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Acetylation is a potential method for protecting dietary peptides from degradation by rumen
micro-organisms. As a first step in determining the nutritive value of acetylated peptides, their
disappearance in the small intestine of sheep and their ability to support growth in a rat bioassay
were measured®N-labelled peptides were prepared from lucerne which had been grown with
5N-labelled (NH,),SO, in the absence oRhizobium Peptides were prepared by enzymic
hydrolysis of the extracted protein. Two peptide preparations were made using different
proteinase mixtures. These mixtures contained peptides with an average molecular weight of
559 and 522 Da. They were treated with acetic anhydride, which resulted in 85 and 88 %
modification respectively, and their uptake from the small intestine was determined by injecting
1g of untreated or acetylated peptides in a Cr—EDTA solution into the jejunum of two sheep
fitted with jejunal catheters and ileal cannulas. lleal digesta were collected and analysed for Cr
and®®N. The uptake of dialanine (Afrand N-acetyl-Ala were compared in a similar way. The
disappearance dfN from lucerne peptides was high (88 and 93 % respectively) and this was not
affected significantly by acetylation (86 and 87 %). Corresponding values fera@li N-acetyl-

Ala, were both 96 %, as measured by HPLC. It was therefore concluded that acetylation did not
affect the uptake of peptides from the small intestine in sheep. Two feeding trials were carried out
with rats. The first trial was carried out with a protein-free diet to which was added 10 %
lactalbumin or 5% lactalbumin and then a mixture of methionine-free amino acids, either alone
or supplemented with Met, Gly-Met or acetylated Gly-Met. The rats grew equally well on all
sources of Met, but failed to grow significantly on the mixture of Met-free amino acids. In the
second trial the diet contained casein &% of the basal diet. Additional casein, pancreatic
casein hydrolysate (peptides) and acetylated pancreatic casein hydrolysate (acetylated peptides)
were compared as sources of amino acids, at inclusion rates of 100 g/kg final diet. Feed intake
was similar with casein and peptides treatments, but was depressed by 23 % with acetylated
peptides. Live weight gain was 15 and 75 % lower with the peptides and acetylated peptides diets
respectively. Addition of lysine, arginine or histidine did not restore feed intake or weight gain of
rats receiving acetylated peptides, but feed intake was restored immediately when peptides
replaced acetylated peptides. When intake was restricted to 9g/d and acetylated casein
hydrolysate replaced half of the protein in the diet, rats gained weight less rapid4 (1

109 g/d) and retained less N, such that onl$&of the acetylated peptide-N was calculated to
remain available to the animal. This N retention compared wizh @r unmodified casein. Thus,

the rat bioassay indicated that certain specific peptides may well be of high nutritive value
following acetylation, but that there may be problems of inappetance and inefficient utilization
with acetylated peptide mixtures.

Acetylated peptides: Small intestine: Nutritive value: Sheep: Rat

Abbreviations: Ala,, dialanine.
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Protected protein and amino acids are potentially important Farnham, Surrey, UK) was added. For the first preparation
sources of amino acids for protein synthesis in ruminants, as(A) the mixture was incubated fof8h, maintaining the pH
they avoid the wasteful metabolism of these nutrients by at 90, then boiled for 2 min to inactivate enzymes, centri-
rumen micro-organisms and they can correct imbalances infuged at 500@ to remove particles and dried by rotary
the composition of amino acids reaching the small intestine evaporation. For the second preparation (ANP), 5 min after
(Leng & Nolan, 1984). Various physical or chemical the addition of Alcalase the pH was adjusted t0 and
methods are available for their protection (Kaufmann & 1B ml of Neutrase (fronBacillus subtilis Novo Nordisk
Lupping, 1982; Brodericlet al. 1991; Schwab, 1995). The Industries UK) was added. After another 5 min the pH was
observation that microbial peptidase activity in the mixed adjusted to & and @15 g pancreatic enzyme mixture (PEM
rumen microbial population acts almost exclusively from 2500, Novo Nordisk Industries UK) was added. The mixture
the N-terminus of small peptides (Wallace & McKain, was incubated for® h at 45, maintaining the pH at® for
1989; Wallaceet al. 1990) led to the suggestion that the first hour by adding NaOH, then was boiled, centrifuged
peptides might be protected by chemical modification of and freeze-dried as for preparation A. The efficiency of the
N-terminal amino groups (Wallace, 1992Nallaceet al. reaction was checked using ninhydrin (Moore & Stein,
1993). Small peptides are protected very effectively from 1954), and the molecular weight distribution and average
degradation in rumen fluiih vitro by this method (Wallace, = molecular weight of the peptides generated were determined
1992; Wallace et al. 1993), and the rumen microbial by gel filtration as described previously (Wallace, 1802
population did not adapt to break down acetylated peptidesDialanine (Alg; Sigma) and both peptides preparations
after 4 weeks of dietary supplementation (Véttal. 1998). were treated with acetic anhydride as described previously
If chemically modified peptides are to be of nutritional (Witt et al. 1998). The efficiency of the reaction was
value to ruminants, their constituent amino acids must be checked once again with ninhydrin.
absorbed from the small intestine and be made available
for protein synthesis. This study was undertaken to deter-
mine the intestinal uptake of acetylated peptides and their
nutritive value in a rat bioassay.

Measurements of peptide survival in the small intestine
of sheep

Availability of acetylated peptides to the host animal will
_ be dependent on their absorption from the small intestine.
Materials and methods This was assessed in sheep using a variation of the proce-
Preparation of *N-labelled peptides from lucerne dure originally used by Poppet al. (1986) to assess the
) o o intestinal disappearance 8S-labelled microbial protein.
Lucerne seeds were grown in an artificial soil mixture, |n the present study, two adult sheep (live weight approxi-
from W_h|ch N-fixing Rhizobiumspp. were excluded. After _ mately 40 kg) were prepared with T-shaped cannulas in the
approximately 4 weeks the seedlings were replanted in jgjunum, about 2 m from the start of the small intestine, and
200mm pots with a sterile, N-free artificial soil mixture. jjeum (Hecker, 1974). They were housed in metabolism
Plants were then fertilized with a complete mineral fertilizer cages and given a ration comprising a grass and hay mix,
mixture minus N plus 8 ml per pot of an (NJ3SO, solution barley, molasses, fishmeal and a vitamin—mineral supple-
(580969 (NH,),SO/I; 10% *N-enrichment). Plants were  ment (500, 300, 100, 91, 9 g/kg DM respectively) at 800 g/d
ke_:pt_ in a greenhouse and_ every 21d, growth was clipped to by frequent (hourly) feeds. On the day of the experiment, 1 g
within 20mm of the soil surface and the pot was re- of the peptides or acetylated peptides mixtures @rg0
fertilized with the “N-solution (8ml). The harvested  of Ala, or N-acetyl-Ala were introduced into the jejunum
forage was air-dried then ground throu_gh a Wiley mill 550 ml Cr—EDTA solution, containing27 g Cr/l prepared
(10mm screen). Protein was extracted in an SDS-buffer 55 gescribed by Binnertst al. (1968). Samples of ileal
solution containing 30g SDS, &Y g sodium borate deca-  gjigesta were collected for hourly periods over the next 5 h.
hydrate_and @69 sodlu_m phos_phate,_ dibasic (anhydrous)/l The samples were weighed, then an equal weight of TCA
of sollutlon, 20 ml of this _solutlon bemg used/g of forage. (100g/l) was added and the samples were stored°at 4
The final pH of the solution was adjusted t@/then the  Apglyses were done on supernatant fractions after centrifu-
ground forage mixture was boiled for 2 h under reflux then gation at 26 00@ for 15 min. Cr was determined by dilut-
filtered through Whatman No. 4 filter paper. The residue ing the samples 1000-fold and analysing by atomic
was washed with hot SDS-buffer and the filtrate was cooled absorption spectrometry. Alaand N-acetyl-Ala were
overnight at 8. Cold HCIO, was added (B % final con-  getected using reverse-phase ion-pairing HPLC (Wallace
centration) and the protein extract was centrifuged at g McKain, 1989).15N was determined by isotope ratio—
20000g for 15 min. The precipitate was then freeze-dried. mass spectrometry as described by Barrie & Workman
(1984) and N was measured by a micro-Kjeldahl procedure
(Davidsonet al. 1970).

Each peptide preparation in acetylated and unprotected
Two peptide mixtures were prepared by methods based onform was introduced into each sheep on two separate
those described by Chataetal. (1987). For both prepara- occasions. The results were calculated using values from
tions, 15g*°N-lucerne protein were suspended in 100 ml the two samples on each occasion which had the highest
H,O and incubated at 45The pH was adjusted tol® concentrations of Cr; these were always sequential samples,
by addition of 5SvM-NaOH, then BB ml of Alcalase (from but the first such sample was sometimes in the 1-2h
Bacillus licheniformis Novo Nordisk Industries UK, collection, although more often in the 2—3 h sample. The

Acetylation of peptides
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results are therefore the means of eight values: two samplesacetylated peptides were switched to the peptide diet from
from each of two days, using two sheep. Disappearancedays 14-17. Faeces were collected on days 7 and 9 and
of acetylated peptide was assessed as: analysed for N content by a micro-Kjeldahl method
_ _ . Davidsonet al. 1970).
"N: Cr-EDTA in infusate—"°N : Cr-EDTA in ileal digesta ( Trial 3. A third fe)eding trial was undertaken with rats
°N: Cr-EDTA in infusate to investigate the effects of feeding either acetylated
peptides or casein when fed on an equal intake basis. All
. . rats consumed 9g ration/d, six receiving the casein-
Nutritive value of acetylated peptides for rats containing diet and six receiving a ration where half the

Trial 1. Twenty Lister Hooded rats (40 d old) were given casein was replaced by acetylated casein hydrolysate.
diets containing lactaloumin as sole protein source or Measurements of live-weight gain and N balance were
similar diets where half the lactalbumin was replaced with made over a 10d period.
amino acids or peptides. The control semi-synthetic diet
contained 100 g lactalbumin protein/kg diet (Table 1). Test Results
diets contained 50 g of lactalbumin/kg plus an amino acid
mixture in sufficient quantity to give the equivalent of 1009
of total protein/kg diet. Test diet A contained 50 g/kg of a
free amino acids mixture equivalent to casein but lacking The average molecular weight of peptides in the mixtures
methionine, and diet B contained the same amount of freewas calculated from the number of free Nigroups as
amino acids mixture plusf25 grL-methionine/kg. In diet C determined using ninhydrin, and compared with Trypti-
the methionine was replaced b§if2 g Gly-Met and in diet  case, which was characterized in a previous study (Wallace,
D with acetylated Gly-Met. The rats received 89 diet daily, 199%). The use of Alcalase alone resulted in an average
in two equal meals, for 10d. The intake was equivalent molecular weight of 559 Da, and the proteinase mixture
to that which rats given diet A would eat each day if fed containing both bacterial and pancreatic proteinases gave
ad libitumand was well above that required@@/rat perd)  an average molecular weight of 522 Da, almost exactly
to supply minimum requirements for energy, vitamins and the same as Trypticase. The molecular weight distribution
minerals. of the unmodified mixtures was assessed by Sephadex G-25
Trial 2. Eighteen male Lister Hooded rats, 27d old and chromatography. The distribution of molecular weights was
weighing 78-82g, were allocated to one of six blocks similar in both preparations, and both had a narrower range
according to their live weight and then one rat from each of molecular weight than Trypticase; in particular, free
block was allocated randomly to one of three diets. The amino acids were much lower (results not shown).
control diet contained 100 g casein protein/kg (Table 1). The  The acetylation procedure resulted in fairly effective
test diets contained 50g casein protein/kg plus 504 protection of all peptides. More than 89% of the free
pancreatic casein hydrolysate (‘peptides’; Peptone 140,amino group content of Alawas blocked, and values of
Gibco BRL, Life Technologies, Paisley, Scotland, UK), or 85 and 88 % were obtained for preparations A and ANP
peptides treated with acetic anhydride to providé3?a respectively.
modification of free amino groups (Witt al. 1998). Rats
were housed individually and fed on the casein-supplemen-
ted dietad libitumfor 5d before the start of the experiment. Availability of acetylated peptides for host
Thereafter, rats were offered the experimental diets and animal metabolism

waterad libitum They were weighed daily and their feed a5 on the proportional disappearance of the acetylated
consumption was recorded. Lysine(8/kg diet) was 54" nprotected peptides between the jejunum and ileum
added from days 7-14, and histidine and arginin @hd ¢ 5 sheep are given in Table 2. Acetylation appeared
2B g/kg) were added from days 10-14. The rats receving 1, paye |ittle effect on the availability of the different

peptide preparations for host animal metabolism. There
was, however, a tendency for the availability of the dipep-

Table 1. Composition of the control (100 g protein/kg) diets fed to rats. tide Ala, to be higher than for the higher molecular weight
Test diets were formulated by substitution of half of the protein of the mixed peptide preparations.
diets with amino acid or peptide mixtures

Efficiency of acetylation procedure in protecting peptides
from microbial degradation

Inclusion rate (g/kg)

Nutritive value of acetylated peptides for rats

Constituent Trial 1 Trials 2 and 3 . . I .
onsttuen na rais 2 an Trial 1. Acetylation of Gly-Met. Substitution of the amino
éacta_lbumin 128 112 acid mixture minus methionine (diet A) for the lactalbumin
asein . . - . .
Maize starch 380 38> Padd a sever_eP(<2.0.5) effe?t hon live Wﬁ)llght gain and
Potato starch 100 100 ood conversion efficiency of the rat (Ta e 3)'. However,
Glucose 150 150 supplementation of this diet with either methionine (diet B),
Maize oil 150 150 unprotected Gly-Met (diet C), or acetylated Gly-Met (diet
Vitamins 50 50 D) were all equally effective in reinstating the growth rate
Minerals 50 50 d feed ; ffici to | I hich t
Silicic acid 0B 0B and feed conversion efficiency to levels which were no

significantly different from those achieved with the control

ssaud Ans1anun abpruquie) Ag auljuo paystiand zzg 100865 L L£000S/£L0L 0L/BI010p//:sd1y


https://doi.org/10.1017/S0007114598001822

104 R. J. Wallaceet al.

Table 2. Influence of acetylation on absorption of °N-labelled
peptides and Ala, from the small intestine of sheep

(Mean values and standard deviations of two injections carried out on
two sheep on each of two days)

Absorption from the small intestine (%)

Unmodified Acetylated
Peptide Mean SD Mean SD
Peptides A 871 1T 8601 a2
Peptides ANP 9207 34 878 50
Ala, 95[7 a0 9601 30

diet. Thus, the rats appeared to be able to utilize acetylated
Gly-Met as a source of methionine for their protein
metabolism requirements.

Trial 2. Ad libitum feeding. Mean live-weight gains of
rats given the casein and the peptides-supplemented diets
(54 and 46 g/d; see Fig. 1) were higheP & 0-05) than
those given the acetylated peptides-supplemented diet
(114 g/d). Feed intake was not significantly different with
the casein and peptides diets, but was decreased by 23 %
(P < 0-05) with the acetylated peptides (Fig. 2). Lysine,
which was added to the acetylated peptides diet from day 7
onwards, and histidine and arginine added from day 10
onwards, had little effect on either weight gain (Fig. 1) or
intake (Fig. 2). When the rats receiving acetylated peptides
were switched to the diet containing untreated peptides on
days 14-17, feed intake rose rapidly to the same as the other
groups, and live-weight gain also increased. Faecal N
excretion was not significantly different between treatments
(1022, 906 and ¥3mg/d for casein, peptides and
acetylated peptides treatments respectively; df 3
0381).

Trial 3. Restricted feeding.In order to eliminate the
difficulties of interpretation introduced by the decreased
food intake with acetylated peptides in Trial 2, a further
experiment was conducted with two groups of rats, one fed
on a ration in which 50 % of the casein was replaced with
acetylated casein hydrolysate and the other group, which
acted as a pair-fed control (on an intake basis), where the
ration contain untreated casein. The pair-fed group grew
more quickly and retained more N than the group given
the acetylated peptides (Table 4). However, N retention
fell by only 21 % with the acetylated peptides.

Discussion

The methods used here to prepare peptides from
15N-labelled lucerne protein were developed to provide
mixtures rich in di- and tripeptides (Chataed al. 1987).

The average molecular weights indicated a mean chain
length of about five amino acids; however, the distribution
of molecular weights indicated few free amino acids. Thus
most of the peptides in the mixtures would be expected to
be of a molecular weight similar to pancreatic casein
hydrolysate, where acetylation provides effective protec-
tion from ruminal degradation (Wallace, 1992 Further-

more, both the casein hydrolysate and the ANP lucerne

Table 3. Growth of rats fed for 10 d on semi-synthetic diets containing as N source lactalbumin or lactalbumin 4+ methionine-free amino acids mixture supplemented with free methionine, Gly-Met

or acetylated Gly-Met

(Mean values and standard deviations for five animals per treatment)

Protein or amino acid supplied/d

49 lactalbumin+4g 49 lactalbumin+4g 49 lactalbumin+4g

49 lactalbumin+4g

amino acids mix
+ 0-14 g acetyl-Gly-Met

amino acids mix

amino acids mix

amino acids mix*

(no Met) +0-1g Met +0-14 g Gly-Met

8¢ lactalbumin

SD Mean SD Mean sD Mean sD Mean SD

Mean

Variable

852
1-12

80
116-8%
125-3%

14

21
2:6
0-2

8-0?
1-0®

80
116-2%
124-2%

13

06
01

852
1-12

80
114-8%
123-3%

0-9
24
2:0

0-3

80
116-22
118-3°

27
25
1-3
0-2

1-32

80
115-3%
125-5%

10-2%

Initial body weight (g)
Final body weight (g)
Body-weight gain (g)

Food intake (g)
Food conversion

(g body-weight gain/g dietary protein)

*The amino acids mix contained the same amino acids as casein but lacking methionine
abyalues in a row which have different superscripts are significantly different (P < 0-05).
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Fig. 1. Live-weight gain of rats receiving ad libitum basal semi-synthetic diet plus
casein (100g protein/kg diet) (O), casein (509 protein/kg) + enzymic casein hydro-
lysate (50g/kg) (®), or casein (509 protein/kg) + acetylated enzymic casein hydro-
lysate (50g/kg) (M), (Trial 2). Lysine (31 g/kg) was added to the diet from day 7
onwards, arginine (138g/kg) and histidine (28 g/kg) from day 10 onwards, and
acetylated casein hydrolysate was replaced by untreated casein hydrolysate on day
14. Mean values for six animals per treatment, with standard deviations represented by
vertical bars.

hydrolysate were the result of digestion by pancreatic suppose that the smaller number of peptides present in
enzymes, and although there would be many hundreds ofthe casein hydrolysate would behave differently in their
peptides of different sequence and composition in the absorption or nutritional properties.

lucerne hydrolysate while perhaps only as few as one The acetylation procedure adopted was different from
hundred in the casein hydrolysate, there is no reason tothat used previously (Wallace, 1992 in that the solution

14

12

Feed intake (g/d})
=]

f Diet change
Arginine +
histidine

| 1 1 Il L 1 L 1 ] |

| S !
01 2 3 4 5 6 7 8 9 10 1M 12 13 14 15 16

Period on diet (d)

Fig. 2. Feed intake of rats receiving ad libitum basal semi-synthetic diet plus casein
(100 g protein/kg diet) (O), casein (50 g protein/kg) + enzymic casein hydrolysate (50 g/
kg) (@), or casein (509 protein/kg) + acetylated enzymic casein hydrolysate (50 g/kg)
(m), (Trial 2). Lysine (31 g/kg) was added to the diet from day 7 onwards, arginine
(13 g/kg) and histidine (28 g/kg) from day 10 onwards, and acetylated casein hydro-
lysate was replaced by untreated casein hydrolysate on day 14. Mean values for six
animals per treatment, with standard deviations represented by vertical bars.
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Table 4. Nutritional performance of rats fed for 10 d on a restricted intake (9 g/d) of a semi-synthetic
diet containing casein or casein + acetylated pancreatic casein hydrolysate as N source (Trial 3)

(Mean values and standard deviations for six rats per treatment)

Protein provided/d

4-59g casein
+ 4-5 g acetylated
9g casein casein hydrolysate
Variable Mean SD Mean SD
Food intake (g) 90 90
N intake (mg) 1460 1390
Body-weight gain (g) 14-42 12 10-9° 15
Food conversion 1-62 01 1-2° 01
(g body-weight gain/g dietary protein)
Faecal N (mg) 185 35 190 22
Urinary N (mg) 252% 33 389° 50
N retained (mg) 10232 55 812° 49

3P yalues in a row which have different superscripts are significantly different (P < 0-05).

of acetic anhydride did not contain sodium acetate and Cr—EDTA would be expected to become associated with
acetylation was carried out for 1h compared with 24 h, solids. These calculations indicated that the amounts of
both of which measures were adopted in order to make thepeptides remaining in ileal digesta were low, that there
process simpler. The efficiency of protection of Al&ly- was no significant difference between different peptides in
Met and peptides prepared from lucerne remained aroundtheir absorption, and that acetylation had no significant
90 %, similar to that found with the previous procedure influence on absorption. The distribution of N between
(Wallace, 1993), but the efficiency of protection decreased faeces and urine in rat trials was also consistent with
to 72% with the casein hydrolysate. Clearly it would be unimpaired uptake of acetylated peptides from the small
possible to improve the efficiency of chemical modification; intestine. However, neither experiment distinguishes
however, inefficient protection need not be an undesirable whether hydrolysis preceded absorption or the acetylated
feature of peptide protection, as the unmodified peptides peptides were absorbed intact.
might benefit microbial growth in the rumen (Argyle & The rats used as a bioassay of the nutritive value of
Baldwin, 1979). acetylated peptides were given, in separate experiments,
Previous studies have shown that acetylation inhibits the the pure dipeptide Gly-Met and pancreatic casein hydro-
breakdown of small peptides by rumen micro-organisms lysate, both in unmodified and acetylated form. Gly-Met
(Wallace, 1993; Wallace et al. 1993) and that rumen  was supplied to a methionine-deficient diet, and the results
micro-organisms do not adapt to utilize acetylated peptidesindicated that acetylation of the dipeptide had no influence
for a period of up to 4 weeks (Widt al. 1998). If acetylated  on the subsequent uptake and metabolism of the consti-
peptides are to be useful nutritionally for ruminants, the tuent methionine. The peptide mixture replaced part of
subsequent absorption and metabolic availability of their the protein of the diet. The unmodified mixture was used
constituent amino acids must not be compromised. Two efficiently, but acetylation caused problems with the
groups of experiments were therefore undertaken. In thead libitum food intake of the rats and on the biological
first, the uptake of acetylated peptides from the small value of the absorbed protein. The lower food intake could
intestine was investigated in sheep cannulated in the jeju-have been caused by one or more of the following factors:
num and ileum. The nutritive value of the constituent amino poor palatability (peptides are often bitter to taste); damage
acids was assessed by a standard protein bioassay, namelp amino acid residues by acetylation; incomplete deacetyl-
the growing rat. Both groups of experiments were consid- ation in the absorbed peptides; or a metabolic disturbance
ered important preliminaries before full nutritional trials in caused by the acetyl groups released. The present experi-
sheep and cattle. ments do not resolve what the problem is, but some useful
The absorption of peptides was determined by their pointers can be made.
disappearance during passage through the small intestine Acetic anhydride reacts with both N-terminal amino
of sheep. Cr—EDTA was injected in the same solution as the groups and some amino acid side-chains. The Gly-Met
peptides as a marker of liquid flow. Cr concentrations in experiment showed that Met is not damaged, so if damage
subsequent ileal samples were highly variable, indicating to amino acid residues is responsible for the lower nutri-
poor mixing within the digesta, but were highest 1-3 h after tive value of the acetylated mixture, other residues must
feeding. Some peptide or peptid®N remained in ileal be affected. Studies with N-acetyl-tyrosine suggest that
samples, and the extent of disappearance was calculatedts nutritive value depends on tissue acetylase activities
by comparison with the Cr concentration. It was assumed (Neuhauser et al. 1985; Van Goudoeveet al. 1994).
for these calculations that both Cr and peptides remainedN-Acetyl-tyrosine has a low bioavailability in the piglet
entirely associated with the liquid phase of the digesta. (Wykeset al. 1994). In the present experiments, only the
Although this was not checked, neither peptides nor minority of amino acids in a peptide mixture will be affected
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by «-amino-acetylation however. Side-chain modifica- basis of a new method to deliver protected methionine to
tions were thought likely to be a greater problem. Among the abomasum. Many more experiments with different
the side-chains most likely to be affected by acetic anhy- peptides and amino acids would be necessary to determine
dride is lysine (Means & Feeney, 1971). Acetylation of the the applicability of such a method. But, for reasons which
g-amino group of lysine decreases its availability by 50% are not clear, the availability of N in acetylated mixed
(Neuberger & Sanger 1943; Carpenter & Booth, 1973); peptides was limited to about half that of casein; further-
however, the addition of lysine to the acetylated peptides- more, there were problems with inappetance when acetyl-
containing diet did not restore its nutritive value. Other ated peptides made up a substantial proportion of the rat
side-chain reactions with amino-groups would be expected diet. Similar metabolic problems might well occur in
to occur, but with the exception of histidine, these would ruminants. Thus, the acetylation of peptide mixtures will
be expected to occur only with non-essential amino acids not be a useful means of providing rumen-protected amino
(Means & Feeney, 1971). Adding back the essential amino acid mixtures until the biochemical basis of these problems
acids most likely to be modified by acetylation failed to is resolved.

restore intake, so damage to an individual amino acid seems

unlikely to be the cause of the problem. In comparison,
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