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Abstract

Effects of Heating Process on the Enzymatic Digestibility of Meats. IL. The Digestibility
of Edible Liver. Y. Avano and S. OTsukA, Faculty of Horticulture, Chiba University,
Matsudo, Japan. Tech. Bull. Fac. Hort. Chiba Univ., No. 16 : 41~47, 1968.

The effects of heating process on the digestibility of the boiled liver (pig), and the
effects of removal of fat or reducing sugar from the liver on the improvement of digestibi-
lity, were investigated through peptic digestion method in vitro. The method of the removal
of fat or redusing sugar from the liver was as follows. Defatting liver was prepared by
using ethyl ether from the freeze-dried liver. Desugaring liver was prepared by using glucose-
oxidase enzyme, and the amount of reducing sugar (as glucose) removed from raw liver was
59.3%. The digestibility of both raw and boiled livers, at 100° or 120°C for 1 hr., was
increased according as prolonged digestion. However, the relative rates of the digestibility
of them were lowered in proportion to the elevated degree of heating temperature, during
all the period of digestion. The digestibility of them (incubated at 37°C for 24 hrs.), were
89.1% in raw liver, 84.4% in 100°C boiled liver, and 77.6% in 120°C autoclaved liver. By
removal of fat or sugar from liver, the digestibility was improved. The. degree of the
digestibility in the case of defatting liver was 3~4% higher than that of control, in all the
heating process at 60°, 100° and 120°C for lhr.. The degree of the digestibility in the case
of desugaring liver was also about 2% higher compared to control in same condition. From
the point of composition of nitrogen components in peptic hydrolysates of the livers, it was
recognized that defatting or desugaring liver was hydrolyzed to small molecules in compari-
sion with that of control, in all the heating process. Especially, this phenomenon was observed
in the case of livers autoclaved at 120°C. The presence of fat or reducing sugar in the
liver was considered as a factor that inhibits the enzymatic digestion. These substances had

the pronounced effect in the case of treatment at higher temperature.
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Table 1. Composition of liver (pig)
Moisture Crude | True Reducing Fat | Ash
protein | protein | sugar
% % % % % %
72.5 18.5 16.5 2.1 2.6 1.0
2. HKBoOFR

VA=A ET Vo A— TG TERE L2, BRI
FoTixZzoEEELIERT S, 7 br—F74
T A AL TCTHAEGERL TH5 A7, g R X OBk
FHIKD X S LTI L 72

D Bifshns

BREB LI A=Yy 7 Av—lE i fi &% H

v, EFVE— TV THRILI6RG AR A5 & il U CBiAR AR
&Lz

2) ik

L 3—iz glucose-oxidase %l (catalase % &de) %R
Asw, vAA—mo glucose & gluconic acid IZER{L
LChilE3 2w vz, B E B 3EEEEKK o
N5 3 07 (30,000 unit/g) & o, BERAIOER
2240, LA— A BERAIR IR R X OE AR
HENRICKSON & (1956) 3R o pi iz > \vW-TfT
7o I HEEDEIT L TREf L.

FPBEARME L PR L OBRE NS i, B
BelizL A—%EEIZ LT, Zhic 0.02%, 0.05%,
0.07%, 0.10% BX W 0.15% DEHIET B FEHZ RN
L, 30°C < 1B#[ incubate L7z, 7zBfEMIFX 10g
DL A—izt Uitk FEK (30% H,O, » 0.5ml %
10m/ iz dilute U7z% @) 10ml ZFHNL TRIGE (i
7. EINHERESD 5~10 3@ 3ml &, Y
E 5 lml FoRFEMLE. UEOX SI/EAE
H724 0, voAA—fd glucose &% HaNEs (1929) D
FHETEZ L. FOiFEIX Table2 ot BY THS.

Table 2. Relation between the concentration
of enzyme added to liver and the

amount of glucose removed from liver

Enzyme Content of Amount of

glucose in liver | glucose removed

% (unit) (mg %) from liver (%)
Control 1 2,070 0
0.02(0.6 x10% 1,750 - 15.4
0.05(1.5%x10% 1,000 51.6
0.07(2.1%10% 1,020 50.7
0.10(3.0x10% 1,000 51.6
0.15(4.5x10% 916 55.7

The liver was incubated at 30°C and hydrogen peroxide
was added while reaction was carried out.

Table 3. Relation between reaction time and the amount of glucose removed from liver
Concentration of enzyem
Reaction time
0.10% 0.15%
(hours) Glucose in liver | Amount of glucose Glucose in liver | Amount of glucose
(mg %) removed from liver (%) (mg %) removed from liver (%)
Control 2,203 -— 2,203 —
1 778 64.6 792 64.0
2 757 65.6 688 69.2
3 764 65.3 674 69.4

The liver was incubated at 30°C and hydrogen peroxide was added while reaction was carried out.
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Table 3 (2 X 5 &, BAEFGEMEL 0.10% OHE,
PERIRERIAS 1 BER 2> & 3 B & TIX#065% DRI R & /R
LTARZERL, 0.16% 054, AR 2 & 3K
R OTEZH69% O iR L 7R L 7.

U EOfEEPS, ARG TOIELELERL S—~
o glucose-oxidase F|DFMEE0.15%1c LT, VEHK
2 iR, VEAIREE 30°C 0T - . BlEH
FIIXATRC & 1Al U BGE TR LK TR Z RN L 72 Bkt
BESITE N —FF7A47 A AETHEZET T -
THasE R & L7z, AREOBEERIX59.3% Th - 7z.

3) L

EOREEFACEESE, FET LA —TERLE
Li—2g % 200ml BREA/T7 T A EBREL, 7K 20m/
iz, PIEEETI1RMINELIEL 72. 528k H
WBHEENE, 0.5g & 200ml A=EMAT7 T R alTEREL,
7k 20ml AT WL 7z, 60°C & 100°C o jn
FEvkhe, 120°0C on&ic ZA— s 7 v—7E2Hv
7o, FORBIMEFEICERE UK InEANC S 5 U
75 2aRFELTRE, MEABEROEIZL VKITE
- 7z,

3. ANTHtESE

P Eo X5 CingniE L 7z 3T 0. 2N IGREIAIK T
pH 1.8 TR L7, BEFRAIR7V v 50mg 2Nz,
BFE S0ml K LTEHEORRBEEZN1IZL L. &
e 37°C ofaRBIc AN, LEEEREIZITRVEA
BB FTERR incubate U7z, fHEMSPLEVH LD
DX, WOFTHEIZ X - TH{LHE /2 5 CIT proteose ZFHR
peptone ZEF, ¢-amino FBFE R XL N ¢-amino acid £
FHE L. RBAEBRICAVIeR7 YV i3 = EH SR
DOIEHBF,Y T, TONINLL % B¥EA B 10
m/ % 37°C ¢ 1R i {bLE85ic 1.5mg 2L
7z.
L HLROHHE
fHIRMR 2 BEY MU BRI 20% + ) 7 v — v
Kg (TCA) BIK 20ml Zjnz, 30rER, SHic
KTEARE 100ml L Lz, »BL, 2EO—EEI
SVWTEE R Micro-Kjeldahl griz X W BEL, _7v
Vil iz X v #in3% TCA miEHEFE0H &% kKT
X o TRw, BEALH{EEE L.
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BEATHE= ST <100 (%)
n, 1 RV UMLK, BREALTHBRLICAKHOE
%

n, : RSV DOHRDIEREERE

N: #@eloeERE

B : oSSR

2) proteose ZEFE I LN peptone R DFER

FEESE 2 HELY U BRI 1 Nl Y — F
WeHRILTHL, EHbHE 5KAT205MINEL T
BEFEENEEL ST, KTEAFE 100ml & Lckk, 2
#E (No.2) THHML, AMEMLAERY & LTaticit
L. PW{bERPIPOLEFRITFTO—E% & Y Micro-
Kjeldahl ¥ GiEZ L 7-. proteose £33 X () peptone
ZEEDEET WINTON 5 (1947) o ik 7. F
7 h proteose ZEFAII LAY I HE BETESN & RO &
BB ETR B E AL, O B Y 0ERE
Micro-Kjeldahl @iz X v B8 L 7z. peptone ZEFRILH
[VERBC HALF bV o A, Zr=rEER Nz, —K
12°C ITBE L, —ERC Lk, AHIL, AH]IC2T
2232% Micro-Kjeldahl #:iz X v B8 L, HLAERDH
DEEEFEND proteose FEHRL L HIZEFTKD /2.

3) «¢-amino 2%, «-amino acid BZEDEE

MILERYIC T, a-amino 31X Pope-Stevens
#: (PopE, 1937) % fv>, <-amino acid ZEFIL nin-
hydrin Z{gf &4, FRAETHRELT A EZKEILAY T
LB CHFL Lictk, HBTHE L TERT S HK
(VANSLYKE, 1941) % v 7.

4) peptide 7O VHIARE SORMBE

Hoover & (1947) O/RL7RD X 5 inHHIKIC X
- 7z. 7B potential ¢-amino ZEFEFH(LAERYE 6N
HRERAN T 8 BERY, ANETF (1.lkg/em®) THXMRL 7B
g¢-amino 2¢3%% Pope-Stevens B2 L Y EEL 7=.

peptide 4rF D KRk & & (average chain length)

A

B
peptide T DNy 7 I 2 By (average number of

amino acids in peptides)= %:g

A : potential ¢-amino 3

B : g-amino 2

C : ¢-amino acid ZEF

A — C : potential ¢-amino 223 (peptide H1D)
B —C : free g-amino ZE3F (peptide D)
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Fig 1. Digestibility of liver with pepsin u
BAEX (BiAE v S—), BiEX (BikEv~—) B
Table 4. Effects of removal of fat or reducing sugar from liver on the digestibility
. Total N in | Free N in N contained | Free enzy- | Digested N | Digestibility
Treatments g‘fitelgsg substrates | substrates |free enzymatic N | matic N (%) (%)
of liver (1hr) (%) (%) (%) (%) n,—n,—B
(N) [B] (n,) (n,] [nl'—nz—Bj N—-B
raw 1.26 9.19 6.82 86.4
Control 60°C 9.15 1.73 9.12 1.11 6.28 84.6
100°C 1.26 8.54 6.17 78.2
120°C 1.58 8.18 5.49 72.5
raw 1.11 10.20 7.98 88.4
Defatting 60°C 10.13 1.47 10.13 1.11 7.55 87.1
100°C 1.15 9.73 7.47 83.1
120°C 1.47 9.22 6.64 76.6
raw 1.68 9.26 6.61 89.4
Desugaring 60°C 9.07 2.13 8.92 0.97 5.82 83.8
100°C 1.80 8.59 5.82 80.0
120°C 2.25 8.32 5.10 74.7
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Table 5. Fractionation of hydrolysates of liver obtained by 24 hr.’s hydrolysis with pepsin
. | Sub-peptones
Treatments |Heating }li;gshyi r0915- Proteoses Peptones and amino
of liver p(l.({c}??) of N in subs- | as % of Nin [as % of Nin | as % of N in ras % of N in 2}:1?\’1 ?; %
trates substrates hydrolysates | substrates \ hydrolysates 1 substrates
raw 95.0 17.2 18.1 38.6 0.6 | 39.1
Control 60°C 84.2 7.4 8.8 40.5 48.1 ) 36.2
100°C 80.0 7.4 9.2 39.2 49.0 33.3
120°C 74.5 8.1 10.9 40.8 54.8 25.4
raw 99.0 15.6 15.7 44.3 44.7 39.1
Defatting 60°C 89.5 | 6.8 7.6 43.5 48.6 39.1
100°C 83.3 I 7.1 8.6 40.7 48.8 35.4
120°C 77.6 ‘ 7.5 7.7 38.2 49.3 31.7
raw 83.8 6.3 7.6 39.5 47.1 37.9
Desugaring 60°C 83.5 6.3 7.6 41.2 49.3 35.9
100°C 79.7 6.3 7.9 39.4 49 .4 33.9
120°C 74.5 6.9 9.2 35.7 47.9 31.8
Table 6. Production of peptides and free amino acids during the process of 24 hr.’s
hydrolysis of liver incubating with pepsin
Treatments | Heating process g-amino N, as % | ¢—amino acid N, | Average chain Average number
_ of N in hydro- | as % of N in length of pep- | of amino acids in
of liver (1hr) lysates hydrolysates tides peptides
raw 19.8 5.1 3.1 3.8
Control 60°C 22.0 5.1 3.1 3.7
100°C 19.8 4.7 3.3 4.1
120°C 17.7 2.9 3.6 4.1
raw | 20.4 4.6 3.0 3.7
Defatting 60°C 22.2 4.8 2.9 3.5
100°C 22.2 4.3 3.1 3.6
120°C 19.0 3.3 3.5 4.0
\ raw 24.6 5.2 2.7 3.8
 Desugaring 60°C 23.6 5.2 2.8 3.3
100°C 22.3 5.5 3.0 3.7
120°C 21.0 5.1 3.3 4.1
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Table 5 ¢k 5 &, HLERYHOREFTIIHIEXN
TOERENP—FEL, BEX L BNEXO/ICEd E
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W%, %7z sub-peptone X amino acid ® X 9 7g/Nar
TOTRE, BIEXDOIES A, 20 fEE R EALTY
5.

BidEX & SEX O LTI, MbERTFORER
DEREZINBD S OLMNIMEL BIRLALEED D
72\ %3, proteose ZEFRD AL M AL EHX DT 5 BN E
<, sub-peptone & amino acid FBEDZEFEDHEREIT,
Bk LT 120°C izMBL 725 DB EL 75 - TV 525,
FOIEPTRENRZ .

F A X E b INAMENRERECIRE, HIERYH
DEBRDAEREIXE A, proteose ZEHRDH AL I
K4z & <, sub-peptone & amino acid BEDEFZEDHE
BREFELS 72> T b, ZHITIMRLERE NS 755
&, TNRETINTF~OTBPEND ZEERTLOT
5. ZOEMTGIER S CIchiENEEY Lz 0k b
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Table 6 |z X % &, @-amino ZE3E L @-amino acid
EBROARE T B INEERRE L L HEXP—EEHL, KR
THiEX, SUEXONEIZ > Tv%. peptide 2 F0D
SRR E SIXR BB & LB A—B &< &
R, MUBXOIEIC /L > Thb. 2 DL 72
bOPRL/PITFETCOHRIATEZ L EZRALT
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FeEXE bINBGAE R E X 8L k5L, o-amino
ZEH o-amino acid EBFEOAEKEIZL L, peptide 7>
FiIR&EL, peptide DT IV BELEZLL->Tw5.
AV INBMUERRE RS < 725 L DRBENS T L IR
LTw5%.

UL OERBEEPS, vA-EKELIEE, TOH
(LS INBGRE R E L 5 L EFL, 120°C &L

TBEFHSE RT3 2L B9 83bis. ZOETD
FHEE LTE, vA—-AoERAEOME X 540, I8
B5DFELE, IMEWZ X % amino-carbonyl RIGARYIDHF
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W B, O NERNMEED M R EOBERET
E0EBHLZLOTHS. TOME, BilEn bR
BEL72b D O LERIT R INEERRE & b E|UEDO S D LY
BEHTBY, HILERYOBEFREDOMERD K b H T
b, BiAE7R & BB T8 - 2 b Dk, X /gy
FOLDEZHMRIN TR ERRD L. KT 120
°CITIBL =G Ec 20HEANEFCH bbbz, H
Ero Iy rolibEET A RTE LT, EHEOM
BAMLISNC RS, BioHOFERE L bh, Thbi
INEL 7B BB LS HET B Z L3 - 7.
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BV A= (B 2KELEE, INEKEAEDON
LT ED X HITFET B0, F BiE & U ik L
L TKELRRES, BILERED X S KA ET NI
DV, XSV X B ATHELERBRE TR - 2.

1. EBRERcRT 2 H R0 EZE, EOL O,
HIEL 725 @ (100°C R X8 120°C ¢ 1) W& &
Lo REIC E v ER L. L LINBRERS
Wb DIE L LRI 5 72, 37°C T24EE nY/LE D
WILRIZED L 89.1%, 100°C B L7234 o 84.4
%, 120°C THEL 72bD77.6%Th - 7z.

2. Pifls (BESEV A—% T F VT — T T
o pikE (v _—% glucose-oxidase THLH L 72
%, HEEEZE, BiREEE59.3%) Wz X v bERZmE
U7z, Bifig U7z b o 0 EALERIT LD & D X b Zin#k
BipE (60°C, 100°C XUt 120°C TI1HEED & 149
S~4BE noTe. BELZLOLKN 2% Bk
7o WMALEBDFARDOERRIDHBRDOEPEHRTY, B
JE72 6 I BiFE AR 2 1575 » 7 b DI EUMEDO LD L Y
INGFOLDRTHMENTWBZ LAWD L. T
120°C i L 72 b 0 CRZOFAN H FE L Hbbh
7z.

3. vA—-oHtEHETSIET L LTEHED NE
EHLSNT, BRETHEOFENREZ 2O, Thbik
MBEBEEREHCHEICE LS FETI I BT -7z
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