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Change of available lysine in food protein
by heating and smoking

K. Inagami and M. Horii
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Fig, 1. Effect of pH on heat inactivation of lysine in soybean protein.
Treatment : 100'C, 60 min.
L) & v bR, A YHET Y o v oRbe Lo SETEoRmEo &
1) pH o VO 2y BROAFHMDOTOHC LEBHICA

BENERo) v rokREL LT T 1 Rk
OMESAETSE L Z2T L L E Fhhto
3. ORI pH R X DEMAT A L MELD
NLIDTIHRDOTINER LK.

MO 0. 2g £t LIC pHS. 8 0 0. 1M
Frf—NefR - 1 ) v ol B IO 4.6, 6.2, 7.0,
8.0 0.1M V IEHIFEIC & b, Blic2ifl 0.2
Fra—2z 0.3 mMol. CHEIEROFNILT 0
4.6 = BN E) ALk oL B og pB B
AT, ZHEE W0C TE0SRBLT, DEEL
By oy REAE L, B OMMNER M D
Eunenl 3 ThaM SARNITiRcoBEEOR
BEAEAORIZTLTHE. WA iR 180~
200°C T 15~-30 5 P bR T 5,

COERZEIHOLITEA. BLIERMONA
b pH Z X2 TRAL Y OTE ) ¥ OMb A
Sht. pHE.0 & 6.2 TRIZEAL MPRAGH
od, FhIDBEI T Ve >T v
S ) & v DS Bk, T hit Rosenberg 51D
OFI VS rHEOMRILLELDLEELBRE.

HiIETALNB L I ICNOBE GEBTEN, T

haL, EhmbotdhwicEr 28EY S D
MORBETEL, TaAn 0T Ry Sk A b
A, Zhid T/ -PEBEOSEHFE—-RTLH0T,
BEHTRO N Y2 73 /BB Ly
KEookpwblEAbhA,

2) InMEEOE®

BEEBEH 0.2 g 7 v a—REROEPOHME
Yoyl 3=migdgermiizbon A8ml %
A THRERE T30 SMnmE L. Th ERH
OB DV T TS0k,
ZOERRE2HEOL S THS. BLERIN#O
it 100°C G BLALANEY Sryo RERS
s, EhLEiCRaE ARBLLTLE,
130°C, 30 AT oHERIC b LT 2050
O mAbit, Froa—RERNLELOTR,
TTRE WCC PTTHEDRY S OWDH & b1,
100°C Bt FomM T amc b LTk,

D HETIEORIOBRE

(1) 100°C, 60 Simikins

FHEOE Pva—2BAEZTHE. £hiC
pH 6.2 D | »BR i InA T 100°C ¢ 60 A



wa2e W2y

194 ¥ oE OK U
loof *
PROTEIN
tad
Z —
g sof PROTEIN
" + GLUCOSE
-l
e
- 80F
L
=
<
70}

——
% T

80 00

i20 130

TEMPERATURE °C

Fig, 2. Effect of heating temperature on inactivation of lysine in
soybean protein. Treaiment: 30 min., in water.

Table 1.

Effect of concentration of added glucose ¢n inactivalion of

lysine in soybean protein. Treatment: 100°C, 60 min., in pH 6. 2.

Heat treatment
Glucose added *
(Mol-ratio)* temp. time
C) (min.}
— 100 &0
0.6 100 &0
.1 100 a0
1.7 100 60
22 100 3]
28 100 &0
4.4 100 60
8.9 100 60
13.3 100 60
17.8 100 &0

Available lysine
content
(mg/g-protein)

Lysine inactivated

(%)

s
)
S

—_

(LRT RN EN - N N R T I

* per available lysine of protein
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Effect of concentration of added glucose on inactivation of

lysine in soybean protein. Treatment: 120°C, 30 min., in pH 6. 2.

Heat treatment
Glucose added :

(Mol-ratie)* temp, time
8] (min.)

— 100 a0

o 120 30

0.6 120 0

1.2 120 a0

3.0 120 20

61 120 30

12,2 20 o

Available lysine
content

(mg/g-portein)

Lysine inactivated

(%)

19.2
48,0
44.3
42. 8
40.9
38.5
38,5
38.5

BENECOne

* per available lysine of protein

Table 3.

Inactivation of lysine in soybean protein heated with some

compounds, Treatment : 100°C, 60 min.

Compound added
{8 Mol-ratio}*

pH of solution

#”

6.2

Glucose 6.2
Acetaldehyde ; 6.2
#” | 7.0

” 7.8
Agcorbic acid 6.2
o 7.0

o 7.8

6.2

7.0

7.8

”
Erythorbic acid

i
Furfural l
!
|
Formaldehyde !

o
5] 8]

&‘fﬁgﬁ?le lysine Lysine inactivated
(mg/g~prorein) (%)

15.7 0

41. 9 8

43.3 b

39.3 14

.5 18

1.2 10

39,0 15

37,1 19

35.4 23

29. 8 35

38,0 16

1%.6 56

* per available lysine of protein,
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HINVEIN Yy BEES 203V T OT I/
NERIEEHE>AE ST 20 THZ 2 Lbh
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IMHLFERNTOBIEA > R INTHEERE 20 THE
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Table 4 Prevention from heat inactivation of lysine in protein by

additions of food additives,

Prolein was trealed at 100°C

for 60 min. in pH 7.0 with furfural and additive,

_ Inactivator Food additive
{13 Mol-ratio)* (5 % to dry protein)

Furfural —
Furfural+Sucrose fatty acid ester
# +-Sorbitan fatty acid ester
»  +Glycerin fatty acid ester
# +8Sodium tripolyphosphate
# +Sodium hexametaphosphate

Available Lysine
lysine content inactivated
(mg/g-protein} (%)

44 2 8]
4.4 22
36.2 18
39.4 11
35,9 19
37.6 15
40.0 9

* per available lysine of protein

Table 5. Inactivation of lysine in soybean protein by the smoking

at 65°C.
‘ : zltesgtsugeatment without smoking ' Smoking at 65°C
Time - Available lysine Lusi "I Available lysine Luvsi
®r) | Content inactivated (%) | conieat inactivated (%)
L _ (r_];_:g_/g—protein)___ s ‘ ] {mg/g-protecin) I tiivale B
25 37.5 \ 18 | 2.6 ! 35
55 35,5 , 22 25,0 18
7.3 32.9 [ 28 2.6 | 53
FEM e furfural EMITRAT 2 &fEHEY © EOLEDTHB.
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MM 2T ¢ B, o DT & B otk
)2y EOBRESOTRE > MERTHNRND
ToREDO T,

1) KERAEOBRMRM ST Y & i
¢ e pe—XFz—F (Visking Co. 8} WRTIHS
HBlgd)lSml oA THSGELLOREE
&L WEnERERRT, FyHERCTE
WAt FLTHEOFER L H>TEE o
By 2 v BE RSk, SEUHHERE—&TOMH
B D R DR bOd Lok, ZORMITRES

AL G @& ThAritk ) & v dlkisic
MLLTBEITRALTHLN, BHMNMTSLLE
HFLEwiey L ah, 7.5 B E b
PrOLARusait Lz, R EL VY of
L& bicdfibe Z3h s 77 e FEIOMIE LS
oL EILND,

2) MNTONER

Foa— Tl Y — e BTN D & D&, BEY
& LTRIEBEQS DLW R T, ek B
LTH—nikeftl, FheFa—Tik&x8g H
TLY, 8°C T huPEBVTHMETE 2. &
St FBRcm LT,

ZDHBERT RO LBV T, NADSTHHMEY
CVRIOB ML LTEY, LhiCiEEnesinhs
& 30 BRMA LT

3 M & BATRIEEY o BRI S

EANS

S RTIEE — furfural RONBTAHHE
¥ v OF LB OIS L S M0 TG A 2 DL
(31 A%

AAMC AR St AR kA B B8 ¢
&9, zhinl 3 BHOREMATE (MY,
Fa—FRANT, 55C T 3M5R0ELM L. £
ORI BT HD &B DT, AEENLO PP
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Table 6. Inactivation of lysine in sheep meat by the smoking at 55°C.
: fte:.EE': . ct:reatment withoat smoking Smoking at 55°C
Time (R . [ — S
Available lysine i . Available lysine . . .
¢hr.) content Lysine inactivated . content Lysine inactivated
{mg/g-protein) - (mg/g-protein) |
0o | 34.6 | 0 34.6 o
1 ! 34.0 2 31.7 8
2 : 331 4 30.3 12
3 i 32.1 7 28.0 19
4 ' 31.4 9 : 236 32
}
Table 7. Attempis to prevent from inactivation of lysine in sheep
meat for the smoking by additions of some food additives.
. Available lysine . . N
r “:aé'gg't Food addilive (3% to meat) | content Lysine mactlz%tgd
(a ) (mg/g-protein)
_ ! —_ . ot ATRE/E-PTOLEIN) R A
— i — 13,0 4]
Smoking . — 7.9 R
Smoking Sorbitan fatty acid cster , 8.5 34
” Sodium tripolyphosphate i 83 a6
7 Sucrose fatly acid ester i 8.5 34

<, ML sl Lo TRk,
5 95T

il GO T, BrEBRT & kRNt B
TINAT S &Y 2 @b A, ChciEe
dE A b A 5 L WIREAEFL (AT
Ehibipnod, COEVE PO I 2 v oS
B2 oDBiREALRE. —PRBEIEO L LM
LS o 2507, 100C RO Mg s
AEBT T, THLEONKRTEZ BIULTH S,
ZOMPFHNTDMCUET SO F—2DE
koo b B ohnd, s HowmREiy
Lo ot &, BEFI3CC TIH/T D
EEED AR e h S F M CRUE DML G bhie T
E WD BELDL, 100C DEOMATIERRE
OHENELLEOERbEZ 2D EHALN
be ChMEDEABEEMMIELEHLIIC LT
A%

3 —oO i, e ad= ndkfithadifEt
LEAOLOT, 100C Lo Tso D (H21)
T4, TR VHET R kTS (B3R
chiz#EOB oY 20T 2RI ch S 0EH
MNATLVDWDIT L S A2l E 560
EEZGNS.

frirhedEh Ak, AT o std
AEBbid b = vibE8, Hl A ascorbic acid,
furfural Z O FSE T on ViET R BOEho
(iEEY O v b s A A, BT S A XS

LT, fMNLEMET~Ect0HB.
TrFe PR R RET 2 RENE, bbb
NI ARECEDO ) OO 30~50 Hid
AT IBENEEOT, VPRt EhTVE
TRAEIG BRI L 5 3 LERIERNT 5. ARORE
BICREHGORTRENRTOEMENLL ) &7
EMTIROTHEE LIMIHEEFEL S
REFSERTTIE 3 Y b 4 B R Ao 20 BT
AR O BRI R B L2 S hiin LA DB R
¥t Latode & 1D L BV 5,

i =

EHMEhd Y &2 @i & KR LOR RN I BT
HEEOEEPVERNOT, SRHLIASESED
@Y ok ThailEing k.

1) BEETBBTALTLEAE TN »
PRCT LN BAETTILTORBERFLLR
3. LTV Sy OHERIE o0 Bt ELLh
fro —OREBEAIELZMMML L EBZEHDT,
i3pss LA SEETH A,

2) FHPEY v voRLRAEND pH & Mgk
&Y, TARNNTHLHEE L, AR R
B iEsfELE. ZLTRETSEORNS
CHARMIERRENLY, biEIETIE—
Bigzok, ToRGEREH TR ST

3) ffvhicREnsHE, Knkhid o,
REMTIRD et st Bbha B ETE S

ascorbic acid, erythorbic acid, acetaldehyde,
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E. 85, 22. 16) Porter, R. R. and Sanger, F., 1948, Biochem,
3) Bruno, D. and Carpenter, K. J., 1957, EBio- Y., 42, 287.

chem, J.,, 67, 13. 17) Rosenberg, H. R. and Rohdenburg, E. L.,
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Sunmary

1) The amount of available lysine in food protein which was healed with sugar and treated
with smoke was determined, and the relation between these treatment and conlent of the lysine
was examined, The available lysine was determined as :-IJNP-lysine by lhe reaction with 2,4-di-
pitrofluorobenzene,

2) Ten per cent of the lysine was destroyed when protein was autoclaved 60 minutes at 100°C,
in pH 8.0 solution, and 214 when protein plus glucose was autoclaved.

It seems that the available lysine of protein is reduced by two reactions of which one is a
destruction of protein and the other is a Maillard reaction.

3) The reduction of available lysine in protein by heating was affected by temperature of
treatment, pH of solution and concentration of sugar contained. Twenty per cent of the lysine
was destroyed by heating with 3 Mol-ratio of glucese in pH 8.2 solution at 120°C for 30 minutes.

4} Ascorbic acid, erythorbic acid, formaldehyde, acetaldehyde and furfural reduced the available
lysine of protein, Nineteen per cent of the lysine was destoroyed when protein was autoclaved
with ascorbic acid at 100°C for 60 min,, in pH7.8, 56 % with formaldehyde in pH 6.2, 35 % with
furfural in pH 7.8,

5) A striking reduction of available lysine was found in sheep meat when it was exposed to
smoke for 4 hrs, at 55°C, One gram of meat heated at the same temperature without smoking con-
tained 34.6 mg of available lysine, but one gram of smoked meat contained 23.6mg of it, sa that
the loss of lysine was 32 %,

It has been attempted to prevent from the reduction of lysine on smoking by the addition
of polyphosphate and sorbitan fatty acid ester,
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