Onderstepoort J. Vet. Res. (1965), 32 (1), 153-180

Printed in the Republic of S. Afr. by the Government Printer, Pretoria

JDIES C | SALIVARY LIPASE IN YOUNG R [s*

J. F. W. GROSSKOPF, Veterinary Research Institute, Onderstepoort

CONTENTS
Page
INTRODUCTION . ¢ttt ittt ittt et te et itieeeensannaaasennnasonnenns 154
2. IDENTIFICATION OF THE SOURCE OF ACID FORMED IN MILK DURING DRINKING BY
[0 51 - A 154
3. PROPERTIES OF THE SALIVARY LIPASE OF CALVES..1uuvuuuurnnnenseeveennnnnnnnss 156
(a) Tts action on various triglycerides.......ooiiiuiin i rennnrenaannnns 156
(b) The effect of pH on the activity of the salivary lipase....coovvenuevann. 159
(c) Determination of the optimum temperature for salivary lipolytic action... 140
(d) Estimation of enzyme COnCentration. ... ....v.eeureeernnneernnnnenenans i1
(¢) Comparison between milk and tributyrin as substrate for salivary lipase. . 3
FACTORS INFLUENCING THE SECRETION OF SALIVARY LIPASE BY YOUNG RUMINANTS. . 164
() The difference in lipolytic activity of saliva from young and adult ruminants 4
(b) The decrease in lipolytic activity of the young ruminant’s saliva with in-
CTCASITIE . o ettt et et te e e e ettt ee e e ite e tae et ttaeaennaeseanannnns 166
(¢) The effect of the ration on the potency of salivary lipase in calves........ 167
(d) The effect of various methods of stimulation of salivary secretion on the
lipolytic activity of the saliva.........oviiiiiiiiin it 168
THE GLANDS RESPONSIBLE FOR THE SECRETION OF THE SALIVARY LIPASE.......... 172
6. GENERAL DISCUSSION AND CONCLUSIONS. ..\ttt vuesaneennannennnroneenaeenennes 173
T SUMMARY - e et ettt ettt e e tease e ettt e e e et taamaeee e, 174
8. ACKNOWLEDGEMENTS. « ¢ ettt oo eaneannntannonenesnnsenasneraassaeunsannenss 175
9 ENCES s v vttt ee ettt eaeeseaaaseeeeoesaeanenecannsenasneaanasnsnns 175
10, AP PENDIX. .ttt et it ettt e e e ete e tee et eieesetnesnarseensstneetaeaaeaneenes 176

* Dissertation submitted to the Faculty of Veterinary Science, University of Pretoria, as
partial fulfilment of the requirements for the degree M.Med.Vet.(Phys.)—November, 1964

Received for publication on 15 March, 1965—Editor

153



















































STUDIES ON SALIVARY LIPASE IN YOUNG RUMINANTS*

TABLE 10.—The effect of carbamylcholine and neostigmine on salivary lipase secretion

in a calf
[vu— S — — - - — ‘/v' —— - i —T
Micromols of acid formed from
Saliva collected after administration of Date 4-5 ml of milk by 0:5 ml of
saliva at 37° C during 30 minu
Carbamylcholine....................... 25.1.55 | 183
Neostigmine. .......covveerrrrennnnnnnn. 26.1.55 \ 125
Carbamylcholine....................... ! 27.1.55 174
‘> 134

Neostigmine...........cooviinivennnn.. ’ 28.1.55

(iii) The effect of feeding milk from the open bucket or through a teat on the salivary
lipase secretion of a calf

It has been shown that the feeding of milk to calves from an open bu
did not stimulate the secretion of abomasal enzymes as readily as the feeding thrc
a teat (Grosskopf, 1959). It was expected that these two methods of feeding shouiu
have similar effects on salivary lipase secretion.
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G. 6.—The difference between the effects of nipple and bucket feeding on the acid formation in
five successive litres of milk drunk by a calf
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FiG. 8. —The difference in viscosity of five successive litres of milk drunk by a calf from an open
bucket or from a nipple

Conclusions: Teat feeding stimulated the secretion of salivary lipase more than
did bucket feeding. [t took the calf six times as long to drink 5 litres of milk from
the teat as from a bucket. The viscosity of the milk was increased in both instances
but more so in teat feeding.

A certain amount of secretory fatigue occurred during the drinking of
successive litre quantities. This gradual decline in lipase secretion was more evid
with teat feeding than with bucket feeding, but even so, more lipase was secre
during the drinking of the fifth litre of milk from the teat than during the drinking
of the first litre from the bucket.

THE GLANDS RESPONSIBLE FOR THE SECRETION OF SALIVARY LIPASE

Several attempts to isolate the lipase from the salivary glands of young ruminants
failed. Suspensions and extracts of the parotid, mandibular, buccal and sublingual
glands from calves, lambs and goat kids, extirpated immediately after slaugh
gave only negative results when incubated individually or in combinations w
cream or milk. A seven-day old lamb was then injected with carbamylcholine ¢
slaughtered five minutes later. On dissection of its head an accumulation or =
mucous secretion was noticed on the ventral side of the soft palate and it was decid
to include the palatine glands (glandulae veli palatini) in the test. These glar
proved to be responsible for the secretion of the lipase.
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Method: A seven-day old Merino lamb was injected subcutaneously with 0-25
m of carbamylcholine chloride and slaughtered five minutes later. The parotid,
mandibular, sublingual, dorsal and ventral buccal and palatine glands were extirpated

and cut into small sections. To each gm of gland 1 ml of saline was added . 1e
glands ground with a pestle and mortar. The dorsal and ventral buccal 1s
were minced together. The fibrous particles were removed and 0-5 gm 1e
more fluid extracts was added individually to 5 ml of cream and incubated in = water
b at 37° C for one hour. Similar mixtures were prepared with heate gland

extracts. Two mixtures, viz. mandibular plus parotid and mandibular plus palatine
glands were also incubated with milk. For these 0-25 gm of each gland extract
was used.

Immediately after incubation the mixtures were titrated with 0-025 N 1OH
using phenolphthalein as indicator. The smell of the mixtures was noted before
titration.

Results: The titration values obtained are given in Table 19 (see  pendix).
can be seen from this table, acid was only formed in the two mixtures containing
palatine gland extract. These two mixtures had a strong butyric acid-like 2l
after incubation.

Conclusions: The palatine salivary glands are responsible for the secretion of
the salivary lipase in young ruminants.

GENERAL DISCUSSION AND CONCLUSIONS

A salivary lipase is excreted by the palatine salivarv glands of young calves,
mbs and goat kids. [t hydrolyzes butyric acid esters of glycerol by splitting off
putyric acid. The reaction occurs fairly rapidly as proved by the fact that milk
~ecaping from an oesophageal fistula is already more acid than before drinking.
> optimum pH for the enzyme is lower than generally accepted for most lipases.
wydrolyzes tributyrin best at pH 4-5 to 6-0 and is only inhibited completely at a
of less than 2:4. The pH of the abomasum of young calves after a milk meal
- been found to average 3-5 (unpublished data) and it should therefore be possibie
tor the lipase to continue its action in the abomasum for some time after ingestion.
The enzyme was found to be most active at temperatures ranging from 37" to
42-5" C,

Serial dilutions of the lipase produced different amounts of acid in the same
substrate.  When the acid so formed was plotted logarithmically against the diflerent
dilutions a straight line could be produced. The amount of acid liberated from a
standard substrate could therefore be used as an indication of the potency of the
lipase.

No lipase could be detected in the saliva of adult ruminants. 1n an experiment
where saliva was collected from a few calves at varying intervals, it was four th
the lipase decreased with increasing age and that it was no longer present in calves
older than 77 days. Apparently the type of ration has a marked influence on the
secretion of the lipase by calves. In a group of calves raised on a diet low in fat and
induced to consume roughage at an early age, only insignificant amounts of lipace
could be found to be secreted by calves as young as 21 days old. On the nther har
a calf raised on whole milk only, secreted saliva with an unusually hi  lipolytic
potency at the age of 62 days. [t is therefore possible that a high fat intake may
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stimulate the secretion of the salivary lipasc or that the consumption of rougt
tends to inhibit its secretion. The impression was gained that the lipolytic ac'
of the saliva of calves fed on whole milk decreased rapidly as they consumed gr
proportions of roughage. Since it is well known that roughage has a ma
influence on salivary secretion (Clark & Weiss, 1952) it is possible that it also
some role in the secretion of this salivary lipase.

The sccretion of the lipase is stimulated by the drinking of milk when a gree
volume of saliva with a higher enzyme content is secreted. Drinking from a teat
acts as a better stimulus than drinking from a bucket. As milk drunk by ca
coagulates better with rennin than undrunk milk (Dukes, 1947) and nipple fee
stimulates the secretion of rennin more than bucket feeding (Grosskopf, 1959) it
is possible t t these factors may be jointly responsible for the finer coagula of
found in the abomasum of calves fed through nipples. The slower calves dr
their milk, the more acid is produced from it by salivary lipase. On one occasion
a weak calf drank its milk very slowly the day after the operation. The milk collect
from the oesophageal fistula was titrated with alkali about half an hour after ¢
lection and was found to contain the high level of 80-6 millimols of acid per li
more than > milk before drinking.

Cholinergic drugs markedly stimulated the secretion of the salivary lipase
causing an increased flow of saliva with a higher lipolytic potency. Anticholine-
sterases had a similar effect but to a lesser degree.

Secretory fatigue could be demonstrated where calves were given excessive
volumes of milk to drink. Under normal condition where calves are seldom fed
more than 25 litres of milk during any one meal this should be of little significa

As runr  ants are normally dependent on rations with relatively low fat le
they are not particularly well adapted to digest fats. In the young, however, t
diets may contain as much as 38 per cent of fat or more on a dry matter basis
they should be equipped to make full use of it. It is therefore thought that

salivary lipase serves as a supplement to the pancreatic and intestinal lipase du
the stage of high fat intake.

SUMMARY

I. The presence of a lipase in the saliva of young calves, lambs and goat k
has been established.

2. The lipase acts only on triglycerides containing butyrate groups.

3. The optimum temperature for the activity of the salivary lipase lies bets n

37 and 4257 C. It is inhibited completely by temperatures below 11 C and above
587 C.

4. The optimum pH for the enzyme was found to be between pH 4-5 and 6-
It was completely inhibited by pH below 2-4 and above 7-8.

5. A direct relationship exists between the potency of the lipase and the amount
of acid it will produce in suitable substrates.

6. The lipolytic potency of the saliva of young calves and goats has been shown
to decrease with increasing age. [t decreased more rapidly in calves fed high roughsoe
and low fat rations than in calves fed on whole milk only. In calves fed by =

~

conventional methods, the enzyme disappeared from the saliva during the third
month of life.
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