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NESTLE S.A., of La Tour-de-  this way is very substantial but difficult to
Peilz, Switzerland, a Swiss company, do   determine precisely having regard
to the great hereby declare the invention, for  which we  variation in
human eating and   culinary habits. pray  that a patent may be granted to
us,  Consequently, as too much lysine could pro- 50 5  and the method by
which it  is to be per-  duce a nutritional imbalance there is no formed,
to be particularly  described in and. question of adding a large excess. It
is found by the following statement:-    .           therefore that the
addition of lysine to cereals The present  invention is concerned with a
in order to enhance their nutritional value, process for the treatment of
foodstuffs low   although simple in principle, is a delicate oper- 55 10 in
lysine.            .                     ation and seldom satisfactory. It
is considered that, in general, foodstuffs    An object           of the
invention is to mitigate of plant origin, which constitute the exclusive
these drawbacks. The present invention pro- nourishment of a large portion
of mankind,  vides a process for treating a foodstuff de- have low contents
of proteins, factors neces-  ficient in L-lysine which comprises adding to
60 15  sary for the sound, functioning of the human  the foodstuff an
effective amount of at least organism. Moreover, it is found, unfornately,
one metabolic substitute of L-lysine said meta- that these proteins of
plant origin are normally   bolic substitute being an e-derivative of
lysine. of poor quality, that is to say they are  The expression "metabolic
substitute of L- deficient in certain amino-acids essential to. lysine"
denotes a substance which plays the  65 20  man. For example, cereals have
an especially  same role as L-lysine in human and/or animal low protein
content, which itself is low in  metabolism, being converted on ingestion
into the essential amino-acid lysine.        .  free L-lysine or directly
assimilable bound In order to restore the balance of the diet  L-lysine.
For convenience, such a metabolic of populations who essentially eat
foodstuffs  substitute will be referred to as "pro-lysine". 70 25  of plant
origin, the present trend is  to add  Moreover, the term lysine will be
used for to these foodstuffs an appropriate quantity  the natural isomer,
i.e. L-lysine and, likewise, of the deficient essential amino-acid(s).,
the residue lysine designates L-lysine. Thus,  lysine is added to cereals
intended    In accordance with the invention, it has for human consumption;
the cereals are said  been found that a-acyl derivatives of lysine, 75 30
to be "supplemented" or "fortified" or "en-: especially e-aminoacyl
derivatives, are particu- riched". As used herein the term "cereal" is
larly effective as pro-lysines. For the pur- intended to include cereal
products such as  poses of illustration, various derivatives of flour, as
well as  the cereal itself as grains.    lysine were assessed in vivo
growth tests in These cereals  are  not normally. consumed  rats. In each
test, one group of rats was fed  80 35  raw; they are cooked or made   into
cakes,  a diet based on proteins deficient in lysine bread, dough and
miscellaneous mixtures such, supplemented with a lysine derivative, and as
milk foods, all of which involve a cooking. the  second group was fed a
similar diet en- 



process. Irrespective of whether this is a gentle  riched  with lysine
itself, in varying propor- or severe heat treatment, for example roasting
tions. The assimilation of the lysine and of 85 40  or toasting, its effect
is to inactivate a portion  its derivatives  is assessed by determining the
of the added lysine. Thus, the lysine combines  gain  in weight of the rats
in a group. The with the reducing sugars, also present in under-  relative
assimilation refers to the amount of going complex reactions generally
designated  lysine substitute assimilated by the rats, taking as the
'Maillard" reaction. It is then no longer  the amount of natural lysine
assimilated as  90 45  capable of being assimilated by the human  100%. The
comparisons are derived from organism. The  amount that is inactivated  in
the  growth test measurements on the rats. SPECIFICATION AMENDED - SEE
ATTACHED SUP    2                                           1,477,687
2 The relative assimilation values of these deriv-  asparty) - lysine, e( -
L - alanyl - lysine, atives,.by comparison to lysine, are the follow,  a -
(L- phenylalanyl) -lysine,   e- (L   - ing:
leucyl) lysine, e- (L  -arginyl)-lysine, % Assimilation  alanyl - lysine
appear  to be a particular relationship between assimilability 5
.  Formyl  43-87                  and  the aminoacyl radical   ed to the
lysine. Acetyl                49-83           It should be noted that two
of the listed   60 Propionyl             0             peptides contain
lysine and one other essen- Lauryl                0             tial
amino-acid, namely  e   (L - phenyl- Palmityl              0
alanyl) - lysine and e - (L,-leucyl) - lysine 10            Oleyl
As a general rule; such peptides should be Linoleyl              0
utilised with care, even if they possess a high   65 degree of
assimilability, in order to  avoid any 2. e-Amminoacyl
risk of nutritional imbalance. For example, derivatives           %
Assimilation  e - L - methionyl - lysine should not be added to cereals
which already contain sufficient Glycyl                55-92
methionine within  their protins. Likewise,  70 15         a-L-Glutamyl
. 80-100            e   L -   phyl -. lysine should be used y.-L-Glutamyl
75-100         with care Thus, for children, maize is de- B-L-Aspartyl
80-100        ficient in lysine to the extent of   243 mg per g
B-L-Aspartyl           0-20        nitrogen (1.67 millimole per g nitrogen)
but L-Alanyl     80-100             deficient in L-tryptophan only to the
extent  75 L-Phenylalanyl       68-93          of 148 mg/g nitrogen (0.72
millimole per g L-Leucyl         80-100         nitrogen)so that addition
of the dipeptide B-Alanyl             0             in an amount sufficient
to provide the required L-Cysteinyl           0   -         amount of
lysine would lead to an excess of a-L-Pyroglutamyl      0      tryptophan
of 0.95 millimole per g nitrogen  80 25           L-Arginyl
80-100        (130%), an excess which could induce nutritional imbalance.
3. a,e-Diaminoacyl                           It might have been expected
that the deriv- derivatives        %  Assimilation   atives of lysine
containing an "unusual"  bond (Sciff's bases, lysine fixed on a polymer,
85 Diglycyl              80100         D-L peptides) would not be
assimilated by Di-L-alanyl          - 80-100       the human organism which
theoretically does not possess the enzyme systems necessary for 



30    4.  e.e'-Diinoacyl                            breaking bonds of this
type. However, it has derivatives           % Assimilation   been found
that this is not necessarily the  go case, as is shown, for example, by
a-benzyl- Bis-L-cystinyl        O             idene-lysine, Whilst the
pro-lysines may be used. for . Schiff bases           % Assimilation
supplementing  foodstffs deficient in lysine which are hot cooked, they
offer parcticular  95 e-Benzylidene         69-100        advantages when
added to foodstuffs that are cooked for consumption. Thus, because  these
35     6. Lysine fixed on        % Assimilation   pro- lysines  are much
less soluble in water than lysine, leaching by the cooking water
Polyacrolein  (13.5%)  0-22.        much more limited.
100 Peroxidised starch                 are much. more resistant than lysine
towards (34.3%)                             undesirable chemical reactions
such as, for example, reaction with active carbonyl groups The values
listed  in  this table  are ranges  formed during  peroxidation of lipids,
reaction 40  of which the limits correspond to the heaviest  with
aminoacrylic acid generated during the 105 and lightest rats as compared
with the lysine-  alkaline  treatments, and, above all towards fed control.
The fixed ysines were prepared  the  Maillard reaction which takes place
dur- by a process analogous to that described in  ing heat treatments
(baking of bread, cooking Swiss Patent No. 536,860, with  the values
cereal-based  milk food). This resistance has- 45  given in parentheses
representing the percent-  been demonstrated by means of model reac- 110
age by weight of lysine fixed on the polymer.  tions with
(pro-)lysine/glucose   systems Thus, among the acylated derivatives only
(lysine/glucose  or  pro-lysine/glucose)  by e-formyl-lysine  and
e-acetyl-lysine  are  of  determining the degree of browning following 50
interest  Among the aminoacylated derivatives  heating. The procedure used
is as follows  a 50  or peptides particularly useful are a-glycyl-  mixture
of 0.1 M  (pro-)lysine, 0.1 M glucose 115 *     lysine, e - (a - L -
glutamyl) --lysine, e-  and 0.1 M  pH 6.5 phosphate buffer (10 ml (y - L -
glutamyl) - lysine, e - (a - L -  of each) is heated at 100[err] for 2
hours  in a    3                                                 1,477,687
3 sealed tube and, after cooling, the optical    The resistance  of  the
pro-lysines to- cooking density of the reaction  mixture is measured   was
als compared  with lysine. Groups of rats at 500 no, a correction being
applied for  were  fed a diet containing asprincipalsource the value of the
optical density of a blank   of lysine only biscuits made from flours en-
20 containingonly the 0.1 M, phosphate buffer.  riched with lysine and
various pro-lysines and various pro-lysines These, experiments show that,
as compared   (baking at 215[err]C for 35 min, then at [err] with the
Maillard reaction between lysine and  for 2 hours 15 min). After 14 days,
the aver- glucose, the Maillard reactions between pro-   age weight  gain
of each group of rats was lysine and glucose are:                      then
determined, which is used for evaluating  25 10   -    in general,  one
quarter for the  e-acy   the available residual lysine or lysine equiv- and
e-L-aminoacyl lysines.             alent. These tests were carried out with
lysine - one half only for e-glycyl-lysine.       and certain pro-lysines
which performed well -one seventh for e - (a - L - glutamyl) -  in the
model reaction with glucose. The results lysine.
obtained were as follows:                   30 15    -one quarter for
a,e-digycyl-lysine. -comparable for e-benzylidene-lysine.           - 



Availability of lysine or equivalent as a % of the Sample supplemented with
amount added (to nearest 10%) A  lysine, HCL
10% B  e-(a-L-glutamyl)-lysine                 70% C
e(y-L-glutamyl)-lysine                 50% D  e-glycyl-lysine, [err]
80% E  a,e-diglycyl-lysine                     50% F  e-benzylidene-lysine
50% It will be observed that even the most with e-glycyl-lysine and with
e-benzylidene- sensitive of the pro-lysines listed in the table  lysine are
better than might be expected on has a resistance 5 times greater than
lysine  the basis of model reactions with glucose.    40 35   of which 90%
is lost during baking of the    It has, furthermore, been found that the
biscuits, and, as noted elsewhere 40%  in  addition of the (pro-) lysine
markedly im- baking of bread. Moreover, the results obtained  proves the
appearance and odour of bread: Sample (letters represent the additives
listed in the preceding table)                      Appearance
Odour Blank (without additive)         Normal                     Neutral,
slightly of yeast A                                Slightly bulkier
Pleasant, no odour of yeast B                                    Browner
than           Pleasant, slightly the blank                 better than A
Slightly brown         Like B D                                   Slightly
brown         Like B and C bulky E                                   Normal
Slightly herbaceous, of rye F                                   Brownest of
all        Bitter almonds    1,477,687                                4
4 [err]    5                                        1,477,687 These doughs
are allowed to ferment at    After 14 days the group of rats fed a diet  60
[err] for 75 minutes, and then allowed to  prepared from this bread, gluten
and zein has stand for a further 45 minutes. Three 300  the same average
weight gain as the first gram loaves are prepared from  each batch,  group
of Example 1, serving as the reference 5   which are baked for 35 minutes
at [err];  (lysine monohydrochloride, no baking), which -      the
temperature of the crusts is then about  shows that 2.07 g of pro-lysine
have remained  65 [err]. After cooling the loaves have compar-  intact and
the small excess added has exactly able appearance, with loaf No. 3
(pro-lysine)   made up for the losses. having a more pronounced brown
colour. This 



10  loaf also has the most pleasant flavour of                   Example 6.
the three, slightly better than loaf No. 2     In the preparation of a milk
food con- (lysine) and, in contradistinction to loaf No.  taining milk
solids, wheat flour and sugar, the  70 1, free from any flavour of yeast.
available lysine content of approximately 5 g Loaves No. 2 and 3 are then
made into   per 100 g protein falls after cooking to about 15  breadcrumbs
which, after the addition of 25%    2.2 g per 100 g protein (equivalent to
56% water, are toasted in an oven at [err] for  destruction), essentially
as a consequence of 2 1/4 hours. These breadcrumbs are admixed  the
Maillard reaction. 3.5 g crystalline lysine 75 with a basic diet containing
gluten and zein   monohydrochloride (equivalent to 2.8 g lysine) and fed to
two group of rats for 14. days.  per 100 g protein are thus required to
restore 20  From the average weight gain of these groups  the initial
content. The same milk food may of rats and, by reference to the first
group   be prepared with the addition, prior to cook- mentioned at the
beginning of this example  ing, of 5.67 g of  - (a - L - glutamyl) - ly- 80
(lysine monhydrochloride, no baking), it is  sine per 100 g protein,
corresponding to 3.02 found that only 11%  of the lysine has sur-  g
lysine. This small excess of 0.22 g com- 25  vived the heat treatment
compared with 72%    pensates for the destruction of the pro-lysine, of the
[err] - (a - L - glutamyl) - lysine.      about 8%. The milk food
containing the pro-lysine  85 Example 2.                   is much more
homogeneous than that to which The procedures and experiments described
lysine monohydrochloride has been added after in Example 1 are repeated,
substituting [err] -   cooking. (y -L  - glutamyl) - lysine for [err] (a -
L - glutamyl) - lysine. The assimilability of the  WHAT WE CLAIM  IS:-
tested peptide is 85%, with a range of 75-     1. A process for treating a
foodstuff de- 90 100%; the bread does not have a yeasty  ficient in
L-lysine which comprises adding to flavour, and the toasted breadcrumbs
contain  the foodstuff an effective amount of at least 35  52%  of the
original pro-lysine.              one metabolic substitute for L-lysine,
said metabolic substitute being an a-derivative of Example 3.
lysine.                                     95 -glycyl-lysine is tested by
the procedures  2. A process according to claim 1, in which described in
Example 1. The assimilability is  the foodstuff is a cereal. 82%, with a
range of 55-92%; yeasty            3. A process according to claim 1 or
claim 40  flavour absent; 80%  retention in the toasted   2, in which the
metabolic substitute is added breadcrumbs.
prior to cooking of the foodstuff.          100 4. A process according to
any one of the Example 4.                     preceding claims in which the
metabolic sub- [err]-diglycyl-lysine is tested by the pro-   stitute is an
[err] - aminoacyl - L - lysine or an cedures described in Example 1. The
assimil-  [err] - diaminoacyl - L - lysine. 45  ability is 82%, with a
range of 80-100%;       5. A process according to claim 4, in which 105
yeasty flavour absent in bread; 52% retention   the metabolic substitute is
[err] - (a - L - glut- in the toasted breadcrumbs.                  amyl) -
L - lysine, [err] - ([err] - L - glutamyl) - L - lysine, [err] - (a - L -
aspartyl) - lysine, Example 5.                   e - (L - leucyl) - lysine,
[err] - (L - phenyl- A loaf of bread is prepared as described   alanyl) -
lysine, [err] - (L - arginyl) - lysine, 110 50  in Example 1 using
[err]-glycyl-lysine monoacetate   [err] - ([err] - L - alanyl) - lysine, L
- [err] - glycyl - as the pro-lysine, at a level of 2.18 g (8.25   L -
lysine, or [err] - diglycyl - L - lysine. moles), an amount slightly
greater than    6. A process according to any one of claims the 2.07 g
(7.87 mmoles) necessary for re-   1 to 3 in which the metabolic substitute
is establishing the protein balance in the flour.  a Schiff's base of
L-lysine.             115 



55  This represents an excess of 5%, equivalent    7. A process according
to claim 6 in which to 4%  free pro-lysine, and is intended to  the
metabolic substitute is a - benzylidene - compensate for the loss of
pro-lysine in baking,  L - lysine. which is about one-eighth of the loss of
lysine  8. A process according to any one of the under the same baking
conditions.            preceding claims in which the metabolic sub-  120
5                                        1,477,687
5 These doughs are allowed to ferment at    After 14 days the group of rats
fed a diet  60 [err] for 75 minutes, and then allowed to  prepared from
this bread, gluten and zein has stand for a  further 45 minutes. Three 300
the- same average weight gain as the first gram loaves are prepared from
each batch,  group of Example 1, serving as the reference which are baked
for 35 minutes at [err];  (lysine monohydrochloride, no baking), which the
temperature of the crusts is then about  shows that 2.07 g of pro-lysine
have remained  65 [err]. After cooling the loaves have compar-  intact and
the small excess added has exactly able appearance, with loaf No. 3
(pro-lysine)  made up for the  losses. having a more pronounced brown
colour. This 10  loaf also has the most pleasant flavour of
Example 6. the three, slightly better than Ioaf No. 2    In the preparation
of a milk food con- (lysine) and, in contradistinction to loaf No.  taining
milk solids, wheat flour and sugar, the 70 1, free from any flavour of
yeast.          available lysine content of approximately 5 g Loaves No. 2
and 3 are then made into   per 100 g protein fall after cooking to about 15
breadcrumbs which, after the addition of 25%    2.2 g per 100 g protein
(equivalent to 56% water, are toasted in an oven at  [err] for
destruction), essentially as a consequence of 2 1/4 hours. These
breadcrumbs are admixed  the Maillard reaction. 3.5 g crystalline lysine 75
with a basic diet containing gluten and zein   monohydrochloride
(equivalent to 2.8 g lysine) and fed to two group of rats for 14 days.  per
100 g protein are thus required to restore 20  From the average weight gain
of these groups  the initial content. The same milk food may of rats and,
by reference to the first group   be prepared with the addition, prior to
cook- mentioned at the beginning of this example  ing, of 5.67 g of [err] -
([err] - L - glutamyl) - ly- 80 (lysine monhydrochloride, no baking), it is
sine per 100 g protein, corresponding to 3.02 found that only 11%  of the
lysine has sur-  g lysine. This small excess of 0.22 g com- 25  vived the
heat treatment compared with 72%    pensates for the destruction of the
pro-lysine, of the [err] - (a- L - glutamyl) - lysine.       about 8%. The
milk food containing the pro-lysine  85 Example 2.                   is
much more homogeneous than that to which The procedures and experiments
described  lysine monohydrochloride has been added after in Example 1 are
repeated, substituting [err]    cooking. 30  (y -L  - glutamyl) -lysine for
e - (a -L - glutamyl) - lysine. The assimilability of the -   WHAT WE CLAIM
IS:- tested peptide is 85%, with a range of 75-   1. A process for treating
a foodstuff de- 90 100%; the bread does not have a yeasty  ficient in
L-lysine which comprises adding to flavour, and the toasted breadcrumbs
contain  the foodstuff an effective amount of at least 35  52%  of the
original pro-lysine.             one metabolic substitute for L-lysine,
said metabolic substitute being an [err]-derivative of Example 3.
lysine.                                     95 e-glycyl-lysine is tested by
the procedures  2. A process according to claim 1, in which described in
Example 1. The assimilability is  the foodstuff is a cereal. 



82%, with a range of 55-92%; yeasty            3. A process according to
claim 1 or claim 40  flavour absent; 80%  retention in the  toasted    2,
in which the metabolic substitute is added breadcrumbs.
prior to cooking of the foodstuff.         100 4. A process according to
any one of the Example 4.                   preceding claims in which the
metabolic sub- a[err]-diglycyl-lysine is tested by the pro-  stitute is an
[err] - aminoacyl - L - lysine or an cedures described in Example 1. The
assimil-  [err] - diaminoacyl - L - lysine. ability is 82%, with a range of
80-100%;.    5. A process according to claim 4, in which 105 yeasty flavour
absent in bread; 52% retention   the metabolic substitute is [err] - (a - L
- glut- in the toasted breadcrumbs.                  amyl) - L - lysine,
[err] - (y - L - glutamyl) - L - lysine,  - (a - L - aspartyl) - lysine,
Example 5.                      [err]- (L - leucyl) - lysine, e - (L -
phenyl- A loaf of bread is prepared as described   alanyl) - lysine, a - (L
- arginyl) - lysine, 110 50 - in Example 1 using e-glycyl-lysine
monoacetate   e - (a - L - alanyl) - lysine, L - [err] - glycyl - as the
pro-lysine, at a level of 2.18 g (8.25   L - lysine, or [err] - diglycyl -
L - lysine. mmoles), an amount slightly greater than       6. A process
according to any one  of claims the 2.07 g (7.87  mmoles) necessary for re-
1 to 3 in which the metabolic substitute is establishing the protein
balance in the flour.  a Schiff's base of L-lysine.           115 55 This
represents an excess- of 5%, equivalent    7. A process according to claim
6 in which to 4%  free pro-lysine, and is intended to  the metabolic
substitute is [err] - benzylidene - compensate for the loss of pro-lysine
in baking,  L. - lysine. which is about one-eighth of the loss  of lysine
8. A process according to any one of the under the same baking conditions.
preceding claims in which the metabolic sub-  120    6
1,477,687 stitute is added in the form  of a salt of the metabolic substite
with an edible acid. 9. A  proess  according  to claim 1 sub -
Chartered  Patent Agents stantially as herein described with reference
High Hoborn House 5  tp any one of the Examples. 10. A  foodstuff  obtained
by  a process            London WC1V  6SH. according to any one of the
preceding claims.  Agents for the Applicants Printed for Her Majesty's
Stationery Office by the Courier Press Leamington Spa Spa, 1977 Published
by the Patent Office, 25 Southampton Building London WC2A  1AY  from which
may be obtained.    SPECIFICATION NO 1477687 By a direction given under
Section 17 (1) of the Patents Act 1949 this application proceeded in the
name of SOCIETE DES PRODUITS NESTLE S.A ,     of Vevey, Switzerland, a
Swiss Body Corporate. THE PATENT OFFICE
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