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Studies on the lysine-rich food
I. Loss of lysine, and browning and its prevention

Kaoru Inagami and Tamiho Koga
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Fig. 1, Correlation of liberated C0z with
lysine concentration by the L. Ivsine de-
carboxylase method.

Main chamber : 1 ml, lysine solution, 2.0
ml pH 5.2, 0.1 M citrate buffer solution,
Sidearm : 0.3 ml, enzyme solution,
Temp, 37. 2°C.
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Table 1, Substrate specificity of L-Iysine

decarboxylase,
CO; liberated
_ Substrate . o E (sl
Arginine-HC1 1 mg/mi 0
e-N-Acetyl-L-lysine 1.12 mg/ml 0
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Recovery of lysine from various foods

by the L-lysine decarboxylase method.

[ Lysine
. Sumel | (mg)
0.5 ml of lysine solution (2 mg/ml) 0. 999
1 ml of 10 tim?s 1(:‘_li.Iutecl sogéal sou;e 0, 404
. 0.5 ml of 5 times diluted sov souse
M]xture(o_S ml of lysine solution (2 mg/ml) L. 364
1 ml of 8 times diluted fermented milk 0. 027

Mixture

0.5 ml of 4 times diluted fermented milk 1.007
0.5 ml of lysine solution {2 mg/ml) ’




Table 3. Effect of various amino acids on
the color developed in a dilute glu-
cose solution, 10-3 M of glucose
were heated with 104 M of amino
acid in 20 ml of pH 7.0, 0.05M
phosphate buffer solution at 110°C

for L hr,

Amin 0- acid i Browl;n‘i:agb:]o;bance
Non added 0,225
Lysine 0. 800
Glycine 0. 340
Alanine 0. 286
Serine 0. 230
Threonine 0. 220
Cystine 0.135
Glutamic acid 0. 175
Histidine 0. 298
Tyrosine 0. 340
Tryptophan 0. 460
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Effect of various sugars on the lysine inactivation and the browning.

1.3710-% M of lysine were heated with 2. 74X 104 M of sugar in 20 ml
of pH 6.2, 0,05 M phosphate bufier solution at 110°C for 1 hr.

Lysine content Lysine Browning
Sugar Treatment |after treatment ty ti absorbance
T (mg/ml) rest ratio at 430 ma
Non added unheated 0.878 100 4]
Non added heated 0.878 100 ¢
Glucoe o 0.820 93.5 0,052
Fructose u 0. 864 98.5 0.076
Galactose #” 0. 83z 94.8 0,085
Mazltose # . 850 97.0 . 053
Sucrose & 0, B&G 92.0 0. 014
Lactose w 0. 820 93.5 0.032
Xylose # 0. 794 90. 4 0, 151




Fig. 2, Effect of pH on the lysine inacti-
vation in a dilute glucese solution.
20mg of lysine and 50 mg of glucose
were heated in 20 m! of buffer solu-

tion at 110°C for 1 hr,

pH 3.8—0.08

M acetate buffer, pH 4. 6~7.6—0.05
M phosphate buffer, pH 8.3—0,05 M
phosphate-NaOH buffer.
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Table 5, Effect of glucose concentration on the lysine inactivation. 1L39X10-4 M
of lysine were heated with 1.37 10—+ M, 2. 74X 104 M, 5. 47 X10-* M, 8.22
X10=¢ M, 1.09x10-3 M and 1.37<10-3 M of glucose in 20 ml of 0.O5 M
phosphate buffer solution at 110°C for 1 hr,
T
pH | Lysine content Lvs
e _ ysine Absorbance
Glucose Treatment Before “After afteg treat{nent rest ratio at 430 m#
| o | treatment | teatment | (m&/mD 4 T T | T
Non added unheated 7.28 7.28 0. 986 100 o
Non added ” 7.28 7.15 Q. 985 100 0
1M~ ” 7.28 7.15 0. 936 94,9 0.050
zZ M ” 7.28 7.08 ‘ 0. 879 89.2 0.122
4 M #” 7.28 7.04 0. 835 84.7 0.275
6 M ” 7.28 7.00 0.783 79.4 0. 440
8 M 7” 7.28 6.99 0, 683 69.2 0.574
10 M ” 7.28 6. 90 0. 669 67.8 0. 780
* Mol-ratio per lysine
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Table 6, Effect of pH on the lysine inactivation and the browaing in lysine-glucose-
citric acid system. 20 mg of lysine and 200 mg of glucose were heated in 20
ml of 1,0¢10-3M citrate solution at 110°C for 1 hr.

pH
" Before After
__ treatment | treatment
1.89 222
2.20 2.50
2.70 2,80
3.10 3.15
3. 50 3.63
4.01 4.20
5.00 5.00
Unheated

Lysine cantent Brownin
af]:er treatment I.ysmtt: } absorban%e
(mg/ml) Test ratio | at 450 ma
Q. 936 9z 1 8]
0.91% 90, 4 D
089 88.2 Y]
0.947 §3.2 1}
0, 998 93.0 o
Q. 940 95 v}
0. 852 83 8 Q
1.016 lOCI 0 _
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Table 7,

Effect of concentration of citric acid on the lysine inactivation and the

browning in lysine-glucose system. 20 mg of lysine and 200 mg of glucose
were heated in 20ml of citrate solution at 110°C for 1 hr.

. pH Lysine content Lysine Browning
Citrate added Treatment “““Before | After afte(r tt}a;tig:ent rest ratio a?%a&ie
) ... _|treatment | treatment | \M&/TL) wommn

Non added unheated 3.00 3.00 1.016 100 0

0.2x10-1 M heated 3.00 3.30 0,992 97.6 0

1.0 104 #” 3.15 3.00 0. 933 91.8 0

2.0x10-4 “ 3.40 330 0,916 90. 1 (o]

1.0 10-8 ” 3. 10 3.00 0. 886 87, 2 o}

2.0x10-3 ” 3.00 3.00 0 855 84.4 Q

6. 0 10-3 " 3.00 3.20 0.579 &6, 8 0
C;gjggzﬁy;-igf heated 3.00 3.00 0. 885 8.0 0

Table 8, Effect of various buffers on the lysine inactivation in a dilute glucose
solution, 20 mg of lysine were heated with 200 mg of glucose in 20 ml of
0.05 M buffer solution at 110°C for 1 hr.
pvH Lysine content : Browning
Buffer Treatment |— g -, ——————p-.. . -|after treatment Lysine ahsorbance
Before | After (mg/mI) rest ratio | T ey e

e b ltreatment [treatment | TE/MY | _LEITRE
Distilled water unheated 7.20 6,70 0. 680 100 0,020
Distilled water heated 7.20 6. 60 0.948 96.7 0.015
Na-Phosphate » 7.09 7.00 0. 697 71.1 0.710
Tris & 7.00 7.0 0. 881 89.9 0.015
Na-Citrate ” 7.12 6. 75 0. 735 75. 1 0.248
Citric acid-Phosphate ” 7.12 7.00 0.651 66, 5 1. 495
Borate-NaCl # 6, 80 6,19 0. 826 84,3 0.275
Veronal-HCL » 7,12 6.91 0. 675 68,9 0.016
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Table 9, Effect of varions phosphates on the lysine inactivation and the browning in
the glucese-lysine system. 20 mg of lysine were heated with 200 mg of glucose
in 20 ml of 0.05 M phosphate solution at 110°C for 1 hr,
pH Lysine content | ..
. o o ysine Absorbance
Phosphate Treatment Before After afte(r g;atgmt rest ratio | at 430 ms
_ || treatment | treatment | ‘M&/™ L
Water unheated 7.00 2,00 1. 014 100 0,002
Water heated 7.00 6. 85 0, 960 94,6 0. 003
Qrtho phosphate #” 7.00 6.92 0.628 62.2 1. 346
Meta phosphate o 7.02 6.50 0.754 74.4 0.820
Pyro phosphate " 7,00 €. 50 0. 758 74.7 0.710

Table 10, Effect of the concentration of phosphate buffer solution on the lysine inactiva-
tion and the browning in a dilute glucose solution. 20 mg of lysine were heated
with 200 mg of glucose in 20 ml of each buffer solution at 110°C for 1 hr,

Concel;:ltration T pH Lf)rsine content Lysine B':'ow';ling
of buffer reatment | —po3 | A after treatment f abgorbance
s Before After rest ratio
B so{uﬁtmn || treatment | treatment (m"f/_(fl) o at 43b m#
Distilled water | unheated 7.20 670 | 090 | 100 0.020
Distilled water heated 7.20 6. 60 (. 948 ; 96.7 G.015
oM M w 7.0 6.75 Q. 843 86.0 Q.178
002 M » 7.00 6. BO 0. 798 81,4 . 324
0.03 M o 7,00 6. 90 , 727 75.3 0. 579
0.10 M ” 7.09 6.75 O, 697 7.1 0.714
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Fig. 3. Effect of heating temperature on the lysine inactivation in a dilute glucose
salution, 20 mg of lysine were heated with 200 mg of glucose in 20 ml of

pH 7.0, 0.05 M phosphate buffer solution for 1 hr,

Table 11,

Effect of various amino acids on the lysine-glucose reaction and the browning.

1.37:10 M of glacose and 1.37>10-# M of Llysine were heated with 1.37¢10-4
M of various amino acids in 20 ml of 0.05 M phosphate buffer solution at 110°C

for 1 hr,
pH Lysine content Lvsine Browning
Aminoe acid Treatment Before After afte(rmtr?s::lrslent res¥ ratio aﬁsc’;géanc;
_ | treatment | treatment | V&Y | | A EUIA
Non added unheated 7. 10 7.10 0. 969 100 0.000
Non added heated 7. 10 6. 85 0.7277 79.4 0. 620
Glycine ” 7. 10 6. 65 0. 789 8l. 4 0. 660
Alanine # 7. 10 6, 80 0.752 77.6 0. 670
Serine Py 7.05 6.80 0. 694 7.6 0. 685
Threonine ” 7.00 6. 80 0.766 79.0 0. 620
Cystine “ 72.00 &, 80 (. 833 85.9 0. 260
Glutarnic acid ”r 6,90 6. 65 0.812 83.8 0. 475
Histidine ” 6. 90 6. 70 0. 769 78.9 0.573
Tyrosine ” 7.10 6. 85 0.729 75.2 0.739
Tryptophan ” 7.10 6,85 0, 704 2.6 0. 902
Glucose heated 7.10 7.00 — — 0. 105
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Table 12, Effect of various metals on the lysine-glucose reaction and the browning.
20 mg of lysine and 200 mg of glucose were heated with 10-4 M of various
metal salts in 20 m] of 0.05 M phosphate buffer solution at 110°C for 1 hr.

Hp | Lysine content | | o Absorbance
Metal added | Treaiment “Before T Afte: —-I afte(r tr;atlment r es’{ ratio at 430 mz
ool .| treatment~| treatment | (M&/MD | T T 7
Non added unheated 7.20 7.20 Q. 946 100 0.016
Non added heated 7.20 7.00 0.727 76.8 0.579
KCl P 71.20 7.00 0. 730 7.1 Q. 570
MgClz » 7.15 6.9 0. 750 9.3 ppt Ewhite brown)
CaCls P 7. 10 6,90 0. 756 9.9 ppt { white brown)
FeClg w | 720 6.90 0. 697 73.7 | ppt (black
ZnCl; #* | 7.0 6.93 0.739 78.1 ppt (white

* Adjusted with NaOH solution,

Table 13, Effect of MgCls at various levels of concentration on the lysine-glucose
reaction, 20 mg of lysine and 200 mg of glucose were heated with MgCly
in 20 ml of 0.05 M phosphate buffer solution at 116°C for 1 hr.

] rH Lysine content Lysine
MgCl: | Treatment | perore ——ter A€l treatment| 1o i
el | wreatmentt| treatment | &™) |

Non added | unheated 7.05 7.20 0.968 100
Non added heated 7.08 7.00 0, 763 78.8
1 M*(27, 85mg) P 7.02 7.01 0.767 79.2
2 M(55. 70) » 6.58 6. 90 0.843 87.0
4 M(111. 40 ” 7.12 7.12 0, 836 86,3
8 M(222. 80 " 6. 63 6.50 0. 969 100

* Mol ratio per lysine. 1t Adjusted with NaOH solution.
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Fig. 4, Effect of ascorbic acid, acetaldehyde and furfural on the lysine inactivation
and the browning, 1. 37X10-¢* M of lysine were heated with 2. 74x10~M of

carbonyl compounds at 110°C for 1 hr. in 20 ml of phosphate buffer solution at
various levels of pH,
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Attempis to prevent from the browaning of lysine-glucose solution by the
18 mg of lysine and 200 mg of glucose were heated

with 5, 10, 25, 50, 80, and 100 mg of polyphosphate in 20 ml of 0.05 M phos-
phate buffer solution at 110°C for 1 hr,
Polyphosphate added : Mixture of sodium polyphosphate 29 95, sodium meta-

phosphate 55 %,

godium pyrophosphate 3 %,

and sodium phosphate mono

basic 13 %.
pH Lysine content Lysine Browning
Polyphosphate Treatment Before | After afte(rm tr/e:ltlr)nent rest ratio :Es:gga;ie
Non added unheated 6. 90 6. 90 0.777 100 0
Non added heated 6. 90 6.83 0.693 89,9 0, 800
5 mg " &, 90 6. 8¢ 0,711 92,2 0. 800
10 mg ” 6. 90 6. 80 C.711 92,2 0. 769
25 mg 7 6. 90 6.78 0.711 92.2 0. 8OO
30 mg #” 6. 90 6. 75 0.712 933 0. 76D
80 mg o 6. 90 6.75 . 707 21.6& 0. 750
100 mg # 6. 50 6. 70 0. 692 90.6 0.738
Table 15, Attempts to prevent from the browning of lysine-glucose solution by addition
of various polyphosphates. 18§ mg of lysine and 200 mg of glucose were heated
with 20 mg of polyphosphate in 20 ml of 0,05 M phosphate buffer solution at
110°C for 1 hr,  Polyphosphate 1-A, 1-B, 1-E, 2-A, 2-C and Menlite were the
mixture of three or four kinds of polyphosphates, given from Takeda Co. Ade-
carin was cyclohexaphosphate, given from Tokai Busan Co.
pH |Lysine content Lysin Browning
Polyphosphate Treatment . -—rm—ym———- after treatment ysme, absorbance
Before After ’ (mg/ml) rest ratio | . Tan
o treatment | treatment | \M&/MU | - smA
Non added I unheated 2o | 72 0.920 100 0.011
Non added ;  heated 720 | 720 0. 765 83.1 0. 600
1-A ” 7.20 : 6. %91 0.788 85. 6 0,575
1-B o 7.20 6.95 0.754 81,9 0. 855
1-E “" 7.20 7.00 0.697 75.7 0,715
2-A # 7.20 7.03 0.751 1.6 0. 808
2-C " 7,20 5. 99 0.815 88.6 Q. 710
Meanlite » 7.20 6. 90 0.736 80.0 0.980
Tripolyphosphate “ 2o ! nn 0.726 78.8 0930
Hexametaphosphate " 720 | 7.00 0.725 84.8 0.555
Adecarin | " 7.20 7.00 0.776 84.3 0.612
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Table 16, Attempts to prevent from the browning of lysine-glucose solution by addi-

tion of anionic surfactants,

18 mg of lysine and 200 mg of glucose were heated

with 50 mg of various surfactants in 20 ml of 0.0S M, phosphate buffer solution at

110°C for 1 hr,

Surfactant {commercial name) Treatment
Non added unheated
Non added heated
Sorbitan alkyl ester (Sorbon § 40) o

o Sorbon S 603 "

” Sorbon S5 80 #
Polyoxvethylene sorbitan alkyl ester

Sorbon T 40 -

” Sorbon T 60 ”

” Sorbon T 80 o

Sucrose fattyacid ester (Nitoester) #

Ca, lactyl stearate (Pan Plus) w

Mono glyceride (Monogri M) -

Silicone oil (KM 75) #

pH Lysine content { Lysine
Refore ~ T “After | 2iter treatment) rest
treatment | treatment | (mg/il) f‘a_nou_

7.00 7.00 0.915 100
7.00 7.00 0,690 75, 4
7.00 6. 90 0. 704 76.9
7.0 6.90 0. 690 75,4
7.00 6. 90 0. 656 71.7
7.00 6.90 0.708 77,3
7,00 &.90 0. 702 76.7
7.00 6.90 0. 666 72.7
7.00 6.90 0. 684 74,7
7.00 6. 80 Q. 707 77.3
7.00 7.00 0. 687 75.1
7.00 6.90 0. 485 55.0
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Fig. 5, Destruction of lysine in fermented milk and orange juice during the siorage
at 5°C and 30°C, 0.8 g of lysine-HCl were added to 100 ml of solation,
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‘Table 17, Lysine destruction and browning
in the lysine-rich bread,

Amount of added Ig;iﬁ;}li‘;“l Lg:;{:e Brown-
L-lysine-HCL | . C o0 atrer | ratio | D€ in
mg/100g Flour baking (mg) | (%) crust
Non added trace — +
200 171 85.4 | 4+
300 247 B2.3 | +4—
400 321 80,3 | 44+
£00 457 7.0 | +44++

Table 18. Lysine desiruction in crumb and
crust of the lysine-rich bread.

Amount of added [Lysine-HCl content L)’Sl.‘léle
L-lysine-HC1 after baking ot
mg/100 g flour {mg) y

A I A B ¢ -2 S

Bread 1, 500 mg crumb 417 83.4

o " crust 162 32. 4

Bread 2, : 500 mg crumb 353 70.6

e e cragt 136 27.2
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Table 19. Attempts to prevent from the browning of the
lysine-rich bread by the improved method on lysine

addition,
Methad of lysine addition Amclau;;; ;i;_]écllded Browning
in dough %Y per flour in crust
1. Non added = -+ él. 0}
2, Disolved in water 0.2 +4+ 2.0
. ” 0.3 +d—= (2.9
5 . 05 EI0 8 Y
. ” . T -
6, Suspended in shortening oil 0.5 +4+4 %& Og
7. Suspended in margarine 0.5 +-t-- E&O
8. Powder of lysine-HCl 05 +++— (3 53
9. Coated with hardened oil Q.5 +4+— 52. 5
10, Lysine-glutamate 0. 5* ++++ (4 Og
11, e-N-Acetyl-L-lysine 0. 5* +-+ (20

* Calculated amount

T
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B
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Fig. 7. Change of color of milk powder which was added lysine-HCl and «-N-acetyl-
L-lysine, stored for 63 days at room temperature (15~25°C). Spectrum was de-
termined with Multipurpose Spectrophotometer, Shimazu Co. No. land 4: Non
added. No, 2; L-Lysine-HCt 0.5%. No. 3: L-Lysine-HC1 1.0%. No. 5: «-N-
Acetyl-L-lysine 0.5 %. No, 61 e-N-Acetyl-L-lysine 1. 0%,
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Summary

In order to heighten the nutritional value of food, the lysine-rich food has been made. How-
ever, added lysine reacts on sugar in food and resul:s in loss of lysine, browning of food and fur-
ther bitterness, The condition which canges the loss of lygine and the browning has been exam-
ined and the method for preventing it has been studied,

1. Most of amino acids react on sugar and result in the browning, especially in case of addi-

tion of lysine it is remarkabie. It has been considered that this is due to the fact that lysine has
a reactive e-amine group. The conditions of lysine-sugar reaction were as follows: a) Effect
of the kind of sugar: Pentose reacted most strongly on lysine and hexose and disaccharide followed.
b) Effect of the concentration of sugar; As the concentration of sugar increased, the browning
hecame stronger, ¢) Effect of pH : The loss of lysine and the browning were weak in acidic so-
lution, but strong in alkaline, d) Effect of buffer solution : According to the kind of buffer solu-
tion used and its concentration, the loss of lysine was different. In phosphate buffer solution, the
reaction was accelerated but in Tris buffer solution, it was not,
e) Effect of heat treatment : In heating up to 100°C, the loss of lysine was not so strong, but over
100°C becams strong, f) Effect of other kinds of amino acids : Cystine, glutamie acid and histi-
dine inhibited the lysine-sugar reaction, but tryptophan and tyrosine accelerated it. g) Effect of
metal : In the existence of Fet++ion, the reaction was accelerated, but Ca++ and Mg++ ion inhi-
bited the reaction.

2. Lysine reacted strongly on not only sugar, but also aldehyde which produced when treat-
ing food and resulted in the browning.

3. In order to prevent the loss of lysine and the browning, several surfactants which seemed
to give any effect en the amino group of lysine were added to the solution of lysine and sugar,
which, afterwards, were heated, but the loss of lysine could not be prevented.

4, The decrease of lysine and the browning on the liquid food added lysine were examined,
Adding lysine to fermented milk or orange juice and stored at 5°C, the browning has hardly ca-
used, but at 80°C for more than ene month, the decreage of lysine and the browning of liquid
have been observed,

5. On the lysine-rich bread made by the usual method which lysine was added to dough with
water, 20 to 30 per cent of lysine added was lost and adding 0.3 per cent of lysine to bread, the
browning caused up to such a grade that it could not be sold in market, Therefore, the manu-
facturing method for lysine-rich bread which does not cause the browning hbas been studied. So
far, lysine was dissolved in water and then it was added to dough, however, adding lysine to dough
after having suspended it in shortening oil, little browning bas been observed, Further, adding
it to dough after having coated lysine with hard oil, the browning has been prevented.

6. The manufaturing method for Iysine-rich food adding «N-acetyl-L -lysine instead of lysine
has been found, and the browning has been perfectly prevented by this methed,
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