' —v
L & . . . &
* . - . o L
¥ : %
. % ~ - . - - £
x, ~ . } z - > :f'
- R | ~ R N ‘é
. . . o - l;
~ i - ) N ) ) \}/ ] o %
- . ’ K ( . - N R ) R . , . v :;'::
& - - . - : 4
o @ i ~ »-uu--,-»o«-;»;«q B N Y - P o - i i} "»S At .

T A R

P T T ™

M;WL »‘*‘ Qe | P L YoRacth - vk
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.. Table |V ~ 5. Rate and efficiency of gains by calves

- Mid-trial Maintenance® Potent_ia.l ADG*s Actual cP/gain

- ave. live- Requirements based on available ADG

weight of . a
Treatment calves DE ) 4 DE - DP
§xg) () ® @ (8) () (/1000 g)

- 47.9 9,410 T 28,7 2100.5 592.2 15.9% 9,095"
S DR ¥ /9,061 ‘277 15.3 . 5206 103.2° 1,355°
’ C 485 9,117 27.8 147.8 522.8 176,6° 849
- 8.7 9,577 29.2 203.8 s20.2 3.8 0 eadd
SE 2.5 D ‘ 15.7 144,

°

*aiatenance requirements used were 196.6kJ (47kcal) of DE and .6 g ‘of DP per kg of liveweight.
%« Production requirements 13.8kJ (3.3 kecal) of DE and .16 g of DP per graa of gain (Jacabson 1969).

&
a,b,c,d Means within columns with different lecters.were significantly (P<0.05) different.
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"‘ . Table IV - 6. Apparent digestibilities (X) of dry mattd}t, protein, Eai’, lactose equivalént* and ash
% - - i )
Rl - . . @
o« - Treatments . . .
o - = £
:“f . Digestibility Colostrum and Colostrum and Colostrum ' " SE-of
~" coefficiénts Colostrum only % 1/3 supplement 2/3 supplement fully supplemented means
N N T
_ Dry matter - ” 89.9" 8s.1%? 83.s8% IR 2.86
Protein ' 85.9 78.5 74.8 67.6 4.59
' Fat 96.7 84.4 85.3 9.2 °° 7. 5.08
. § Lt Lactose equivalent 90.8% \ 94.4" 91,5" 83.4° 2.07
, : Ash 82.1% __15.0%Y 681" 61.5° 3.72
e . P
‘* e s : a,b Means within rows with different letters wvere significantly (P<‘0.05) different.
- “ ) *n Lactose equivalent represents the difference between total solids and the sum of protein, fat and ash in i
T, . colostrum, It is assumed that it includes lq:tose and lactic acid.- . -
. L7 [ S . .
N - v ) i . R . . i

N N .o - s it N 2 . ”

R ‘ . . . " -

. T . - - Eha 3 . . ’ ' -
- " . b . N - : « . ) A ) . " ’
? w - ; .-F - - « ) ~ . ) o ’ .

Tagmngan 1

I3

ao

[T S B T
3
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B TR AT

. Serum élucoué

T ———Serur-ures

. 70.8 .
22.95"

83.7
1&.57b

88,0
10.57¢

81.7
7.23°

N v - P - 4 "~ N ™ -
- - o N . £ . ,
ee ol o £ S i J(J'
) PR - - & - b h," o . P
; . « . * . :' ) . ~3 - - ) &»v N e Tne ~ - N . v » R
- r =, u o i - " * : .
- : g m— =L S, i .
- B .‘59, - wm X - . ’ - T e T -a . . .
. e - - Table lV - 7.-Calf blood parameters at day 21- i .
T, R . ) . - - .
i ‘ - - - . Treatments r . . -
_ ) o 1 . 2 <3, S ’
s - . . . °  Colostrum and Colostrum and Colostrum " $E of
; Item ‘- Cologtrum only 1/3 supplement o 2/3 supplement . fully supplemented means
B . ' (wg/100 ml) "~ (mg/100 m1) (mg/100 ml) - (mg/100 ml)

1
- I N
k3
“ B K}
Y. - N
e - s ©
° <
‘
IS -
B
-
. -
“
; -
v e ‘
o™ t =
. - - _
.
~ .
. _ -
T e e - -

N ’ - a,b,c Heans within rovs with different letters were significantly (P<0.05) qiffefenc.
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ABLE 4-1 ) SUMMARY OF THE MAIN PERFORMANCE PARAMETERS
- IN TRIALS 1-2, II-1, II-2 AND 1I-31
4 ' TREATHENT CONSUNED PER CONSUMED PER TATIO OF RATIO OF
1 DAY OF calf/day kg of gain DE (kJ): DP (g) DE cons.
STORAGE TYPE OF APPLIC. DIGEST. DIGEST. DIGEST. DIGEST. IN THE IN COMP. STARTER:
PHASE TRIAL TEMP. FERMEN. OF SORB.AC. ADG PROTEIN ENERGY PROTEIN ENERGY COLOSTR. RATION COLOSTR.
. 3 -
: . (g) (g) (MJ) (g) (MJ) ,iw
~S:‘k N ~ / - P4 e
i I 2 S* N*# - 325 131 9.8 402 30.0 68.3 ° T74.1 1:1.5
i T I 2 S s.ZL. - 398 153 12.0 383 30.1 71.4 78.4 1:1.07 ,
R 11 1 K] s.L. - - 199 123 9.4 . 619 47.0 71.1 76.0 1:2.14
II d S S.L. 4 301 139 10.1 460 33.3 65.4 . 72.6 1:1.58
11 2 w © S.Z. - « 190 118 8.4 618 44.2 66:3 T 71.4 1:2.41
11 2 w S.L. . 4 . 207 132 8.9 . 636 43.0 61.8° 67.6 1:2.41
II 3 S S.2. - . 78 105 8.1 1,347 103.6 72,7, 76.9 1:2.18
11 3 LAL 1 248 123 9.3 42(13 37.4 69.9 75.5 1:1.72
II . 3 S . 8.¢. 4 239 124 8.7 916 36.5 .63.8-. 70.7 1:1.79
ple '
b
1 Roman numeral pertains to the phase of research, Arabic number to the pariicular trial. s ’

= - f a -

* § = Summer, W = Winter.

** N:= Natural, S.{. = Streptococcus lactis

“ h v e - B N - [ PR .
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APPENDIYX 1 |
s l PRACTICAL IMPLICATIONS . ~ i

H

(a) Step by step procedure kAppendik 2) for farmers was prepared
“and distributed at the occdsion Qf Eastern Ontario Dairy Day,

1978. o T
(5) Approxidgteiy 350 calves were raised ;t Kemptville Cbllege
of Agricultural Technology on yarioﬁs fermented colostrum
programs, of whicﬁ only one was lost prior to weaning. Low
incidence of digestive disorders, characteriéing the fermented
colostrum feed;né system, described in.Appendix:Z: seems to

be an additional feature of the system.

-

"(c¢) It is estimated that approxima?ely 60 farmers in -Ontario are

applying the program-in its entirety (inoculation with S. é
- lactis and application of. sorbic acid). ' .

°

- 4
(d) It appears to be an ideal system for raising Holstein male

»

Daily intake of nutrients from colostrum was calculated so

v

that it meets approximately the maintenance requirements of
newborn calves. As the daily allotment is fed once a day, the
‘abomasum remains devoid of colostrum for approximately 16
hours per day. All this results in early intake of calf
starter. The reticule-rumen is functioning eardy (2-3 weeks).
and the calves are known for highly efficient conversion of ‘

inexpensive solid diet into gains. -
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calves, destined for a heavy calf production or feedlot stockers.
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APPENDIX 2

FERMENTED

e At A, e @hal &
°

AY

COLOSTRUM FEEDING - STEP BY STEP PROCEDURE

Immediately

with iodine

"first colostrum. .. 1

- Obtain a 16 gallon plastic pail,

gglf should
reparation

after birth, the calf's navel should be disinfected
The
and E

and 1 ml of selenium and vitamin E combination as

or an organic disinfectant such as Hibitane.

be given a 2cc (ml) injection of vitamin A, D,

prdtectiqw against White Muscle Disease.

‘ —-_As soon as possible,

o

preferably within 2 hours after birth, make

sure that the calf sucks itS mother to get a good feediné of the

- Following is the feeding schedule up(to weaning:

7

4 s

-

. Fresh | Streptococcus Lagtis Mixed 18%
Day Colostrum Fermented Colostrum Hay Starter
A M, P.M. A.M. P. M.
1st sucking | 4 1b
3 - N o >
Zgg 4 1b 4 1b ! .
3rd 4 1b 4 1b ' . §
4th 4 1b 4 1b R ,
Sth 5 1b 5 1b free frée*
. : o - ~{choice [choice
6th
up to
25tp .1 51 °

* To encourage the jntake of starter, offer 1t occasionally

by hand for igrst few days.

thoroughly cleaned and disinfected.
During the first four to five days of the“calf's life,

stored in theé plastic pail.
for successful calf weaning.

“

N

with a 1id, and make sure it is

the sur-

. plus colostrum from the calf's mother/shouldabe collected and

About 110 to 120 1bs will be needed’

Most cows will produce upwards of

150 1bs of unmarketable but extremely nutritious milk after -

. ca1v1ng.
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- To ¢nsure the correct fermentation, ]ead@nh‘to more palatﬁb]é,

: uniform and ‘well preserved product, add one cuﬁful of Streptdcoccus
z lactis cultured buttermilk to the first surplus colostrum. This
is ordinary buttermllk which can be‘purchased at any dairy or
daify bar. Keep the colostﬁum at 25 - 32 C for first 4 days and

at 10 C or lower thereafter

X : &
- To keep the surface mald growth under control and increase the

daily gains of calves, adqd 0.1% of potassium sorbate to the

volume of colostTum and mix it thoroughly.” for 120 lbs”of colo-
strum you shodﬂd add approx1mate1y 556+ g or. 2 ounces of potassium

&i ' sorbate. (For‘detalls, contact Kemptv111e College of Agrlcultural

- Technology, Animal Science ngtlon).

1
i‘ . i
. “ @ o t

U .
-~ . - - It is best to have separate containers for the colostrum for each
cow. Normally, this would be-fordthe first 6- - 8,milkings. 1t

is not essential that calves be.restricted to their own mother's

colostrum. L . \u “ . :
] _(4) . From day 5 to day 25: fermented éolostrum is the Squ "'milk" b
~ fed. Whiie once .a day feeding has given satisfactory results,
‘twice a day feeding may be more acceptablea Feed 3 1bs’ of
fermented colostrum twice a day. Add 2 1bs of hot water as 1t
is‘necessa;y to warm it fo body temperature. On the once a day
feeding do not dilute the colostrum with water, but dip the pail
“into anothér container with hot water. The capacity of a calf's
i . abomasum at an early age is.about 5 1bs. V

- At each feégﬁng tihe, the contents of the plastic container

E}rf:o ' &}
2 . s

5, ) should be thoroughly mixed so that the quantity fed will be of :
;l"é . . ) ¢ i
%ﬁ . uniform content. h
o N - §’
%& - T ‘ 3
X . = When the calf reaches 25 days of age, it should be consuming H
5 I sufficient calf starter (500 g/head/day), hay and water that: }
é!",a ' ' ' ;
o : it may be weaned. This may or may not be in accordance with :
f;: ~ the supply of fermented colostrum avallé?gjg% i |
' o ' :
it ] b“&x’! _y

- ngh quality palatable calf ‘starter and good hay should be’
oerred to calves at about 5 days of age Shortly after colo-

o ewhiat t
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Sﬁel]ed{Qprp (ground through 3" screen)
Barley (rolled) -
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300
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iﬁﬁ strum feeding, when the calf is still ‘looking for additional .
L ’ o b
feed, .it should be offered a handful of starter so that it will X

, . ; . ‘ . ‘ 2

get acquainted with solid food as socn as possible. Starter !

. which was found very attractive to calves on fermented ecolostrum E

has the following composition: h !

.Ingredient Lbs . i

o s

,
.
SR S e e L

-

Wheat Bran % ;J S
' Soybean 0il Meal ‘ ) 600

. . Molasses - -

PR Ao

S
P

Limestone ‘ » - to
Salt “ . '
|Vitamin ADE : “ : C 2 - 23

] ‘ L - . N
£, - R L r

L
(o}

[ N

‘ < s Vo . ¥
(ﬁ) The general texture of the mixture should be coarse rather than .
A fine. R T . | f
‘e ° ’ . - 4 * Y :
' - Calf pails used for colostrum and starter should be ¢leaned out _ f
daily so -as not to become musty with.old feed. ‘
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APPENDIX 3
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EFFECT OF TIME OF STORAGE AND LEVEL OF APPLICATION OF SORBIC ACIDON pH CHANGE
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APPENXIX 3
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