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Summary — Five-7 day-old Friesen bull calves, raised in Israel received twice a day a mixture of
40 g of soybean concentrate (65% protein) and 80 g of one of the following carbohydrates : glucose
{G), expanded (heat-treated) (ES) or untreated (US) corn starch. In the afternoon the calves re-
ceived in addition 400 g of milk replacer. Until weaning at experimental day 25, ES calves showed
better growth and food utilization than their counterparts. Daily weight gain for the entire growing pe-
riod up to slaughter was higher for the starch than for the glucose-fed group (P < 0.05 for ES vs G).
Heat treatment of starch increased its /in vitro availability to amylase and its in vivo digestibility. By-
pass of the rumen was complete in all G calves. In the ES and US groups, partial diversion of the lig-
uid feed into the rumen was evident. The G group showed hyperglycemia after meals, while almost
no increase in blood glucose level was observed after soy-starch meals (either US or ES).

calf / milk replacer / soy-protein / starch / digestiblity / blood glucose

Résumé — Utilisation de I'amidon cru ou traité a la chaleur chez les préruminants. 1. Veaux.
Des veaux israéliens de race Frisonne 4gés de 5-7 | ont regu 2 fois par jour un mélange liquide
contenant 40 g de concentré de soja (65% de protides) et 80 g d'un des glucides suivants : glucose
(G), amidon de mais traité a la chaleur (ES) ou non traité & la chaleur (US). Dans I'aprés-midi, les
veaux ont regu en supplément 400 g d'un aliment d'allaitement. Au sevrage, les veaux ES étaient
plus lourds que les veaux G ou US et leur indice de consommation meilleur. Le gain de poids moyen
quotidien durant toute la période de croissance, jusqu'a l'abattage, était supérieur dans le groupe
ES. Le traitement thermique appliqué a I'amidon de mais a amélioré sa digestibilité in vivo etin vitro.
La fermeture de la gouttiére cesophagienne était compléte chez les veaux du groupe G contraire-
ment aux veaux recevant de I'amidon. Dans le groupe G, une hyperglycémie posiprandiale a été
constatée, alors que chez les veaux ES et US la concentration du glucose dans le sang n'a pas aug-
menté apres le repas.

veau / aliment d'allaitement / protéine de soja / amidon / digestibilité / glycémie
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INTRODUCTION

The effect of expanding or pelleting the
feed on digestibility in ruminants is well
documented (Haenlein et al, 1962; Theur-
er, 1986). The effect of starch from differ-
ent sources, as well as the effect of heat
treatment of starch included in milk replac-
ers for veal calves, is also known (Mathieu
and Thivend, 1968; Toullec et al, 1973,
1979), but the above studies began with
calves weighing 60 kg or more and fed
about 2 kg of milk replacers daily. The ef-
fect of including different starches in milk
replacers for perinatal pre-ruminants con-
suming about 0.5 kg milk replacer daily is
not as well known. Improving the utilization
of feeds of plant origin used in milk replac-
ers may be of economical value. Dried
milk products are used extensively in the
production of commercial milk replacers
for rearing calves, kids and lambs. Young
calves fed milk or milk replacers ad libitum
can consume and digest enough nutrients
to achieve a daily average growth of 1 kg
(Marshall and Smith, 1970). The amount
of milk replacers fed in practice is limited
due to economic reasons.

The cost of milk replacers can be re-
duced in substituting feeds of plant origin
for some of the milk ingredients.

The digestive system of pre-ruminants
is adapted to the efficient digestion and
utilization of milk components. It was
shown by direct and indirect methods that
the capacity of young pre-ruminants to di-
gest and utilize ingredients from sources
other than milk is limited (Huber et al,
1961; Siddons, 1968; Siddons et al, 1969;
Ben-Asher et al, 1981).

Toasted soybean concentrate (65%
protein) may replace part of the milk pro-
teins; this results in some reduction of calf
performance. This reduction may be com-
pensated after weaning, when dry feeds
are given (Nitsan et al, 1972).

Contradictory reports exist regarding the
utilization of starch by pre-ruminants when
fed in liquid form with milk replacer. Poor
growth of suckling calves fed milk replac-
ers containing more than 10% of raw corn
starch was reported by Flipse et al (1950)
and by Noller et al (1956). Including 18.5%
starch in milk replacer for calves slightly re-
duced the digestiblity of organic matter
compared with whole milk, but growth was
similar in the 2 groups (Burt and Irvine,
1970). Thivend (1978) reported good per-
formance of calves fed milk replacers con-
taining about 20% starch, especially from 8
weeks of age onward. It was also shown
that substituting part of the lipids in milk re-
placer by starch improved growth and re-
duced adiposity (Thivend et al, 1979). The
utilization of starch from various sources
may differ and be affected by cooking.
Heat treatment of starch, which causes
partial gelatinization, increases solubility
and availability to amylolytic enzymes
(Schoch and Maywald, 1967).

The purpose of this work was to com-
pare the effects of the addition of raw vs
heat-treated corn starch in milk replacer for
young calves on growth, digestibility of nu-
trients, and rate of glucose absorption.

MATERIALS AND METHODS

Animals and feeds

Twelve Friesian bull calves, raised in Israel were
purchased from various dairy farms after they
had received colostrum for 3 d, followed by a
commercial milk replacer. At 5~7 d of age, the
calves were allotted to 3 experimental groups of
4 calves each according to body weight and
kept in individual metabolic pens with wooden
slatted floors.

For the morning meal (07 00 h), the calves
received a mixture of 40 g of soybean concen-
trate (65% protein) and 80 g of one of the follow-
ing carbohydrate sources: glucose (G), raw corn
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starch (US) or expanded (heat-freated) corn
starch (ES) (Galam Lid, Maanit, Israel), mixed in
1.5 | of lukewarm (37 °C) water. At 17 00 h,
400 g of commercial milk replacer and 120 g of
one of the soy-carbohydrate mixtures, described
for the morning meal, were offered in 2.5 | of wa-
ter. The commercial milk replacer was prepared
from milk products (skim milk and whey pow-
der). The composition of the milk replacer (% as
fed) was: dry matter; 95.6, crude protein; 26.3,
fat; 16.5, ash; 7.8, Mcal/kg; 4.7. Digestible ener-
gy was caiculated using the following factors: 4,
9, 4 kcal/g for protein, fat and N-free extracts, re-
spectively.

The calves were weighed at the beginning of
the experiment and on days 10, 17 and 25. After
weaning, they received a commercial concen-
trate (16% crude protein; 2 600 kcal/’kg). Its con-
sumption during the first 3 d was recorded for
each calf. Later on, the calves were kept in 1
group; they received a concentrate (ad libitum)
and hay (150 g/d), and their weights and age at
slaughter were recorded.

On d 13-20 of the experiment, the faeces
were collected in plastic bags, which were
changed twice daily, and their contents frozen at
—20 °C. On the same days, urine was collected
in plastic bottles containing 200 ml of 5% sulfur-
ic acid to prevent nitrogen loss. The pooled fae-
cal samples of each calf were homogenized with
water (1/1, bw/w) in a Waring Biender. Water in-
take was measured on the same days as the
faeces and urine were collected.

In order to determine whether all liquid feed
by-passed the rumen, iron oxide (2 g/kg dry
food) was mixed with the diets and rumen liquor
was obtained with a plastic tube connected to a
suction bottle, before and 15 min after feeding
on the 21st d of the experiment. The pH of the
rumen liquor was determined immediately and
the presence of red colour was recorded.

On d 22 of the experiment, blood samples
were drawn from the jugular vein before the
morning meal and at various intervals up to 120
min following the afternoon meal.

Chemical analyses

Dry matter, ash, total nitrogen, fat and starch in
the feeds and the faeces, and total nitrogen in
the urine were determined as described earlier
(Ben-Asher et al, 1981). Blood glucose was de-

termined by a glucose-oxidase method (Hestrin-
Lerner and Ben-Yonah, 1963).

In vitro digestion of raw and heat-treated
starch was determined by using pancreatic amy-
lase (Type 1-A, Sigma Chemical Co, St Louis,
Mo, USA) at a concentration of 0.5 mg/mi dis-
tilled water. The starch samples were prepared
in phosphate buffer (pH 6.9, 0.1 mol/l) at a con-
centration of 0.5%. After incubation for 10 min at
37 °C, the amount of reducing sugars was deter-
mined with Summer reagent (Bernfeld, 1955).

Statistical analysis

Differences between means were assessed by
Duncan’s multiple range test (Duncan, 1955).

RESULTS

The body weight of ES calves increased
linearly, from the beginning of the experi-
ment, while that of G and US calves in-
creased more slowly during the first 10 d.
Later on, the growth of all groups was par-
allel (fig 1).

., Body weight (kg)

¥ us

——c¢ =+ES

Days in experiment

Fig 1. Body weights of calves fed milk replacer
and a mixture of soy concentrate and glucose,
(G), heat-treated starch, (ES) or untreated
starch (US). Vertical lines = SEM.
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There were no statistically significant
differences in the performance of calves in
the different groups up to weaning. How-
ever, the ES calves grew and utilized die-
tary energy and protein better than the oth-
er 2 groups (table ). For 3 d after weaning
the ES calves consumed the highest
amounts of dry concentrate feed. The
calves were slaughtered when they
reached a mean body weight of about 420
kg. The ES calves reached slaughter
weight 23 d earlier than the G group (P <
0.05) and 11 d before the US group (NS).

Apparent digestibility of the dry matter
was highest in the G group; no significant
difference was observed between the ES
and US groups. Expanded starch was di-
gested better than raw starch (P < 0.05).
Apparent digestibility of protein was similar
in the G and ES groups and about 7% low-
er in the US group (NS). There were no
statistically significant differences among
the groups in fat or in ash apparent digesti-
bility. Nitrogen retention was highest in the
G group and lowest in the US group (P <
0.05). The ES group was intermediate and

did not differ significantly from either group
(table I1).

Water intake of the calves was about
5.3 I/d or about 9 I/kg of dry matter intake
and did not differ between the groups.

Diarrhoea was not observed and water
concentration in the faeces was 16-20% in
the different groups.

The pH of the rumen liquor was similar
in all groups before the morning meal. Fif-
teen min following the meal, the pH was
unchanged in the G group but dropped
markedly in the ES one. In the US calves
this drop was moderate (table Ill}). The
drop in rumen liquor pH occurred when the
liquid feed did not completely by-pass the
rumen. No marker was detected in the ru-
men liquor in any of the G calves. In the
ES group the marker was detected in all
the calves and in the US group in 2 out of
4 calves.

The faeces pH was lower in the calves
fed diets containing US or ES compared
with the G one, and the difference was sta-
tistically significant in the evening. There

Table 1. Growth, food intake and utilization of calves fed milk replacer and a mixture of soy-
concentrate and glucose (G), heat-treated starch (ES) or untreated starch (US) (means of 4 calves/

group).
G ES us SEM

Initial body weight (kg) 40.9 40.1 40.7 2.35
Final body weight (kg) 46.8 48.4 47.0 2.31
Daily gain (g) 236 332 250 52
Intake:

Digestible energy (Mcal) 66.9 67.5 67.2

Crude protein (kg) 3.58 3.58 3.58
Utilization:

Mcal/kg wt gain 11.3 8.1 10.7 1.65

Protein kg/kg wt gain 0.61 0.43 0.57 0.1
Dry concentrate intake

3 d after weaning (g) 4560 8872 541ab 143

Means in the same raw with different superscript letters differ significantly (P < 0.05)
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Table ll. Apparent digestibility (%) of feed ingredients by calves fed milk replacer and a mixture of soy-
concentrate and glucose (G), heat-treated (ES) or raw (US) starch (means of 4 calves/group).

G ES us SEM
Dry matter 92.4a 88.1b 86.00 1.48
Crude protein 82.2 82.2 76.9 3.07
Fat 91.1 90.7 87.4 2.96
Starch - 95.42 87.0° 250
Ash 81.7 80.8 81.8 2.39
Nitrogen retention 60.62 55.8ab 48.0° 3.14

Means in the same raw with different superscript letters differ significantly (P < 0.05)

Table Hll. PH of rumen liquor and faeces of calves fed milk replacer and a mixture of soy-concentrate
and glucose, heat treated starch or raw starch {(means of 4 calves/group + SE).

Rumor liquor pH Faeces pH
before meal after meal morning evening
Glucose 7.3+£0.16 7.22 +0.06 6.3+ 0.33 7.32+£0.28
Treated starch 7.2+0.23 4.9° +0.18 5.6+0.14 6.0°+0.13
Raw starch 7.3+£0.06 6.330 +0.43 5.9+ 0.31 5.8°+0.17

Means in the same column with different superscripts differ significantly (P < 0.05)

were no differences between the ES and
US groups in this respect (table ).

Blood glucose levels before the morning
meal were 80-80 mg/100 mi in all calves
(fig 2). After the morning meal, blood glu-
cose level in the G group increased mark-
edly and reached 196 mg/100 mi 2.5 h
post feeding. It resumed the basal level 6 h
post feeding. In the ES and US groups,
which were fed soy-starch mixtures in the
morning meal, the changes in blood glu-
cose levels were non-significant. In the
second meal, 6 h after the morning meal,
all groups received 400 g of milk replacer

in addition to 120 g of soy-carbohydrate
mixture. Blood glucose levels increased
markedly in all groups; 60 min after the
meal these levels were highest in the ES
group and lowest in the US one (NS), they
increased further 120 min following the
meal in the G group and reached 200 mg/
100 ml, similar to the peak reached in the
morning. In the 2 groups that received soy-
starch mixtures, the peaks were below 150
mg/100 ml.

Hyperglycemia in the G group was ac-
companied by higher secretion of glucose
in the urine compared with the ES and US



250

512
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0 100 200 300 400
Minutes after the morning meal

Fig 2. Blood glucose levels before and after
meals of calves fed the following diets: in the
morning, soy + glucose (G); soy + heat — trea-
ted starch (ES); and soy + untreated starch
{US). In the afternoon, milk replacer + one of
the respective diets. Arrow indicates time of af-
ternoon meal. Vertical lines indicate SEM. * Sta-
tistically significant from the other treatments wi-
thin periods, P < 0.05.

groups: 120 + 5.4, 15 £ 1.7 and 20 £ 2.4
mg/100 ml of urine in the G, ES, and US
groups, respectively, the difference be-
tween the G and the 2 other groups being
statistically significant (P < 0.05).

In vitro digestion of the treated starch
by pancreatic amylase was about 3-fold
higher than that of raw starch. The amount
of reducing sugars released from 1 g of
starch during 3 min of incubation was 250
and 82 mg, respectively.

DISCUSSION

The daily gains of the calves were 230-
330 g. These gains were low since the
calves received limited amounts of liquid
feeds, according to the amounts fed to
calves designed for beef production. How-
ever, while in practice calves are fed dry
concentrate and hay in addition to milk re-

Z Nitsan et al

piacers, the calves in the present experi-
ment did not receive any dry feeds in order
to evaluate the digestibility, utilization and
glycemia obtained by the liquid diets.

Heat treatment of starch increased its in
vitro availability to amylase. This was con-
current to about 10% improved digestibility
of starch in vivo, confirming the previous
results of Mathieu et al (1970). Improved
digestibility of starch was accompanied by
a 7% increase in protein digestibility and
retention which was not statistically signifi-
cant. A relationship between starch and
protein digestion was also reported by
Huber et al (1968) and by Thivend et al
(1979). The lower pH of the faeces of
calves fed starch could indicate that part of
the starch escaped digestion and absorp-
tion in the small intestine and was ferment-
ed in the caecum or colon. Intense fermen-
tation and thus high bacterial proliferation
could cause an underestimate of protein
apparent digestibility. A similar phenome-
non was observed in kids fed milk replac-
ers containing starch (Nitsan et al, 1985).

In young calves, milk by-passes the ru-
men and is diverted to the abomasum due
to the closure of the cesophageal groove.
Liquids other than milk may cause incom-
plete closure of this groove (Guilhermet et
al, 1973), and part of the liquid feed may
pass into the rumen. In the present experi-
ment using iron oxide as a marker, it was
found that inclusion of the starch-soy mix-
tures was accompanied by incomplete clo-
sure of the cesophageal groove. This was
also evident from the lower pH in the ru-
men liquor of the ES calves compared to
the other group as was reported for kids
(Nitsan et al, 1990). The passage of smalil
amounts of liquid feed into the rumen
could enhance the development of this
site. Indeed, during the first 3 d after wean-
ing, when food intake was still recorded for
each calf individually, the ES calves con-
sumed far more dry concentrate than the



Utilization of starch by calves 513

other groups (table [). This early effect on
food intake probably persisted since the
ES calves reached a slaughter weight of
about 420 kg 23 d earlier than the G
group, while the US calves were intermedi-
ate in this respect.

The post-feeding increase in blood glu-
cose levels in the G group was quite simi-
lar to that reported by Thivend and Martin-
Rosset (1971) for calves fed milk replacer
containing a mixture of glucides. Blood glu-
cose levels did not differ between the ES
and the US groups and were considerably
lower than in the G group, in accordance
with Natrajan et al (1972).

Although the in vitro study showed a 3-
fold increase in the digestibility of the treat-
ed, compared with the untreated raw
starch, the post-feeding changes in blood
glucose levels did not differ between the 2
groups. This could be related to the higher
amounts of ES trapped in the curd, caus-
ing slower release to the small intestine
and delayed evacuation from the gastroin-
testinal tract compared with the US
(Coombe and Smith, 1974; Golan et al,
1990). When calves were fed a glucose-
soy mixture, the high solubility of the glu-
cose was accompanied by a rapid flow of
glucose to the intestine, inducing a sub-
stantial rise in glycemia. It seems that
post-feeding blood glucose levels may re-
flect the rate of absorption of soluble car-
bohydrates but are not a reliable measure-
ment of total absorption or utilization of
less soluble carbohydrates, such as vari-
ous starches. The absorption of glucose
from starches may be delayed due to their
slower release from the abomasum or
slower breakdown by amylase. Moreover,
rapid absorption of glucose did not relate
to a better growth rate.

In conclusion, suckling calves receiving
160 g of corn starch daily, or 250 g of
starch per 1 kg of dry feed grew and uti-
lized feed as well as their counterparts re-

ceiving a similar amount of glucose, with-
out showing any ill effects or diarrhoea.
Heat treatment improved the apparent di-
gestibility of starch (P < 0.05). In the
present study suckling calves absorbed
about 152 g of ES and 139 g of US per d.
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