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Abstract

To determine the quality of heated protein, in vitro method, including lysine, lysinoalanine, and fructose-
lysine as well as homoarginine by guanidination of lysine, was assessed using heated casein with or without
glucose. In vivo methods such as PER, digestibility and BV were also tried on homoarginine, lysinoalanine,
fructoselysine, and lysine. The nonreactive Iysine {or guanidination was hardly digestive, while the nan heat
damaged lysine side chains in the protein were accessible for guanidination as well as for the digestion.
A linear correlation{r=0.80) was obtained between PER and digestihility of the analysed Ivsine. Digestibility
of homoarginine was higher than that of true protein. However, in the guanidinated beated casein with
glucose, digestibility of homoarginine was significantly reduced. It is suggested that the homoarginine method
may mislead to over— or underestimation of the damaged protein quality.
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INTRODUCTION

Due to some problems of N-balance measurement
technique, Hagemeister and Erbersdobler(1) proposed
a new laheiing methad by transforming lysine lo ho-
moarginine, to distinguish the exogencus(feod) from
the endogenous proteins. This is achieved by the re-
action of the lysine side chains in the dietary protein
wiih methylisoures, thus adding a guanidino group to
the E-amino group of lysine(2). Up to 99% aof lysine
in a protein can become guanidinated if proper condi-
tions are provided(3). The main advantage of the homo-
arginine labeling is that homoarginine does not appear
in endogenous proteins because it 1s not utihzed lor
protetn synthesis(4). Moregver, it is abmost com-
pletely ahsorbed up to the ileum(5). An additional ad-
vantage might be that homoarginine, contrary to other
chemical derivatized amino acid side chains(6), is sad
to he partially transformed into lysine and uvea by argi-
nase in the liver(7,8) thus preventing lvsine deficiency
(9). Stevens and Bush(9), Tews et al.(10), and Schmitz
(11). however, reported that the growth of rats was
greatly impaired by this treatment, which demonstrated
that there was no sufficient retransforming of homo-
arginine into lysine. Stevens and Bush(9) and Tews et
al.(10) also reported that supplement of lysine improved
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modestly the impaited food intake and the growth
when rats were led a lysipe limited diel containing
hotmoarginine.

Hagemester et al.{d) claimed that the homoarginine
measurement technique is not reliable if cross-linking
or derivatization in heat treated protein blocked the
accessibility of homoarginine to the E-amino group.

The objectives of the work reported in the presernt
paper were: 1) whether the digestibility of protein is
impaired by guanicdination, 2) to examine whether the
homoarginine labeled part of the tested proteins were
digested, and what would happen with the availability
of the nontransformed lysine, namely if it was cross—
linked or derivatized by heat treatment. These results
should provide the answer for a question of what ex—
tent the homoarginine method can be used il the Iysine
groups are partly blocked by crosslinking or derivatiza-
ting in heat ireated protein.

MATERIALS AND METHODS

Heat treatment of the caseins

Casemn(14.7% N of dry matter) was used for the
control diet. Parts ol this casein were heated in an
autoclave at 134°C for 3h. Another portion of the ca-
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sein, weighing 1300g, was mixed with 600g of glucose
monohydrate and suspended in 3.6L tap water. The
casein-glucose-selution was poured into stainless steel
trays to a depth of about Icm and then baked in an
air stream at 65°C for 68h. The baked material was
ground to a particle size of less than 0.5mm”

Homoarginine labeling of the untreated and the
heat treated caseins

Half of the 3 ditferent caseins{untreated casein, with
or without glucose heat treated casein) were guanidi—
nated with 04M o-methylisouwrea(MIU) according to
the procedure of Schrnitz et al.(4).

Anmmals and diels

In all experiments, rats of the Wistar strain{supplied
by Zentralinstitut [{ir Versuchstierzucht, Hannover, Ger-
many}, aged 3 weeks and weighing ahout 60g, were used
and led ad libitum.

During a 3 day adjustment pericd the animals were
fed a untreated casein based diet. The protein content
(Nx6.25) in the rations amounted to 10%, but without
the N arising from guanidination{Table 1).

IExperiments were carried out in a temperature con—
trolled room(12h light-dark cycle, 25°C. 55% relative
humidity). All experimental precedures described were
approved by the Anmmnal Care and Animal Ethics Com-
mitee of the Kiel University in Schleswig—Holstein,
Germany, according to established guidelines for the
care and use of laboratory animals(12),

N-Balance trials

Alter an adjusting period of 7 days, 40 female rats
were divided inte 7 homogenous groups. SIX groups

contained 6 rats and one group contained 4 rats in
arder to control the endogenous N losses. Animal dis-
tribution was based on the bodyweight and were then
placed into individual balance cages. The balance period
consisted of a 5 day preliminary period and a 6 day
collection period. True protein digestibility {TD), protein
efficiency ratio{PER) and biological value(BY) were
measured.

Analytical methods

Diets, the feces and urine samples of the N-balance
trials were analyzed [or total nitrogen using the Kjel-
dahl method. For lysine-, lysincalanine-(LAL ; an ex-
ample [or crosslinking which occurs manly in proteins
heated under alkaiine conditions by the reaction of the
g-amino group of lysine with dehydroalanine! and homo-
arginine-balance the food as well as the feces and urine
were hydrolyzed in 6M HCI(linal concentration), and
for the determination of furcsine{the most abundant
amino acid derivative in human nutrition which is
found alter the reaction of lysine with glucose) in 7.8M
HCI and measured with an amino acid analyser{Liqummat
M, Kaontron, Germany) as described by Erbersdobler
and Hupe(13).

Statistical methods

Results are means £SEM. Statistical tests were per-
formed by analysis of variance using the VM3 SAS
(5AS Institute INC., CARY, N.C.: 27512 USA) and
regression analysis using the Statgraphics(r) (statistical
package VS 3.0, 1988). The pooled estimate of variance
was emploved to calculate any significant differences
according to Scheffé-test{p<0.00) in comparing indi-
vidual groups.

Table 1. Composition of the experimental diets for the N-balance trals (g/kg)
. Experimental groups
Composition
1 2 3 4 o &
Casein"’ 120
Casein. guanidinated" 120
Heat damaged casein’ 118
Heat damaged casein, guanidinated” 118
Casemn+ glucose heat clemrlagedIJ 159
Casemn+glucose heat damaged, guamdinated” 128
Basal diet” 880 830 882 882 841 872

"The protein content(N>625) in the rations amounted to 10%, but without the N arising from guamdination

“Altronun C1004 Eiweissarm II{Altromin, Lage, Germany)
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RESULTS

Homoarginine labeling of the untreated and the
heat treated caseins

The analyzed data of the tested proteins are shown
in Table 2. The extent of conversion of lysine to homo-
arginine was 94.3% in the untreated casein. Meanwhile,
only 83.5% of the lysine in the heat damaged casein
and H7.4% of the lysine in the heat damaged casein+
glucose mixture were transformed to homoearginine.
The results show that, presumahly due to the crosslink-
ing or derivatisation, both types of heat damage exhibit
an inferior accessibility to the £-amino group of lysine.

The heat damaged casein contained Z.4g LAL/kg
protein and the heat damaged casein -+ glucose mixture

contained 99.8¢ FL/kg protein. The amount of FL in
the guanidinated heated casein -+ glucose mixture was
highly reduced under the alkaline condition{pH 10.5)
for guanidination, while the amount of LAL in the heat
damaged guanidinated casein was slightly raised.

N-balance trials

The results are shown in Table 3. Foad intake, PER,
and BV were significantly reduced in the diets con-
taining homoargmine instead of lysime in the guanid-
inated caseins. In the heated proteins food intake, PER,
and BV were also significantly reduced. The results
suggest that the residual lysine in these caseins was
not efficiently utilized in all cases and homoarginine
was not enough retransformed to lysine for obtaining

Table 2. Conversion(%) of lysine to homoarginine in three guanidinated protein sources, content of analysed lysine
{AL), lysinoalanine(LAL), fructoselysine(FL) and homoarginine (HA) of untreated, heated casein, untreat—

ed and guanidinated casein, respectively

, Conversion" AL LAL FL HA
Proteins -
% g/kg protein

Casein - 88.0 — - -
Guanidinated casein 94.3 5.0 - - 128.0
Heat damaged casein” - 820 24 - -
Heat damaged casein, guanidinated 8340 18.0 29 - 104.0
Casein+glucose heat damaged?” - 53.0 - 998 -
Casein+glucose heat damaged, guanidinated a74 23.0 - 39.3 40.0

After treatment these protein sources were mixed well and analyzed as a single determination
"Conversion{%) based on the molar hasis of the transformation of lysine into homoarginine

®Antoclaving of casein at 134°C for Sh

:ﬂBaking of a mixture of 1.3kg casein plus 600g with 3.6L tap water

Table 3. Food intake(F1), protein efficiency ratio(PER}, biological value(BV) and true digestibility of protein(TD)
and digestibility of homoarginine(HAD), analysed lysine(ALD), lysinoalanine{LALD} and fructoselysine (FLD)
of casein and heated casein, untreated and guanidinated respectively”

. FI PER BV D HAD ALD LALD FLD
Proteins
g/d 95 % 9

Casein 129207  28+04" 67357 9%60+0T - 982407 - -
Guanidinated casein 98+25° 08+04° 459+36° 91.0+48® 98805 T798*56" -
Heat. damaged casein® 129+06"  22+05 627135 003129 - 929+1.4 A43E38° -
Heat damaged casein,

Cermaged casen TA4E08 00000 4541900 06+30°  960-10° 381104 566+3E -
guanidinated
Casein +glucose heat damaged” 135+07°  16=05" 475=83° 925107 - 90.8+1.8° - Q@stog
Casein+glucose b o b ot aane Lo oo
heat damaged, guanidinated (0818 09T0L 42855 8sE2S TO0LLT 66747 - 064129

"Results are the meanstSEM for 6 rats(™4 rats) per group
Means in a columm with different superscript letters are significantly different(p<0.05) according to ANOVA followed by

Scheffé range test

P autoclaving of casein at 13£°C(2.1 har) for 3h
"’Baking of a mixture of | 3kg casein plus 600g glucose with 3.6L tap water
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sulficient growth. The wue digestibiiities of the heat
damaged caseins and the guanidinated caseins were
generally reduced, But the homoarginine showed a high
digestihility in the guanjdinated caseins with exception
ol the guanidinated heated casein+glucose mixture.
In the guanidinaied heated casein+glucose mixture,
26% of ingested homoarginine were excreted in [eces.
The digestibilities of LAL and FL of the heat damaged
guanidinated caseins were slightly reduced.

DISCUSSION

Apparently, in both tvpes, the damaged lysine gives
almost no access to the transformation to homoar-
ginine{Table 2), as was found earlier by Hapemeister
et al.{B) and Schmitz et al.(4). The guanidinated caseins
fed rats consumed significantly less food than the non—
guanidinated caseins [ed rats. This can be explained
not only by an lysine deficit but by an lysine irnbalance,
as was demonsirated by Peng et al.{14) and Tews et
al.(10,15). In the guanidinated caseins, the biclogical
value(BV) and PER were reduced{Table 3). This reduc-
tion was greater in the heat damaged caseins although
contents in residual lvsine{16 or 23g/kg protein, respec—
tively) were hipher than those of guanidinated non
heated caseut{ag/kg protein). This suggests that the
residual tysine in the guanidinated heated caseins was
hardly availahle while the 0.5g residual fysine in the
guamdinated untreated casein was chviously utilized.
This was also demonstrated by the low digestibility of
analyzed lysine in the heat damaged caseins. Moughan
et al.(16) [ound no significant corretation{r=—0.48} bet-
ween [r vivo [ysine digestibility in rats and the available
lysine values measured by the flure dinitrobenzene
method. Nair et al.{17), hawever, reported a best fiiting
correlation between the PER of heat treated diied skim
milk samples in rats and the available lysine values
measured by the homoarginine method,

In this present paper, PER was well correlated(r=
080 ; p<0.001) to the digestibility of analysed lysine
which represents the residual lysine. This indicates
that the sites in the protein molecule, which were not
involved in crosslinking or derivatisation(as measured
by a high degree of guanidination) were digested. The
parts, however, in which lysine was etther not or only
poorly accessible for guanidination, exhibited a reduced
digestibility, As a consequence to this, the amino acid

avallability in heat damaged protein appears fo be
highly dependent on the amount. The distribution of
the crosslinks and derivatives aver the whole protein
as was discussed by Lrbersdobler(18).

Homoarginine in the guanidinated proteins was hig-
hiy digested. The reduced digestibility of homoarginine
m the guanidinated heated casein+glucose mixture
{Table 3) was possibly caused by an interference to
uptzake by fructoselysine(FL). It is well known that the
rates of absorption and metabolistm of protein—bound
FL in the small intestine tend to be exiremely
Jow(19-21). Schuttert et al.(22) found that homoarginine
was nol metabolized by incubating with the smail in—
tesiinal digesta of the rats. A FL inhihition effect on
the transport of several aymno acids was [ound earlier
hy Erbersdobler et 21.{21) in experiments with everted
intestinal gut segments of rats, From these conditions,
it was suggested that the large amounts of FL interfered
with the uptake of homoarginine in the small intestine
and considerable parts of the homoarginine were
transported together with FL into the large intestine.
While FL was almost completely decomposed by
bacteria in the large intestine {21) homoarginine was
excreted as more intact {orm.

These facts may lead to wrang conclusions such as
an overestimation or underestimation ol the quality of
the heat treated proteins if the homoarginine method
1s applied uncntically in the heat damaged protein.

Because the existence of FL is highlv dependent on
pH{23), the amount of FL in the guanidinated heated
casein +glucose mixture was strongly reduced. For
this reason, it was not possible fo use FL az a second
indicator of the digestion of the heat damaged protein.

The BV was not reduced in the guanidinated pro-
teins as much as expected. As mentioned above, the
lysine which was not retransformed to HA was parhally
utifizable as is shown by the digestihility of analysed
Iysine. However, the homoarginine was retransformed
inte lysine by arginase at a slow rate, and occurs
possibly only after an adoptation period of several
days as reported by Ryan et al.{7), Prior et al.{8) and
Stevens and Bush(9).

About 20% of the ingested homoarginine wag found
in the urine, which is considerabiy higher than the 4
% found by Schimitz et al.(4), This leads to the sug-
gestion that the arginase activity for retransforming
homoarginine back to lysine is not as high as pre-
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dicted. This is confirmed by the low performance(BV
and PER) in the rats on the guanidinated proteins.
This conclusion is supported by the work of Stevens
and Bush(9) and Tews et al.(10). In the non guanid-
inated heat treated proteins, the digestibility of LAL
15 in accord with results of Finot{24) and Karayiannis
et al.(25), The digestibility of FL is 98.5% in this study.
This value is a little higher than that of Finat et al.(26).

Digestihility of LAL and FL of the guanidinated heat
treated proteins were slightly reduced,

In conclusion, the present study has shown that the
parts in the protein in which the lysine side chains
were not heat damaged, are accessible for the guani-
dination as well as for the digestion. The non reactive
residual lysine for guanidination in the heat-treated
caseins was hardly available. This non-available resid-
ual lysine represents that the lysine moleties are
blocked by initial Maillard reaction or crosslinkings,
which are partially liberated by the acid hydrolysis
before analzyving amino acid.

The homoarginine digestibility was significantly
reduced, especially in the guanidinated heated casein +
glucose mixture. [t is suggested that the homoarginine
method may mislead to over- or underestimation of the
heat damaged protein quality,
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