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Although experiments on the effect of inclusion of vegetable or animal fats in
synthetic milks (Wiese, Johnson, Mitchell & Nevens, 1947; Lofgreen, 1950; Kastelic,
Bentley & Phillips, 1950) or in milk substitutes based on dried skim-milk powder
(Gullickson, Fountaine & Fitch, 1942) have been made over a number of years, it is
only comparatively recently that milk substitutes consisting basically of skim milk and
added fat have been used commercially. This development has come from an increasing
interest in veal production which, especially on the continent of Europe, takes the
form of intensive production that requires a specialized diet of high energy content,
which at the moment can most economically be achieved by utilizing fats other than
butterfat. However, the type of added fat and also the method by which it is incor-
porated into the skim milk is of great importance owing to the sensitivity of the calf
to dietary changes, particularly during the 1st month of life.

Gullickson et al. (1942) obtained very poor results with homogenized-milk diets
containing 35 %, of either cottonseed, soya-bean or maize oil, but the animal fats,
lard and tallow, gave moderately good results and coconut oil gave an intermediate
response. These workers reported loss of hair, first from the face, ears and neck and
later from the cannons of the rear legs, of calves given the maize, cottonseed or soya-
bean oil. Bate, Espe & Cannon (1946), however, associated similar hair losses with
unhomogenized diets, whereas de Man (1951) found that diets containing unhydro-
genated soya-bean oil caused hair loss and development of eczema due to excretion
of oil through the skin, whereas hydrogenated soya-bean oil had much less effect.
Even when homogenized, unhydrogenated soya-bean oil has been found to cause
a poor rate of growth, rough hair coats and a high incidence of scouring and mortality
(Jacobson & Cannon, 1947; Wiese et al. 1947; Jacobson, Cannon & Thomas, 1949;
Murley, Jacobson, Wise & Allen, 1949; Barker, Wise & Jacobson, 1952; Adams,
Gullickson, Gander & Sautter, 1959), but diets containing hydrogenated soya-bean
oil have given results nearly as good as those containing butter oil (Murley et al.
1949).

Raven & Robinson (1958, 1959, 1960) have studied the nutritive value of palm oil
and palm-kernel oil for the calf, and have found the digestibility of both hydrogenated
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and unhydrogenated forms to be lower than that of butterfat. The hydrogenated palm
oil appeared to have a lower protein-sparing effect than the unhydrogenated oil; how-
ever, these oils were not compared directly in the same experiment.

The finding of Gullickson et al. (1942) that lard and tallow appeared to be well
utilized by the calf has been confirmed by many workers (Wiese et al. 1947; Blaxter &
Wood, 1951; Johnson, Hopper & Gardner, 1953; Hopper, Gardner & Johnson,
1954; Ritchey, Hopper, Gardner & Johnson, 1956; Thomas & Okamoto, 1956;
Bell, 1958; Larsen, 1958; Comberg & Gollnitz, 1959; Kliesch & Horst, 1959;
Kesler, Wilson & Moore, 1960), but Jacobson, Brown & Ratcliff (1959) found that
the incidence of scouring was higher with a diet containing lard than with whole
milk.

Lard and tallow appear to be of equal value, but Briiggemann & Barth (1959) found
that the digestibility of lard was superior to that of beef suet, although both were well
digested from 15 to 60 days of age. Hydrogenated herring oil has been used in Norway
(Homb, 1960), but the calves did not grow as well as those given butterfat, though
both groups were much superior to those given coconut fat, which caused severe
scouring.

Nearly all the diets containing added fats so far mentioned have been mechanically
homogenized since there is general agreement that for efficient utilization some form
of treatment is necessary to reduce the size of the fat globules. Kastelic et al. (1950)
found that, when a synthetic milk containing 1 9%, cottonseed oil was emulsified with
soya-bean lecithin in a Waring Blendor, a calf given the diet scoured within 2 days.
However, when a mixture of water, cottonseed oil and lecithin that had been homo-
genized at a pressure of 1800 lb/in? until the oil globules were 2 u or less in diameter
was given to this calf (now 12 days of age), the diarrhoea stopped within 36 h. On the
basis of this slender evidence it has been assumed that a fat globule size of less than 2 p
should be aimed at in milk substitutes for calves.

There is little doubt that the size of fat globule is of importance, for the smaller the
globule the greater is the rate of digestion, and with a large proportion of small
globules more protein may be adsorbed on the globule surfaces. The diameter of fat
globule in cow’s milk varies from o-1 to 1o with an average of 3—4u (dalla Torre,
1953; Ling, Kon & Porter, 1961), and cow’s milk that contains large fat globules also
tends to form a tougher curd than one containing small globules (Clements, 1949).
Recently, it has been suggested that rats given homogenized milk ad /ib. gain more in
live weight and utilize protein better than those fed on an untreated milk (Petrilli &
Agnese, 1960). Moreover, it has been suggested that the small fat globules of butter
and high-quality margarine can be absorbed intact, but other fats (olive oil and some
margarines) have to be emulsified first and are passed through the intestinal wall mainly
as fat degradation products and only partly as fine emulsions (Haubold, Heuer &
Rohusinskyi, 1960).

The use of emulsifying agents as an alternative to homogenization has been studied
for some years. Huff, Waugh & Wise (1951) observed a loss of hair in calves when
glycerol monostearate was used as the emulsifying agent in a diet containing hydro-
genated cottonseed oil, but when the diet was homogenized the characteristic alopecia
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was absent; recently Hopkins, Warner & Loosli (1959) have shown that emulsification
of coconut fat with crude soya-bean lecithin resulted in a very large increase in
apparent digestibility of the fat, and mechanical homogenization of the diet had no
additional beneficial effect. However, these calves were given antibiotics and the
digestion trials were not made until the calves were 2—3 weeks of age. Increased
digestibility of certain fats with increasing age of the calf has been observed by
Cunningham & Loosli (1954), Lassiter, Duncan & Christie (1957) and Briiggemann &
Barth (1959).

Hodgson & Murdock (1960) found that a milk substitute containing on a dry-matter
basis 109, stabilized lard together with skim milk, whey and buttermilk caused
significantly greater weight gains in calves when the lard was homogenized in the
buttermilk than when the fat was just physically blended, but they do not mention
whether an emulsifying agent was used. Both diets gave better results than a milk
substitute containing no fat.

In many of our experiments we have used margarine in a milk substitute and have
obtained apparent digestibilities of fat of up to ¢89, during the first 3 weeks of life
(Shillam, 1960). However, the mixture had always been homogenized at a pressure of
200 atm. It was therefore of interest to know whether lecithin could be used as a
substitute for mechanical homogenization and whether its inclusion in a diet had any
beneficial effect other than that resulting from its role as an emulsifying agent. In
earlier work (Aschaffenburg, Bartlett, Kon, Roy, Sears, Thompson, Ingram, Lovell
& Wood, 1953) it was shown that the inclusion of lecithin in the first two feeds of life
greatly increased the absorption of vitamin A, but this effect may have been particularly
marked during this time when the intestine was permeable to the passage of whey
proteins into the lacteals (Comline, Roberts & Titchen, 1951). However, it is known
that lecithin increases the rate of absorption of lipids in rats and in man (Adlersberg &
Sobotka, 1943; Augur, Rollman & Deuel, 1947; Tidwell, 1950).

The effect of soya-bean lecithin was therefore studied in three experiments. In the
first, two forms of soya-bean lecithin, a crude and a pharmaceutical grade, were
compared. They were included in a milk-substitute diet into which the margarine had
been mechanically homogenized. In the second and third experiments, mechanical
homogenization of margarine fat was compared with emulsification with lecithin.

METHODS
Plan of experiments
All three experiments were of randomized block design.
Expt 1. It was done in the early months of 1959 and consisted of three treat-
ments in each of six blocks, four of Ayrshire bull calves and two of Shorthorn, as
follows:

Treatment no. Basal diet Lecithin given
1 Reconstituted spray-dried skim milk None
containing 2 9, margarine incorpo- Pharmaceutical grade
3 rated by homogenization Crude grade
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Expt 2. It was done in the autumn and winter of 1959 and consisted of four treat-
ments in each of twelve blocks, eight of Ayrshire bull calves and four of Shorthorn,
as follows:

Treatment no. Basal diet Method of incorporating fat
4 Homogenization
5 Homogenization and emulsification
. . . . i e pharmaceutical gr: of
Reconstituted spray-dried skim milk ;'Zlct!}tlht; p grade
S o ;
6 containing 2 % margarine Emulsification with the pharma-
ceutical grade of lecithin
7 No emulsification or homogenization

Expt 3. This was done in the early summer of 1960 and consisted of two treatments
in each of twelve blocks, ten of Ayrshire bull calves and two of Shorthorn, as follows:

Treatment no. Basal diet Method of incorporating fat
8 Homogenization
9 Reconstituted spray-dried skim milk, Emulsification with the pharma-
containing 2z % margarine ceutical grade of lecithin before
reconstitution
Diets

Colostrum. Colostrum obtained within 24 h of calving from Shorthorn and Ayrshire
cows was used; 1-pint samples were stored separately in waxed-paper cartons at —25°.
Each calf was given initially 6 pints of colostrum consisting of 1 pint from each of six
different batches. Calves within each block received the same blend of colostrum, but
there were differences in the blend between the blocks.

Milk-substitute diets. The basal diet consisted of margarine fat and of reconstituted
spray-dried skim-milk powder that had been processed at a pre-heating temperature
of 7777° for 15 sec only and in which no apparent denaturation of the non-casein protein
had occurred (Shillam, 1960; Shillam, Dawson & Roy, 1960).

The margarine contained no additional vitamins and consisted of approximately
39 % groundnut oil, 24 %, palm oil and 37 %, coconut oil, of which a proportion was in
the form of hardened oil. The lecithin content of the margarine was about 0-003 9%,
but approximately o-18%, of emulsifiers (‘monoglyceride based on fully hardened
groundnut oil’) was included during manufacture.

For the diets used in treatment 1 of Expt 1, treatment 4 of Expt 2 and treatment 8 of
Expt 3, amilk of 20 %, fat content was prepared by homogenizing 2 Ib non-vitaminized
margarine into a reconstituted mixture of o-8 Ib spray-dried skim-milk powder in
7.2 1b water. It was made once or twice weekly, a maximum of 50 Ib being prepared
at any one time, and stored at 4° until required. A small single-action type of homo-
genizer was used, working at a pressure of 200 atm; a stirrer was fitted close to the
inlet so that the fluid entered the machine in a well-mixed condition.

Each 101b batch of the basal diet was prepared by reconstituting o-g 1b of skim-milk
powder with 8-1 Ib of water to which was added 1 1b of the milk of 209 fat content.

Lecithin. In Expt 1 two forms of soya-bean lecithin (American Lecithin Company
Inc.) were used: one, Alcolec S, a feeding grade in a carrier of soya-bean oil with a
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phosphatide content of 62-65 9, and the other, Alcolec granules, a pharmaceutical
grade made by repeated washing of the Alcolec S with acetone to remove the soya-
bean oil and containing 95 %, of phosphatides (J. Eichberg, 1959, personal communica-
tion). Before homogenization 47-8 g of Alcolec granules were dissolved in each 2 1b
of margarine used in the preparation of the diet given to calves on treatment 2 and
69-8 g of Alcolec S in each 2 lb of margarine used in the diets given to calves on
treatment 3. Thus the final concentration of lecithin was o1 %,

In Expt 2, only the pharmaceutical grade of lecithin was used at a concentration of
0-2%,. For treatment 3, 95-6 g of Alcolec granules were added to each 2 1b margarine
before homogenization. For treatment 7, each 10 Ib batch of milk of 20 9%, fat content
was prepared by stirring 2 Ib of the melted fat into o-8 Ib skim-milk powder dissolved
in 7-2 Ib of water; for treatment 6, 95-6 g of Alcolec granules were first added to the
melted fat.

In Expt 3, melted fat containing the pharmaceutical grade of lecithin at a concentra-
tion of 2 %, was poured slowly into the skim-milk powder as it was stirred in a Hobart
mixer. Stirring was continued for 5—10 min until the mixture became cream-like in
consistency; it was then cooled to 4°. This mixture was diluted with water to give a
diet containing 2 9, margarine and o-2 %, lecithin.

Each calf received 3500 i.u. vitamin A in the form of halibut-liver oil concentrate
and 700 i.u. synthetic vitamin D, daily, both vitamins being dissolved in arachis oil.
The diets were given in quantities that had been found adequate for a growth rate of
1 Ib/day when whole milk of 3:39 fat content was used (Roy, Shillam, Hawkins &
Lang, 1958).

Calves

The calves were reared for 3 weeks; collection and management were as in earlier
experiments (Aschaffenburg, Bartlett, Kon, Terry, Thompson, Walker, Briggs,
Cotchin & Lovell, 1949). If a calf scoured, the quantity of milk was reduced to that
calculated to maintain body-weight (Roy et al. 1958). When the consistency of the
faeces returned to normal, the volume of milk was increased to the normal daily
allowance. This practice was repeated when scouring recurred.

The mean dry-matter content of the faeces was calculated for each calf during the
experimental period from daily subjective grading of the consistency of the faeces on
a scale increasing from o (severe diarrhoea) to 7 (very firm faeces). The mean values
obtained from dry-matter determinations on several hundred samples of faeces were:

Grade o 1 2 3 4 5 6 7
Dry matter (9%) 5 7 10 14 22 26 28 32

Jugular blood was drawn from all the calves in Expts 1 and 2 before their first feed
and about 4 h after their morning feed on the 4th, 12th and 21st days of age. 'Total
plasma lipids were extracted by the method of Jacobson, Zaletel & Allen (1953). After
weighing the fat, vitamin A was chromatographically separated (Ganguly, Kon &
Thompson, 1947).
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RESULTS

Expt 1. The results are given in Tables 1 and 2. The addition of the pharmaceutical
grade of lecithin to the homogenized diet had no effect on the performance of the
calves. However, calves given lecithin in a soya-bean oil carrier showed a significantly
greater incidence of a high rectal temperature (> 102-8 °F) and, after adjustment for
differences between treatment groups in mean milk consumption and incidence of
scouring, a significant increase in live-weight gain/day. The relevant partial regression

coefficients with their standard errors were:
Partial regression

General coefficient with its
mean standard error
Live-weight gain/day (Ib) 0-690 —
Total milk consumption (pints) 15871 0-0081 1 0'0027*
No. of days on which scouring occurred 1158 —0'1924 + 0r0519¥%*

(values transformed +/(x+ %))

* Significant at o'o1 < P < o-05.
*% Significant at o'oo1 < P < o*0I.

As shown in Table 2, the addition of lecithin had no apparent effect on plasma
lipids during the first 12 days of life; the levels rose more or less uniformly throughout
the experimental period except for calves given the crude grade, which showed a fall
between the 12th and 21st days. With all treatments the plasma content of vitamin A
rose rapidly during the first 4 days of life, but this rise was followed by a slight fall to
the 12th day. The plasma vitamin A levels of the calves given the diet containing the
crude lecithin continued to fall to the 21st day whereas those of the calves on the other
two diets showed a slight rise; the difference was significant.

Expt 2. The results are given in Tables 3 and 4. Diets prepared without homo-
genization resulted in very poor live-weight gains; inclusion of lecithin in the homo-
genized diet had no significant effect on live-weight gain, but there was some sug-
gestion of an effect with the unhomogenized diet. After adjustment of live-weight gain
for differences between treatment groups in mean birth weight and milk consumption
the effect of lecithin was still not significant. The relevant partial regression coefficients

were:
Partial regression

General coefficient with its
mean standard error
Live-weight gain/day (Ib) 0423 —
Birth weight (1b) 26-26 —0°0121+ 0-0035%*
Total milk consumption (pints) 144722 + 0'0096 + 0-0034**

*# Significant at o-oor < P < o-o1.

No difference between treatments in the incidence of scouring was apparent, but
the estimated mean dry-matter content of the faeces was increased both by homo-
genization and by emulsification with lecithin.

Loss of hair on the head and legs was apparent to a marked extent only in calves
given the unhomogenized and unemulsified fat; unaltered fat was plainly visible in
the faeces of these calves, especially during the 1st fortnight of life.
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Table 1. Expt 1. Comparison of the performance (mean values with their standard
errors) of calves given homogenized milk-substitute diets containing two different prepara-

tions of soya-bean lecithin

Treatment no. and details

A
Ie N

1 2 3 Significance of
Lecithin in soya- difference
Granular lecithin bean oil carrier between
No lecithin (95 % phosphatides) (65 % phosphatides) treatments
No. of calves 6 6 6 —
Birth weight (1b) 840 +3'51 827 +3'51 750 +3°51 —
Total milk consumption (pints) 164°5 +4'42 1565 +4'42 155°1 +4°42 —
Live-weight gain/day (Ib) o077+ 0073 o0'57 0073 074+ 0073 —
No. of days on which calves scoured o (range o—1) 2 (range 0—6) 1 (range o—3) —
Dry matter in faeces (%) 230 +1°0 200 +10 22°0 +10 _—
No. of days on which calves had a o (range 0—2) 1 (range 0-2) 3 (range o—7) 3 > 1%
high rectal temperature (> 102-8 °F)
Adjusted live-weight gain/day (Ib)} 067 £ 0'041 0641+ 0039 076 + 0037 3 > 1+2*]

* Significant at 001 < P < 005.
+ Adjusted for differences between treatment groups in mean milk consumption and incidence of scouring.
1 Overall mean value for treatments 1 and 2.

Table 2. Expt 1. Comparison of levels of blood plasma lipids and vitamin A (mean values
with their standard errors) of calves given homogenized milk-substitute diets containing
two different preparations of soya-bean lecithin

Treatment no. and details

1 2 3
Lecithin in Significance of
Granular soya-bean oil difference
lecithin (959  carrier (65 % Pooled standard between
No lecithin phosphatides)  phosphatides) error of means treatments
No. of calves 6 6 6
Blood plasma vitamin A
(pg/100 ml):
At birth 3-8+067 3-5+067 3'5+ 0761 —
At 4 days 84 73 83 + 121 —
At 12 days 7:6 61 73 + 070 —
At 21 days 93 86 69 +1-01 —
Increase, 4th—21st day +r10 +14 —1'4 +o70 3 < 1% 3 < 2%
Blood plasma lipids
(mg/100 ml):
At birth 68 101 107 +130 1 < 2+43%]
At 4 days 182 157 196 +22°5 —
At 12 days 277 245 284 +36°4 —
At 21 days 324 329 280 +40°2 e

* Significant at o'o1 < P < o'05.

+ One sample not analysed. Missing value calculated by the missing-plot technique of Yates (1933).
1 Overall mean value for treatments 2 and 3.

ssa.d Anssanun abprquied Ag suljuo paysiignd 2900196 LNIE/6£01°01/B10"10p//:sdny


https://doi.org/10.1079/BJN19610067

https://doi.org/10.1079/BJN19610067 Published online by Cambridge University Press

J. H. B. RoYy AND OTHERS 1961

548

-uopdwmnsuod JIuwt pue JYSeM yiiq uesur Ul sdnoid jusuness) Usamlaq soouaIdyIp I0f paisnipy I
*S3UTI)BAX] 9SOY3 JO anjeA UBawr 2y} ajeoipul uls snjd e Aq pautof *sOU jusUNEIT) OMT, |

W< SN <t
el < S ‘yunl < ¥

wl <9 gl < Syl < t

Yel+¥ < 9+5§
Yebtg < S4+¥

frxal+9 < S4+¥
‘wanl <V a9 < ¥
“ernl < 5 449 < S

SIUIUBII]) UIaMIdq

2ouSIaHIp JO 20oULOYIUBIG

u2213 $20]D2

6to.o T ¥z.0

(V-0 aduer) 1

S.0F L1

(6—0 a8uex) €

¥§0.0F zz.0

91.£F r1.lb1

60.2F L.og
z1

uoneziusdowoy Io
UI3109] ON
4

gro.oFgt.0

(9~0 98uer)

S.0F 61

(o1-0 23ueI) ¢
vSo.0F¥ zt.0

91.£F f.obr
66.z2F z.9L
z1

Uy

9

6¥o.0 ¥ ¥S.0

(o1-0 o8uer) z

S.oFoe

(L—0 o8uer)
¥S0.0F LS.0
91.£ F g.z¥1
60.2F S.zl
z1

uoneziuadowoy
+ U0y
s

gro.0F SS.0

(L—0 98uer) 1

S.0F 61

(9—0 23uer) €
tSo.0 ¥ gS.0

9L.EF 9.9%1
66.2F §.S4
cI

uonezius8ouwoy

4

spoyrou quaiaffip Aq papiodioour vf auDSiDUL SWIUIDIUOD SIAIP INILISQNS-3]LM

~

S[lejap pue 'OU judUNBAI Y,

*100.0 > J 36 JUBOYTUSIS gy
‘10.0 > J > I00.0 38 JUBOYIUSIS 4
*50.0 > g > 10.0 3B JUBdYIUSIS 4

1(qD 4ep/ures 3ySrem-aa| pasnipy

(d, 8-201 <)

arnjeroduuay 109l ydiy e
PEBY S2A[RO YOIUM U0 SABD JO *ON

(%) soooey ur Jo3eW AI1(]

Ppaanods

S9A[ED YOTyM UO SAep JOo ‘ON
(qn) Aep/ured 3ysom-oarT

(syurd) uonndwinsuoo Ywr 18301,

(an) wySrom qag

S3A[ED JO *ON

Jo (sto11 pavpupys noyy ynm sonppo uvawr) aouvwiofsad ayy fo uostvduwoy -z idxg '€ 9qe(,


https://doi.org/10.1079/BJN19610067

https://doi.org/10.1079/BJN19610067 Published online by Cambridge University Press

*SIUBUIIESI) 9S0Y] JO 9Njea Urdw 9y s3eotpur udis snid v £q paulof 'sou jusuneony omJ, §
*3N[BA U3J1( UBOWE UI SIUSUIBAI} UIIMII] SIOUSISYIP I0] pasn(py |
*(£€61) sojex Jo anbruyoay jojd-Burssiw oYy £q paje[nojed anjea Surssijy] -pasijeue jou sjdwes su(y L

N

4

[P

g 2l < §
) _

3 §4l+S < 9+7F
g $ul+9 < S+¥
IOJ ?W+o < S++
2

X

3

wm w0 < LGS <Ly <t
W.. ‘Sxx0+5 < L4V
=3 Suxn9+S < L4V
8 -

-~ pu—

8 -

R

,m _

[

D

5

< SJUSWIIBST] UIIMID
-8 adusIayIp Jo sourdyrudig
S

3

R

L.EET

z.62F
g1z %
L9z

yr.oF

6£.0F
LroF
ofoF

suBsw

Jo I0519

paepuess
pajood

*100.0 > J 1B 1UBOYIUBIG yyn
*10.0 > J > 100.0 1B JUBOYIUSIS yx
*50.0 > g > 10.0 38 JUBOUIUSIG 4

sxux 1PV 1.0 8106.0— ‘onjea YiI1q uo skep ¥ 03 Yrriq woiy spidi] ewse[d UT 9sBAIOUI JO JUIIDIPI0D UOISSIIFY

Yz F 1 —
S€—
Sz Llbe
Sgr
gh1
€81

#9010 FV¥SPhoo—~
gf.oFg.z+
Lzt
6v.0F9.¥
.y
t.9
L.€

C1

uoneziusdowoy 30
UIYIOS] ON
L

z.ezF 124 222 T €9+ ezeFSE+ Isdep y—yiaq ‘oseozowr pasnlpy
€4 LL+ Lz 4 sAep y—y1aiq ‘ssearouy
S.1zF¥ ot 49-€2¥ S92z S.1zFS1€ sAep 12 1y
881 98z zbe sep 21 3y
og1 zze S61 sdep ¥ 1y
g¥1 Pt 891 g 3y

:(Jur oo1/3wr) spidi] ewserd poorg

‘anfea Y1Iiq Uo s£ep ¥ 01 YuIq woly Y unwelra ewse[d Ul 9sBaIoUl JO JUSIOLJA0D UOISSaIFoy

gEoF1.14 ob.oFCa+ 6t.oFt.c+ Isdep vt—paiq ‘sseorour parsnlpy
1.14 6.0+ L.z sdep v-11a1q ‘osearouy
6v.0T L.S J¥S.oF LS 6v.0Fg.S sdep 121y
z.§ 0.8 z.S sfep z1 1y
z.S 6.5 0.9 sdep ¥ 1y
1.¥ 0.§ €.€ yiaq 1y
1(ju oo1/87) v urweia ewserd pooyg
zI z1 z1 S3ATED JO "ON
UIYIeT uoneziuofowloy  UOLRZIUIZOWOR
pue Uniag
9 s L4

~

S[TBIOp PUE *OU JUITUILIL],

spoyraw Juaaffip Aq pav.iodious of auriwSivw Suruwinod s1a1p 2INISGNS-1u U2e1S S22 fo
(s40445 pavpuvis wayy ynes samywe uvow) 7 unuvpe puv spidy vusold poojq fo sjaad) fo uostvduoy) z 1dxyg ‘¥ 9Jqe],

Vol. 15


https://doi.org/10.1079/BJN19610067

550 J. H. B. RoY AND OTHERS 1961

Microscopic examination of the size of fat globule in the diets showed that the mean
diameter of the homogenized globule was about 3—4u, and that the globules in the
product emulsified with lecithin were probably of the mean size of 10-20u with some
as large as sop.

As is apparent from Table 4, lecithin at this level of o-2 9, significantly depressed
the increase in plasma vitamin A levels between birth and the 4th day of life. After
adjustment of the increase for differences in the value of vitamin A at birth by means
of the regression coefficient given in Table 4, the effect was still significant. The inter-
action of lecithin and homogenization was significant when the increase in vitamin A
levels from the 4th to the 12th day of life was analysed. However, the decline in plasma
vitamin A between the 4th and 12th days was significantly greater for calves given the
unemulsified fat than for those on the other three treatments.

Plasma lipid values on the 4th and 12th days of life were significantly increased by
homogenization, whereas lecithin was ineffective. The increase in content of plasma
lipids from birth to 4 days of age, after adjustment for the value at birth, was much
greater for calves given the diet that was both emulsified and homogenized than for
calves given unemulsified fat. However, the plasma lipid value for the 21st day
indicated that homogenization and emulsification with lecithin were having an antago-
nistic effect. Thus the increase in levels of plasma lipids of calves given the diet that
was both homogenized and emulsified was similar to that obtained for those given a

diet containing unemulsified fat.

Table 5. Expt 3. Comparison of the performance (mean values with their standard
errors) of calves given milk-substitute diets containing margarine fat incorporated either
by homogenization into reconstituted skim-milk powder or together with lecithin directly
into the dry powder

Treatment no. and details

- A ~ Significance
8 9 of difference
Homogenization Lecithin between treatments.
No. of calves 12 11
Birth weight (Ib) 813 +274 837 +2-98% -—
Total milk consumption (pints) 1497 * 191 1522 +208% —
Live-weight gain/day (lb) 049+ 0055 035+ o060t —_

No. of days on which calves scoured 3 (range 1-7) 3 (range o~s) —

No. of days on which calves had a —
high rectal temperature (> 102:8 °F) 1 (range o-5) 2 (range o-6) —

Adjusted live-weight gain/day (Ib)1 048+ 0033 0'36+ 00367 8 > g*

* Significant at oo1 < P < o-05.
+ Missing value calculated by the missing-plot technique of Yates (1933).
t Adjusted for differences between treatment groups in mean birth weight and milk consumption.

Expt 3. The results are given in Table 5. One calf given the diet in which the fat
was emulsified with lecithin died from an Escherichia coli localized intestinal infection.
As in Expt 2, the mean growth rate of the calves given the homogenized diet, after
adjustment for differences between treatment groups in mean birth weight and milk
consumption, was greater than that of calves given the diet in which the fat was.
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emulsified with lecithin. The partial regression coeflicients used for the adjustment

were:
Partial regression

General coefficient with its
mean standard error
Live-weight gain/day (Ib) 0°419 —
Birth weight (Ib) 8249 — 00196 1 0r0043%**
Total milk consumption (pints) 15091 0'0142 + 0'006 1%

* Gignificant at o-o1 < P < 0'05.
*¥ Significant at o001 < P < o'o1.

There was no difference between the two treatments in the incidence of scouring.

DISCUSSION

From the results of Expt 1, it is apparent that the addition of lecithin to an homo-
genized diet was of little beneficial effect, a finding in agreement with that of Bell
(1958). The slightly higher adjusted live-weight gain of calves given the diet containing
crude, but not the pharmaceutical grade of, lecithin was unexpected and may have
been due to some effect other than emulsification. Hopkins et al. (1959) considered
such a possibility when they found that crude lecithin markedly improved the digesti-
bility of tallow and coconut fat. Moreover, Allen, Jacobson, Ward & Zaletel (1956)
found that in calves given crude soya-bean oil, the proportion of linoleic acid in the
plasma total fatty acids was much higher than in those given a diet containing milk
fat, hydrogenated soya-bean oil or lard. However, Spalton (1953) has pointed out
that highly purified lecithin is not as good an emulsifier as the less refined grades.

The results of Expt 2 show that under our conditions mechanical homogenization
is a more effective method of incorporating fat into a reconstituted skim-milk diet than
emulsification of the fat with soya-bean lecithin. The use of lecithin, however, had
a slight but not significant beneficial effect on growth rate.

In spite of the often accepted opinion that unemulsified fat causes scouring, par-
ticularly in very young calves, the only evidence of digestive disorders in this experi-
ment was a slightly lowered dry-matter content of the faeces in the calves given
unemulsified fat. Lecithin significantly increased the dry-matter content of the faeces
and also largely prevented the loss of hair from the body that has been associated with
unemulsified-fat diets. From our observations, the loss of hair was caused by direct
contact with the unemulsified-fat diet and also with the faeces passed by calves
receiving this diet rather than being the result of a systemic effect.

Contrary to the results of Expt 1, in which only the crude lecithin caused a depres-
sion in vitamin A level from the 12th to the 21st day, in Expt 2 the purified lecithin
significantly depressed the increase in vitamin A between birth and 4 days of age.
However, the concentration of lecithin in the diets in Expt 2 was twice that in Expt 1.
The only other effect of treatment on plasma vitamin A level was a tendency for it to
be lower between the 12th and 21st days in the calves given the diet containing
unemulsified fat.

The level of plasma lipids during the first 12 days of life was increased in calves
given an homogenized diet, whereas inclusion of lecithin had no effect. After the
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12th day of age, it would appear that homogenization was of less importance, since the
blood lipid content of the calves given fat emulsified with lecithin was very similar at
21 days of age to that of the calves given an homogenized diet.

The results for live-weight gain in Expt 3 merely confirmed those obtained in
Expt 2, namely that a diet containing homogenized fat gave a better live-weight gain
than one in which the fat was emulsified with lecithin. Moreover, intimately mixing
the melted fat and lecithin with the dry skim-milk powder, as practised in the manu-
facture of some proprietary milk substitutes, gave results very similar to those obtained
by mixing the melted fat and lecithin into reconstituted skim-milk powder.

It is thus clear that under our conditions we have been unable to confirm the finding
of the Cornell workers (Hopkins et al. 1959) that mechanical homogenization gives no
additional beneficial effect over emulsification of a fat with lecithin. However, their
results were obtained with a diet containing coconut fat which had been emulsified
with a crude lecithin, and with calves older than those used by us. It must be borne in
mind also that a particular emulsifying agent may be more satisfactory with one type
of fat than with another.

To be of maximum value, milk-substitute diets should be suitable for calves from
4 days of age. Some reduction in digestibility and utilization of fat during early life
may have to be accepted for economic reasons, provided such diets do not predispose
calves to scouring and a high death rate. However, in our experience, diets that are
slightly inferior nutritionally to whole milk usually cause a very high incidence of
mortality once other predisposing factors, such as a build-up of ‘infection’ (Roy,
Palmer, Shillam, Ingram & Wood, 1955), begin to take effect. Thus, when a milk
substitute contains a relatively large amount of fat, it would seem advisable to use an
homogenized product during at least the first 2 weeks of life rather than one in which
the fat had been emulsified with lecithin.

SUMMARY

1. Ninety newborn bull calves were used in three experiments to study the effect of
inclusion of soya-bean lecithin in a milk-substitute diet, based on margarine and spray-
dried skim-milk powder, during the first 3 weeks of life.

2. In the first experiment, the effect of addition to a homogenized diet of a pharma-
ceutical grade of lecithin and of lecithin in a soya-bean oil carrier was studied. The
latter product gave a greater live-weight gain, after adjustment for differences between
treatment groups in mean milk consumption and incidence of scouring, and a greater
incidence of a high rectal temperature (> 102-8 °F) and lowered plasma vitamin A
and blood lipid levels between the 12th and 21st days of life.

3. In the second experiment, mechanical homogenization of the fat, emulsification
of the fat with soya-bean lecithin and addition of the fat without any emulsification
were compared. Homogenization significantly increased growth rate and the dry-
matter content of the faeces. Emulsification with lecithin had a slight, but not signifi-
cant, beneficial effect on live-weight gain and significantly increased the dry-matter
content of the faeces.
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The changes in plasma content of vitamin A between birth and 4 days of age and in
the plasma lipid content up to 12 days of age were increased by homogenization. By
21 days of age, lipid levels of calves given a fat emulsified with lecithin were as high as
those of calves given the homogenized diet.

4. In the third experiment, incorporation of margarine and lecithin into the dried
skim-milk powder gave a significantly smaller live-weight gain, after adjustment for
differences between treatment groups in mean birth weight and milk consumption,
than a diet in which the fat had been incorporated by homogenization.

5. For liquid diets based on dried skim milk and containing 29, of fat, it is sug-
gested that mechanical homogenization should be used in preference to emulsification
with lecithin, especially during the first 2 weeks of life.

We are indebted to Mr P. L. Ingram, M.R.C.V.S., Department of Pathology, Royal
Veterinary College, for making the post-mortem examination and to Mrs P. Plack and
Mrs C. Clough for their assistance in determining the lipid and vitamin A. We are
also very grateful to Dr J. Eichberg of the American Lecithin Company Inc. for the
gift of soya-bean lecithin.
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