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Philosophy Behind the Establishment of
the Ito Foundation

Approximately half of a century has passed since I established a meat
packing corporation for commercial products in 1928. While involved in this
business, I have had occasion to serve as chairman of the boards of trustees
of several organizations related to the meat industry, such as the Ham-
Sausage Industrial Association of Japan in 1972, the Meat Packing Industrial
Association of Japan, and the Hamburg-Hamburger Association of Japan.

In 1980, unexpectedly, I was highly honored to receive the Order of the
Sacred Treasure, Gold and Silver Star from the emperor in acknowledge-
ment of my contributions to the meat industry and improved human nutrition
during my career. This illustrious award provided a strong impetus for me to
act on my long-standing concern for the future of meat packing industries.

My commitment to the establishment of a new research foundation for the
promotion of meat science was based on two fundamental philosophies : first,
leadership of the Association of the Meat Packing Industry should be trans-
ferred to people with novel ideas and, second, an advanced system for basic
research should be established in meat industries. Clearly, fresh leadership is
needed in changing situations for intensive development in the meat packing
industry. Although some technical product developments have been achieved
in certain individual corporations, the lack of basic research in meat science
at universities and other research organizations certainly will impede future
development of Japanese meat packing industries. It is urgent to end the stag-
nation in the meat industry through research support.

On the basis of these philosophies, I myself will resign from any official
positions in meat-related associations and will establish a new research
foundation to support and promote basic and applied research in meat
science.

Denzo Ito, Founder
June 1981

© The Ito Foundation



HEDODH S T L

(H )
REENZ, EWICET AR HRAZ AT, b o THER LN EE ORI & FRAE
HOLEEICETHIEZHWET %0
F %)
AMEIE, EBROHMEZERS 5720, ROFEEZT) .
(1) FAOERE, W, TS 5 IEEERNEZE K OV
(2) FAWOARE, W, TR 20 FUITA 2 AT ) KRFAFEOWIEREBI 03 5 Bk
(3) HADERME, WA, TS 207U BEN 7 ERA RO SN LR ZE DK
L7

(4) FAOARE, W, TR 2 WO K U8 #H

(F3EIHD
AR T 52 AT Bl ok
WEFIS74E EE 10| 487F  60,000T-H
58 2 52 54,400
59 3 60 49,800
60 4 62 48000
61 5 70 53,000
62 6 79 58900
63 7 95 70500
SRR CAE R 8 8 74,250
2 79 60,000
3 10 70 50,000
4 11 86 60,000
5 12 81 60,000
6 13 81 60,000
7 14 82 65000
8 15 81 69,100
9 16 78 59,000
10 17 82 60,000
11 18 67 47,000
12 19 57 41,000
13 20 53 37,000
14 21 58 40,000
15 22 55 41,000
16 23 55 48000
17 24 56 48,000
18 25 11 10,000
19 26 12 10,000
20 27 15 16900
21 28 11 10,000
22 29 11 10400
23 30 12 12,000
24 31 13 13,000
25 32 38 37,000
26 33 58 54,800
27 34 69 66,000
28 35 71 69,000
29 36 74 75000

© The Ito Foundation



N

LRSS RN, P A ST OBIZERTUEE =2 X 280 [ imEE] 124
7 E D o, BRIS64E 7 H 3 HICHBIEANE L TERMAKEKRR L SZ 27 s,
B244E 4 H 1 HICAWWEE AR ELEVRICBITEL LD THY, FEONFIZ, [H
XOHHLIL]I IIHBEBYTH) 7,

BT TYUMENE, FHR24FEEDL ST ARMBIEAL LTRETA2 L LR, ZOiEH)
WIARETITEEE ) T3, TOM, UHFIOWMIEREKFEDIHANZEEBBRD T 4 DRI
BiEVZL, FENFEDERRELTSYOOHD 5,

I, O RICEBREMNO TIRESHiREOD L EOEHH L LT B, K%L
BRI TEOEBENROTEEZ A ) AEOEEIIZ T, A BREFXEVOCTEIEEED
PRELF CE R EAEGEOREDI2DIEVORL, BIZENEERTE) 2w EHFLTBY T,

AL, 36 CER29MERE) BRI BT B 740 O 5 A B KT S5 0 kD &
W RRW e R & & b, 3R TTHERSMHEREHEOREELZD
ERME L FAEFEYROMELZ LDV T LD THY T2, UEOHMIZLD 5
T, BWHEEOEBEOZESICHED 2B ROMED—B L b 2 EFEETI ST T,

PRE304E11

MEE OB T —

Dear Sir :

I am very pleased to send you and your organization a complimentary copy of the
research reports of the Ito Foundation. This research foundation was founded by the late
Mr.Denzo Ito to advance research in meat science. The research reports are published
annually. Unfortunately, the articles are largely in Japanease ; however, in the future we
hope to contribute to the international development of meat science. Any constructive
suggestions or critiques from others involved in meat-related research would be accepted
gratefully.

You will find out philosophy behind the establishment of the Ito Foundation described
by Mr.Denzo Ito, in the research report of the Ito Foundation, Vol.36 enclosed here. We
appreciate any interest you may have in our research efforts.

It is my great pleasure to publish this report as the chief director.

Sincerely yours,
Nov. 2018

Koichi Ito

The chief director
The Ito Foundation

Hootthi Ao
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Disinfection of drug-resistant bacteria by gas plasma and analysis of the

mechanisms

(M BRERR AP TR IR AR AR AU 220 B, 2R R R TR ZE R R T TR

Akikazu Sakudo!, Risa Yamashiro! and Tatsuya Misawa

2

(1Laboratory of Biometabolic Chemistry, School of Health Sciences, University of the Ryukyus,

2Department of Electrical and Electronic Engineering, Graduate School of Science and Engineering, Saga University)

Recently, the growing risk of disease from drug-resistant pathogens has become a huge
public health concern. Drug resistance is possibly due to extensive and indiscriminate use of
antibiotics, which leads to the evolution of drug-resistant bacteria. In this study, we investigated
whether gas plasma technology is effective as a disinfectant against drug-resistant bacteria. A
dielectric barrier discharge (DBD) plasma torch was applied to suspensions of Escherichia coli.
The results showed that the viable cell count of E. coli was reduced to undetectable levels after
2 min of plasma treatment. Furthermore, similar results were observed for E. coli transformed
with a plasmid encoding an ampicillin-resistant gene, indicating that the plasma is similarly
effective against both drug-resistant and non-resistant E. coli. In addition, lipopolysaccharide
degradation and DNA injury of the . coli cells were detected by Limulus test and polymerase
chain reaction, respectively. Taken together, these findings suggest that the mechanism of
action of the plasma is unlikely to differ between drug-resistant and normal bacteria. Therefore,
this plasma method may be especially useful for eliminating not only normal bacteria but also

drug-resistant bacteria.
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Fig. 1 FE. coli cells transformed with pPRO-EX-HT-CAT and selected in ampicillin-containing LB agar were

proliferated either in ampicillin-containing LB liquid medium (H) or in non-drug-containing LB liquid medium
(D), and then subjected to plasma treatment for 0-2 min, and counted.

NS : not significant (Hvs[])
108 NS
107 ]
108 NS
10°
104
108
10?2
10’
10° T T T
0 1 2

0 1 2

Plasma treatment [min]

Viable cell number [CFU/ml]

Fig. 2 E. coli cells transformed with pPRO-EX-HT-CAT, selected in ampicillin-containing LB agar, and proliferated in
non-drug-containing LB liquid medium (H), and non-transformed E. coli cells proliferated in non-drug-
containing LB liquid medium ([J) were subjected to plasma treatment for 0-2 min and counted.

NS : not significant (Hvs[]).
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Fig. 3 E. coli cells treated with plasma were subjected to the Limulus test. Endotoxin was reduced after plasma

treatment for 0-2 min. **p<<0.01 (vs 0 min).

DH5a

Amp (-)
100 bp P

pPRO-EX-CAT DH5a

Amp (-)
P 1 kbp

[mn] O 1

0 1 2

Fig. 4 Non-transformed E. coli cells proliferated in non-drug-containing LB liquid medium (DH5a Amp(-))and
E. coli cells transformed with pPRO-EX-HT-CAT, selected in ampicillin-containing LB agar, and proliferated in
non-drug-containing LB liquid medium (pPRO-EX-CAT DH5a Amp(-))were subjected to plasma treatment for

0-2 min and PCR for 16S rDNA.

100 bp : 100 bp DNA ladder marker ; 1 kbp : 1 kbp DNA ladder marker

© The Ito Foundation



WHIHEE DO AT 7 A BRERR L A 5 = X LR 7

rDNADHEIR S N T W72 2 L AR S L7z,

HAT T AIIIHER (797 VEE) R
L EOBAENETHLA PLAERZ 25 L
T, RAEEREZES O LN SN S, Lizdso
T, LOXH) HRWHFICL ) SHBIgI N
DNAEG R ML BE D 53 ASFE SN2 DM IO
W, SHFAMICHITT 22 L TRIAA =X 4
PR DEEZ N5,

4. B 8

KRWEFRIZE Y, HAT T A<IIC X 5 HEHA i
PER & R E B O REZEE VA R WS LS 5
W o7z, 261, MNEBEDR S TdH 5LPSK
¥ ODNAD T 5 A< MBI X Y 5% %1 Tw
B2 ENG o Tle TS OEALIEIEAIEDOAT
L TR L DEMTH B0, HATF
A FEAMER I LT AR EEZ b,

X Wk

1) Y - SEATHPER A O BRI RI S, AR
g, 41 (1-2) : 9~13, 2006.

2) Hofacre, C. L., White, D. G, Maurer, J. J., Morales,
C., Lobsinger, C., Hudson, C. : Characterization of
antibiotic-resistant bacteria in rendered animal
products, Avian Dis., 45 (4) : 953~961, 2001.

3) Sofos, J. N., Kochevar, S. L., Bellinger, G. R.,
Buege, D. R., Hancock, D. D., Ingham, S. C., Morgan,
J. B, Reagan, J. O., Smith, G. C. : Sources and extent
of microbiological contamination of beef carcasses in
seven United States slaughtering plants, /. Food.
Prot, 62 (2), 140~145, 1999.

4) Calfee, D. P. : Methicillin-resistant Staphylococcus
aureus and vancomycin-resistant enterococci, and
other Gram-positives in healthcare, Curr. Opin.
Infect. Dis., 25 (4), 385~394, 2012.

5) Shintani, H. Sakudo, A. : Gas Plasma Sterilization
in Microbiology : Theory, Applications, Pitfalls and
New Perspectives, Caister Academic Press, Poole,
UK, 2016.

6) Sakudo, A., Shintani, H. : Sterilization and
disinfection by plasma : Sterilization mechanisms,
biological and medical applications, NOVA Science
Publishers, Hauppauge, New York, 2011.

7) Maeda, K, Toyokawa, Y., Shimizu, N., Imanishi, Y.,
Sakudo, A. : Inactivation of Salmonella by nitrogen
gas plasma generated by a static induction thyristor
as a pulsed power supply, Food Control, 52, 54~59,
2015.

8) Sakudo, A. Miyagi, H. Horikawa, T. Yamashiro,
R., Misawa, T.: Treatment of Helicobacter pylori
with dielectric barrier discharge plasma causes UV
induced damage to genomic DNA leading to cell
death, Chemosphere, 200, 366~372, 2018.

9) Green, MR, Sambrook, J. : Molecular Cloning :
A Laboratory Manual (Fourth Edition), Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, New
York, 2012.

© The Ito Foundation



HFE A D FER L & Ok 2 K o i B

Identification of the main factor determining the taste of Jidori meat

ACHOMOA
(R R R A7 b B 22

Kazuhisa Honda

(Graduate School of Agricultural Science, Kobe University)

Jidori is one of tasty and popular meats in Japan. However, the main factor determining

the taste of Jidori meat have not been identified. In the present study, quantitative analyses

were performed on the general biochemical components, free amino acids, inosine

5-monophosphate (IMP), and proteins in the thigh meat of Jidori and broiler chickens in order

to identify the candidate substances influencing the palatability of chicken meat. The paired

preference test for boiled thigh meats of Jidori and broiler revealed that Jidori was significantly

preferred in Koku and Jizokusei. However, the most of amino acids levels in Jidori chickens

were significantly lower than broilers, whereas no significant difference in IMP levels was

observed between them. The amino acids and IMP contents are not the causes of characteristic

feature of Jidori chicken meat. Further studies are needed to elucidate the relationship

between other molecules and the palatability of Jidori chicken meat.
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Table 1

Comparison of amino acids and nucleic acidrelated

components between Jidori and broiler chicken muscles

Jidori Broiler
Amino acids
Asp 87 = 6 131 £ 6% *
Glu 205 £ 13 282 + 27% *
Ser 194 = 17 269 + 26%
Gly 251 = 15 419 £ 503
His 154 = 20 392 + 42% k
Ala 636 + 22 643 + 37
Pro 124 =+ 6 233 + 24%
Tyr 50 = 5 1563 + 173 *
Val 88 = 7 237 + 25% 3k
Met 26 = 7 106 + 13% *
Cys w7 140 = 7% %
Ile 5 = 5 108 = 16%
Leu 8+ 7 229 + 29%
Phe 48 = 5 132 = 11% %
Lys 12 = 8 283 + 41%
Nucleic acid-related components

IMP 119 £ 24 118 + 21
HxR 446 + 45 602 = 82
Hx 195 £ 21 262 * 36

Values are means = SEM. (nmol/ml, n=5).
*, k% 5 p<0.05 p<001, respectively.
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Studies on stress response of Listeria monocytogenes isolated from retail

meats
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Yoshitsugu Ochiai and Yuko Yoshikawa

(Nippon Veterinary and Life Science University)

Listeria monocytogenes is recognized an important foodborne pathogen. Contamination in
meat has been shown to be higher than any other foods. However, the high prevalence of the
pathogen in meat remains unclear. We hypothesized that the unique stress response
contributes to highly successful colonization of the pathogen in meat processing environments.
In the present study, we investigated the survival of L. monocytogenes strains following lethal
H:0: (60mM) and acid (pH values from pH 2.5 to pH 3.5 adjusted with HCI) exposure.
Series of persistent strains isolated repeatedly from pork or chicken over six months were
used for the survival analyses. Exposure to H202 and acid was performed under two
temperatures of 20C and 37C. The comparative analyses among the groups of persistent
strains from pork or chicken showed the differences in the survival following to exposure to
lethal H202 and acid, whereas they were identical serologically and genetically. These findings
strongly support the strain-specific variability in stress response of L. monocytogenes. The
magnitude of the differences in the survival in the group of the persistent strains from pork
was likely to be higher than that from chicken, which may reflect the strains from pork in
highly variable environments. Notably, we found high susceptibility of the persistent strains
from chicken to acid exposure, suggesting that the persistent isolates isolated from chicken
have few opportunities to be subjected to acid in their growth environments. Therefore, we
propose the usage of acid substance in meat processing environments to control
L. monocytogenes. In addition, we need further investigation of stress response, including acid
tolerance response, of this pathogen isolated from meat to elucidate persistence over extended

periods of time in the environments.
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Table 1 Persistent strains used in the present study

Strain Sampling date or year

Persistent strain isolated from pork

75P1 10 Feb. 1998
76P1 10 Feb. 1998
78P1 11 Feb. 1998
90P5 11 Mar. 1998
92P3 12 Mar. 1998
100P 1 15 Apr. 1998
104P4 17 Apr. 1998
114P2 22 May 1998
117P5 10 June 1998
Persistent strain isolated from chicken
69C3 14 Dec. 1997
72C3 9 Feb. 1998
72C5 9 Feb. 1998
77C1 11 Feb. 1998
87C4 10 Mar. 1998
91C3 12 Mar. 1998
97C5 13 Apr. 1998
99C4 15 Apr. 1998
103C4 17 Apr. 1998
109C1 20 May 1998
116C1 10 June 1998
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Fig. 1 Survivals of persistent L. monocytogenes strains isolated from pork. The strains were subjected to lethal H202
at 20C for 120 min (A) or 37C for 30 min (B), and to acidified HCI adjusted to pH25 20C for 120 min (C) or
37C for 15 min (D). Counts of bacterial survival were transformed to logarithmic reduction based on the formula :
log (N/NO), where N is the bacterial density after time points of stress exposure and NO is the initial bacterial

density.
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Fig. 2 Survivals of persistent L. monocytogenes strains isolated from chicken. The strains were subjected to lethal
H202 at 20C for 150 min (A) or 37C for 30 min (B), and to acidified HCI adjusted to pH3.0 20C for 45 min (C)

or that adjusted to pH3.5 at 37C for 25 min (D).
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Basic study on improvement of food processing machine
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Jun Komotori

(Department of Mechanical Engineering, Faculty of Science and Technology, Keio University)

Atmospheric-controlled induction-heating fine particle peening (AIH-FPP) using Cr and
Mo shot particles in a N2 atmosphere was introduced to improve the electrochemical
characteristics of AISI 316 austenitic stainless steel used for food processing machine. The
surface microstructure of the AIH-FPP-treated specimen was characterized using scanning
electron microscopy (SEM) and energy dispersive X-ray spectrometry (EDX). AIH-FPP can
be used to form transferred and diffused layers of shot particles on the surface of austenitic
stainless steel. The thickness of the diffusion layers of Cr shot particles tended to increase with
the heating time in the AIH-FPP process, whereas the Cr concentration at the surface tended
to decrease. Electrochemical polarization tests were performed in 3 wt% NaCl + H2SO4 and
20 wt% NaCl environments at 343 K using a three-electrode electrochemical cell connected to
a computer driven potentiostat to examine the corrosion resistance of austenitic stainless steel
treated with AIH-FPP. The pitting potential of the AIH-FPP-treated specimen was higher
than that of the untreated specimen. In particular, there was clear improvement in the pitting
potential of austenitic stainless steel by AIH-FPP with Cr shot particles following peening with
Mo shot particles. AIH-FPP using Cr and M oshot particles in a N2 atmosphere is an effective
method of improving the electrochemical characteristics of austenitic stainless steel.
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Fig. 1 Macroscopic view of AIH-FPP treated surface
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Preparation of edible thermal storage capsule for the high-quality aging of

meat
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Takashi Kobayashi

(Division of Food Science and Bitechnology, Graduate School of Agriculture, Kyoto University)

Heat storage microcapsule containing oil would be a candidate for the improvement of the
aging process of meat. To select the best oil for the thermal storage, the differential scanning
calorimetry (DSC) analysis of various plant oils (olive, coconut, palm kernel, and palm oils)
was performed. DSC analysis of coconut oil showed that peak for freezing was ca. 3.3C,
indicating the best thermal storage of the aged meat would be coconut oil. The microcapsule
containing coconut oil was prepared using a rotor-stator homogenizer through complex
coacervation by mixing coconut oil with gelatin and gum arabic at various oil contents. The
microcapsule was then crosslinked by transglutaminase. The scanning electron microscopy
(SEM) of the prepared samples showed that the microcapsules with maximum diameter of
20 um were formed by coacervation. Coconut oil in each microcapsule showed higher freezing
point (ca. 11C) than the pure one (3.3C) by the DSC analysis. It would be due to the effect of
wall material (gelatin and gum arabic). Because the sticky property of the microcapsule with
higher oil contents hindered well-handling, the highest oil content was practically 67%. The
heat storage capacity of the microcapsule was evaluated using a pseudo meat model in an
environmental test apparatus. The capacity was much higher when the oil content was higher.
In addition, microcapsule also played a role as a thermal insulator due to the low heat
conductivity of the wall material. When the ambient temperature changed between —8 to
28T, the microcapsule exhibited its heat storage capacity, and the temperature of the pseudo
meat was kept between 5 to 23C. Although the temperature range was relatively higher, this

result indicates the applicability of the edible microcapsule to the heat storage.
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Fig. 1 Schematic diagram for the evaluation apparatus
of the heat storage microcapsule.
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Fig. 2 DSC thermograms for various plant oils and fats.

Fig. 3 Scanning electron microscope (SEM) images for the prepared

microcapsules before milling. Images for microcapsule crosslinked by
transglutaminase at (Al) x220 and (A2) x2.00k ; and those by
glutaraldehyde at (B1) x500 and (B2) x2.50k.
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Fig. 4 DSC thermograms for various microcapsules with different coconut

oil contents.
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Fig. 5 Evaluation of the heat storage capacity of various microcapsules.
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Study on processing technology and characteristics of fermented meat

products produced using lactic acid bacteria cultures for dairy products (II)

MR W R
(RIS A 274

Haruo Negishi

(College of Bioscience and Biotechnology, Chubu University)

We have studied about the application of lactic acid bacteria (LAB) for yogurt into
fermented meat products, i.e. fermented pork jerky. The present study was conducted to
elucidate the effect of co—cultivation with other LABs on fermentation rate of the selected
Lactobacillus single strains. The selected 11 strains of Lactobacillus groups were evaluated
during incubation for 12 h in MRS broth or for 5-6 h in 10% skim milk at 37C. The
stimulation of growth of Lb. mucosae (ME-470) or Lactobacillus (Lb.) pentosus (ME-480)
was observed by the co-cultivation with other strains of Lactobacillus group in MRS broth.
The fermentation rate of 11 single strains of Lactobacillus group was generally promoted by
co—cultivation with Streptococcus (St.) thermophilus. Especially, the co—cultivation of Lb. casei
(ME-462), Lb. salivaricus (ME-465), Lb. zeae (ME-466) or Lb. pentosus (ME-480) with St.
thermophilus were effective in enhancement of fermentation rate in 10% skim milk. These
strains are good candidates for investigation in meat to utilize as starter for the fermented

pork jerky.
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W7 EOERFEER 25 S S Tw b Y, T4,
FUERW OF AL, BSEKE, FaaL— |,
RIS EDIIA, E & R IR I
RKLTwb, —7, BEREMOSE CIIHERY —
= JIRES N, FickERWINLH~OF A
AONv e —fRICHEMEY —t— VI IR
FLBE A ¥ —% — L L7TIix, Lactobacillus (Lb.)

Lb. casei, Lactococcus lactis, Ped. Pentosaceus,
Leuconostoc pseudomesenteroidesa & D 7REFEHER
FLEW, B X Staphylococcus (Staph.) carnosus,
Staph. xylosus, Staph. saprophyticus, Staph.
equorum’z E D7 7 AR X O ¥ 7 — ¥
HRWTHALY MY —k—TUTIE, AERTI
HENLABEOFHIIA %L, Tansi+ 74
7 ABERENOWFFRIZ AR L T v,

AWFZETlE, BRI LAOZLEE W O FH Hifl =

© The Ito Foundation



32 IR0 FAICEY S 2 B JE R AR (Vol.36)
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Lactobacilli MRS broth (Difco Laboratories Inc.)
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MRS broth F 721310% BlRFL TH; 28 D FLER

Table 1 11 different species of Lactobacillus groups used for the experiment

Species Strains Species Strains
Lactobacillus groups
Lb. gasseri ME-459 Lb. fermentum ME-467
Lb. casei ME-462 Lb. helveticus ME-468
Lb. plantarum ME-463 Lb. mucosae ME-470
Lb. rhamnosus ME-464 Lb. parabuchneri ME-478
Lb. salivarius ME-465 Lb. pentosus ME-480
Lb. zeae ME-466
Streptococcus groups
St. Thermophilus ST

© The Ito Foundation



FLSEM UM 4 )V F X — % 30 L 7o Je R I £ R O N T8y & AU B § 2 0F%8 () 33

DAE HEE & BRI, pH & BRIE ORRRENZ
LI & - THRAM L 726

(1) pH#llsE

pH * — % — (SevenEasy
Greifensee, Switzerland) TH; 2 1S
AL TMllEL 7z,

(2) BREZNE

100mlE —# — 1239 g, ZAWK 9 ml%x $RIL
L, 7x/—=V7% VLA YEleiRREL LT
A, O0.IN NaOHE# Tl & 2 17 o 720 T IE D#

B OB 2330F0 13 LR 72 B 1% BRI &
L, BMEEEEE2ORAUCI D HEM L, g
W TIREOPHIISAREETH 5o

FREE = B O E R (ml) x0.009x100 (g)
SRR (g)

2.4 FLRWEOWE

AMEBOWER, BCPMT L — ATV M T

A= (HAKEEE, H5) ZfEHL, 35—37C,
72+ 3MEMIEEAE LT, R L7 HE % 2 ILRE
e LCEHIL 72,

Mettler Toledo,
[ER Wi

3. BREEE

3.1 Lactobacillus)&F IR & T [H] O IR 2240 51

WEARE BE LS MEET L 7226830 D Lactobacilluslg o
25, 10% BRI B X T10% K0 2 W.705%
TV a—2/05%HR T F 2B EPIZB T
EHW.DP R TH - 72 8 FiHH O FLEE # bk ME-
462, 463, 464, 465, 466, 470, 478, 480iZDOw»
T, Theh 2z fr s EOAEFHIS
FAZ TR EE P72 MRS broth}i# h o Wi 5%
AL13600nm T OHEEREIZ & D 175 720

FOKER Lb. mucosae (ME-470) (Fig. 1 (a))
& Lb. pentosus (ME-480) (Fig. 1 (b)) (Mo
7 M D Lactobacillus) 8RR H & AES B 2 L
WX D AFEOm ERIRED S, ZORRO
FEPEEIIMEAS0 TR E o7z —, FR D 6 i

D Lactobacillus /& FLER AR IZ LRI X B EF
Hom ERRIEA SN h o7z (KB,

3.2 Lactobacillus J& 3L B2 T 11 f& #H & St

thermophilus & O LR FER)

Lb. delbrueckii subsp. bulgaricus & St.
thermophilus& DI FIF I CMOENTED,
Lb. bulgaricusHh LT HXTF K, 73 )%
St. thermophilus 3PV L T 2MEE S, —
H, I 72 o 72St. thermophilush B A K
5 XMW, AL HEFEEDLD. bulgaricus |G- &
LEBRIIHY, TNZTNOHKRIZIZRELD D
HFFRLEIRESHE D, TODODOR DI
RIZIMAIY 23— 70 P OREICHH S Tw
%o & Z T Lactobacillus J& 7L 1% 8 11 1 4 & St
thermophilus & D IHLEEFER RO VTG 217 -
72 Table 1 T/RL7=X 912, HIR31THM L7
8 i 58 > FLWE W 12 LactobacillusJ® 3 WifE (ME-
459, 467, 468) ZBHNL TR R Z 1T - 72,
FEWEHE O FHAM I Z MR EE DWIE I X 5 THT o 72,

ZORE, Fig.2 (J)-(m) TRLAZXHIZ, ©
3 N D Lactobacillus & FLHE W b St. thermophilus
L DI RED IS Nz FRIC IR IER) RS
T & o 7z Lactobacillus /B FLIR W & L Ti&, Lb.
casei (ME462), Lb. salivaricus (ME465), Lb.
zeae (MEA466), B X °Lb. pentosus (ME480) T
Holco TOAWMITEHRTHEMETSL LD HSE
thermophilus & L XG4 7217%, #R L {EREDS
b LSRR AR 22 B T E A B2
Z N5 Lactobacillus & FLME W & St. thermophilus
EDOREEROBHEICOVWTIRIAWTH 20, Lb
bulgaricus & St. thermophilus & O A BIR & HHL
L7 EZE 2 b5,

S, KR DRIZHBT 5 4 WD Lactobacillus
BRI OB L, EER—27 Vv —
F—OAMNA Y — 5 —OfFEHE LT HED
5o

W7oz,

© The Ito Foundation



34 IR0 FAICEY S 2 B JE R AR (Vol.36)

—e— ME-462+ME-470
—>— ME-465+ME-470
—+— ME-478+ME-470

3

3
€ 25] (a) ME-470 : Lb. mucosae
=
S 27
©
> 151
g 1]
5
F 0.5
0

8 10 12
incubation Time (h)
—e— ME-463+ME-470
—a— ME-466+ME-470
—x— ME-480+ME-470

—a— ME-464+ME-470
--0-- ME-470, Single

2.5
2]

Turbidity (600nm)

(o) ME-480 : Lb. pentosus

_x=" ME-480, Single

8 10 12

Incubation Time (h)

—e— ME-462+ME-480
—>— ME-465+ME-480
—+—ME-478+ME-480

—e— ME-463+ME-480
—a— ME-466+ME-480
--%-- ME-480, Single

—a— ME-464+ME-480
—e— ME-470+ME-480

Fig. 1(a), (b) Effect of co-culture with Lactobacillus groups on the growth rate of

Lactobactllus single strain

(a) Lb. mucosae (ME-470) single strain, (b) Lb. pentosus (ME-480) single strain
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(G) Lb. helveticus ME-468,

Effect of co-cultivation with St. thermophilus (ST) on the fermentation rate of Lactobacillus single strains
(¢) Lb. gasseri ME-459, (d) Lb. pentosus ME-462, (e) Lb. plantarum ME-463, (f) Lb. rhamnosus ME-464, (g) Lb.

(i) Lb. fermentum ME-467, (k) Lb. mucosae
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Fig. 3(n), (o) Changes in titratable acidity and LAB counts during co-cultivation of
Lactobacillus single strains with St. Thermophilus (ST) in 10% skim milk.
(n) Lb. casei (ME462) single strain, (o) Lb. helveticus (ME-468) single strain
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Effects of olive leaf extracts on rheological properties and hedonic aspects of

meat protein gel

/NI RER% © Agus Bahar Rachman - 7R FEE
(BRI AW R EF)

Masahiro Ogawa, Agus Bahar Rachman and Takashi Akazawa

(Department of Applied Biological Science, Faculty of Agriculture, Kagawa University)

Olive leaf has been reported to contain a large amount of polyphenol which possesses high
antioxidant activity. Olive leaf extract (OEx) was prepared from fresh olive leaves, and OEx
was applied to chicken breast sausage. OEx contains 13.8% (w/w powder) polyphenol as
gallic acid equivalent. Addition of 0.05 to 0.5% (w/w) OEx to minced meat increased the
modulus of elasticity, coefficient of viscosity, and breaking stress strain of chicken sausage gel.
Those increasing effects were dependent on OEx concentration. 0.5% OEx caused 100%
increase in modulus of elasticity, 74% increase in coefficient of viscosity, 67% increase in
breaking stress, and 33% increase in breaking strain. OEx also improved water-holding
capacity of chicken sausage. Sensory evaluation analysis of OEx-containing sausages showed
that sausage with 0.5% OEx is more preferred than control sausage without OEx in terms of
flavor, texture and overall impression. Furthermore, OEx was effective to prevent textural
deterioration occurring during frozen storage, showing that sausage with OEx exerts high
freeze tolerance. The improvement in rheological property of sausage gel was due to
interaction between polyphenol derivatives, such as decarboxymethylated form of
34-dihydroxyphenylethanol-elenoic acid dialdehyde (34-DHPEA-EDA), named oleacein, and
muscle proteins, such as myosin. Decarboxymethylated form of 3,4-DHPEA-EDA have
carbonyl groups in the molecule, and those groups may interact with e-amino groups and SH
groups of muscle protein; resulting in the enhancement of protein interaction. The above
results suggest that OEx can be a potential ingredient to improve the texture of chicken

sausage and to prevent textural deterioration of sausage induced by frozen-storage.
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Table 1 Water content, expressible moisture, and rheologicalproperties of sausage containing OEx

Creep test Breaking test
i Modulus Coeficient
OEx (%) Whiteness ~ Water content Expr.es&ble £ £ ki
%) (%) moisture o o Breaking Breaking
added (% % (%) elasticity viscosity stress (10° strain (%)
Eo (101 ny (107 N/ni) straim 2%
N/nf) Pa-s)

0.0 (Control) 80.28 68.12+0.292 12.31+0.502 291+0.162 1.61+0.122 380+0.212 43960812
0.05 79.86 68.11+0.052 11.74£0.04" 296+0.13P 1.90+0.15" 409+0.35" 4797 +0.75>
0.10 78.24 68.51+0.18P 11.20+0.01¢ 353+0.13¢ 1.98+0.14¢ 5.39+0.35¢ 57.74+£1.67¢
0.30 76.42 69.69+0.18¢ 10.80+0.214 456+0.134 2.79+0.094 581+0.754 57.79+1.014
0.50 75.29 70.36 +0.084 10.69+0.12¢ 586+0.11¢ 280x0.14¢ 6.37+0.30¢ 58.39+0.03¢

Data are presented as mean=SD (n=6) and different superscript letters (a-e) indicate significant difference (P<0.05).
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Fig. 1 Microstructure of OEx-containing sausage observed by scanning electron microscopy

The magnification of images was 1000 times.
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Table 2 Sensory evaluation of chicken breast sausage containing OEx

OEx (%) added Flavour Juiciness Texture in?;reersi«]ilon
Control 333%1112 353+1.12° 340+1.242 4.06+1.03>
0.1% 3.60=0.98> 360+091¢ 360+091° 386+0.832

0.5% 386+0.99¢ 346+1.122 400=092¢ 420+0.96¢

Flavour was asked using a five-scale (1 to 5) with 1 “very-odd” and 5 “very-typical” : juiciness, with 1 “not-juicy” and 5 “highly-

juicy” ; texture, with 1 “very-soft” and 5 “very-firm” : and overall impression, using a Likert five-scale (1 to 5) with 1 “non-

acceptable” and 5 for “highly-acceptable’. Data are presented as mean * SD (n=15) and different superscript letters (a-c) indicate

significant difference (P<0.05). Photos shown below shows the samples provided to panelists.
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-Reducing agent

+Reducing agent

MHC

Actin

Fig. 2 SDS-PAGE patterns of OEx-containing NAM that was heated at 70C

Lane 1, molecular weight marker

lanes 2 and 7, control ;

lanes 3 and 8, 0.05 %

OEx ; lanes4 and 9, 0.1 % OEx ; lanes 5 and 10, 0.3% OEx ; lanes 6 and 11, 0.5%
OEx. Samples after reduction using f-mercaptoethanol were loaded in lanes

7-11. MHC is myosin heavy chain.
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I 377 Carboxymethylated form of 34-DHPEA-EDA
I 403 Oleoside methylester/Elenolic acid glucoside
1 555 Hydroxyoleuropein
i 319 Decarboxymethylated form of 34-DHPEA-EDA
Jiig 539 Oleuropein
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Fig. 3 HPLC chromatogram of OExtreated with NAM
Dotted line represents chromatogram of OEx without NAM and solid line,chromatogram

of OEx with NAM.
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EHIFIINE o7z, D HHMDOMP DK E %
2D E—=I7 N THho-722 Ly, IFTURE
NAMY Y7 BB EMETHDIEE -2
I @ %% Decarboxymethyl form of 3,4-DHPEA-
EDATH B EE R Do ZOLEWITE A VERF
VAFNEIOF LU, YT 7)) A VT, 5T
WIZ32D7 b rIikxdo, Thoor b vk
IF VUV UREREDeT IV ERVATA v
BHOSHE L G L T, I+ vEHEMTOE
GrRHIESEIL, ToMFE, B THEORWE
Ay NT—ofEb oY ==V VAR
ShicLHfigsh s,
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4. B 8

AT, ) —7HEOKMEPOEx % 2
72—k — Y OMWE 2 WAL TS X OE R
AN L DEHI L7z OExZ#INT 52 LT &
D, AMEIIKT L2, Koa=irsT il
720 WIMEICDWTIE, OExZRNT52LTY—
L=V Y, AL E L7z, ERERAE
DFERB05%0ExZHmMT 5 2 & T, K (Tl
X) OFMEAEL, ZOMREE L TRAED
MEL7 V=t —V%GH G L72d oYk
EWMARIE A, OExilMY — X — JI3ERmo
BOLY HWHMAFA L THEHLIZWT &l
Lirklol, EOZ E X )OExOHIMEEA
DEEELLELTHOD, V—k—VhLARYT
VIREGHOYHLRFE LTHHATH Y, wHl
V=t — U ONERIRC ORI O LD Sk
ol

X Wk

1) RibdE—, ZEWFEAT, KUG%E, SemIEw, M
e © FNRFEFAPHA ) —TEORY) 72 ) — )
ERICRIITRAERTEORE, HAZWFYTYS
A%, 63, 570~574, 2016.

2) Liu F, Ma, C, Gao, Y., McClements, D.J. : Food-
Grade Covalent Complexes and Their Application as
Nutraceutical Delivery Systems : A Review,
Comprehensive Reviews in Food Science and Food
Safety, 16, 76~95, 2017.

3) Yan, M, Li, B, Zhao, X., Yi, J. : Physicochemical
properties of gelatin gels from walleye pollock
(Theragra chalcogramma) skin cross-linked by
gallic acid and rutin, Food Hydrocolloids, 25, 907~
914, 2011

4) Hatanaka, Y., Yamaguchi, A., Kobayashi, O.,
Muro, T.: Electron Microscopic Analysis of the
Effects of Tea Extract on Strength Improvement of
Egg White Gels, Food Science and Technology
Research, 15, 5~10, 2009.

5) Benjakul, S, Seymour, T.A., Morrissey, M.T., An,
H. : Physicochemical Changes in Pacific Whiting
Muscle Proteins during Iced Storage, Journal of
Food Science, 62, 729~733, 1997.
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Development of a fermentative production method of glutathione analogs

(ELN S
(Al B OE B G B R

Tomokazu Ito

(Department of Applied Molecular Biosciences, Graduate

School of Bioagricultural Sciences, Nagoya University)

Recently, glutathione analogs are reported to act as kokumi substances, which capable of

enhancing the intensities of salty, sweet and umami tastes, by binding to the calcium-sensing

receptor. These analogs have the potential for use in the food industries as the food taste

modifier and/or enhancer. An efficient method for the production of these analogs enable the

industrial application of these compounds. In this study, we tried to develop an efficient

production method of y -glutamyl-valyl-glycine (y -EVG), the most potent kokumi substance

reported so far. This report shows that an engineered Escherichia coli cells that overexpresses

mutated y -glutamyl-cysteine synthase (gs#A) and glutathione synthase (gskB) facilitated the

efficient production of y ~-EVG.

1.B ®

arkEE, TREHKIEREZ RS ZVDHO
O, HER, IR, BRER, WK, ) TIROEARSIR
O [HROFRNE] TOADY | [NER] ZHETET 5
bOLE#IND, HEDEICEL T, T I
AT WEHIZEAR (CaSR) %4 L CREA
ENBHEZENHRBEN, TOT7TIT=AMELT,
7NV % F % v (y-Glutamyl-cysteinyl-glycine)
R, TOFEREKD Y-V I NVRTF RO E
BNV, STV EFF RN, BiEND
10f5LL Lo CaSRIGHALEE 2 A3 1L & L T,
y —Glutamyl-valyl-glycine (y-EVG) %, 7y
-Glutamyl-2-aminobutyryl-glycine (7 % )V 3

YW, OA) s s/, ok arki
W, BRI % &7 o RRm FI2F
H55250ATIERL, BOLSZMRFLAT S,
fEamrh oy, i, FEEORIREZWERIC L
7, WEBSICBOTE, MWERNERLIZA NS
TUBWEEE T 5, Fo, W AR —F T %
LT, Fexr OfEHHE, S 5IIZEREICD
HERW R A R s E s Th b LT
b,

IS EERERTHHET 85121, 1k
G DL DR ER R PR ER SN D Hijk
L72y-EVGROAX, BTEHHRMAAFRET
HHD, EbLOTHMTHS, TOERE LT,
THBBEOREL H 5 9 L b s, FIKTIL
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FEBOHDOADFHIRETH B Mo d I F o b,

&4 , ®HBMOE. coli/ RIEMEA AR
AZEREEBT L EEZRIRLY, MKz 7
S5 b7 d —AIHWIZOALFEEZHEL TE
72% RWFZETIE, HEMAEME W, thos
VEFFTFaT, K2y -EVGOF B % 5
HEEEMET A LR HBE LA 1T 720

@)

2. /7 &

y " EVGOAFEIZIX, Z Vs FF+ a0
y=ZNVEF I NVARTF KOLHEEZ RS S8, Val
B L OATPAERE R Z MM S Y 72E. coli AyggSA
ggt AmiaA ZFE R (AYGM) 12, E. colith
RGshA DK FEZEEAR S X U'GshB% pCA24N~X 7
Fy—llkoTHFEHIELHKEH VLY,
y-EVGIZHF S S - E R MGhAB L O
GshBIZ & - TGlu, Val, Gly & ) BANTER X
, b ~HEE &b (Fig. 1), KFEE. coli
Mix, 30ug/morass 72— Vaegt
LBE; i T—HpE5 2 L, PBSY YNy 7 7 —
THW L7212, 1 mM®Glu, Val, GlyB X
0.1 mM IPTG% &t M 9 5 K5 #o i 12 F I ODew
DL0E 72 X9 IR L7z, 30T 12 T 245 R %
&R L 72 e R AN A E S 7z y -EVGil
EAHPLCZ AW TER L7, RAFZETIL,
GshA, GshB3:3g Bl X2 & — 1 D GshA D,
y "EVOVafll$HINEICHE S35 L FHIN T
135& Q144, BLU 74— F NNy Z7HEB L OB
FIWEMEICHE G35 & PRSIz S4951C #4502 5
#BATHI LT, y-EVGAEEROME, BX
CEOAEEON L2 Ko7z F72, HikEEEMF
SEOBGFEEC L), GshAPB X UGshBOZEHEHIA
BUCOWTHGET % & & b2, MIKHHP &R
A+ 203y -EVCHEMANG-Z 5B T
Wik L 720

3. BREEE

3.1 Ecolizfl\wwictr 7% VI VBEERRD
BRIZX 5 y -EVGEEEDON G-

HEEE ST RIC X 5T, E. coli AyggS
Aggt AmiaA = E R B (AYGM) 2 GshA
(S495F) X UGshB#% LBl S €72k & v,
ZN% 1 mM®Glu, 2-aminobutyrate, Gly % &
ATEMOBEHITREE 5 2 LT, H03 mMD+
TEN I VRHPEREFTREL 55 2 L2 W LT
WhY, FIT, A7 HVI VBB L RO X
NI F V=%, y-EVGOARE D BE A MFE
L7z FitW#%Z 1 mMoOGlu, Val, Glyz &t
MOREHLTEAE L7228, » -EVGOAEITFED 5
Nh ol Hibib? 12X o THiis S 7-GshA
D R 1 DTGP DA T O3 % - LGRS
5L, ZOEEFLICIE y -EVOValfll$h % s
TELRTFOTHRAR=ADN RN LR S
7z (Fig.2). 22T, EEHRLEROELRE

L-Glu + L-Val

/WP-\i!?HI
ADP

o 0 \__.-"'

L. oM
Hu-"““-w"ﬂ-..r’u“ﬂm"‘ e
H

MHz o
vy -Glu-Val (y -EV)

/WP-\i!?EI
ADP

_ o LA o
® H |
" ﬁ-\.r.-ﬁ a-\._"._ e __.-'- I
NH ! w

vy -Glu-Val-Gly (y -EVG)

Fig. 1 Synthetic pathway of y -EVG
The abbreviations are as follows ; GshA, glutamate-
cysteine ligase ; GshB, glutathione synthase
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Wild-type

Tyr300

GIn144 Lems@
L1351/Q144N
GnZQSE
}tl’yrﬂ%

Asni44 "e:?“i | »

Fig. 2 Stereoview of the residues surrounding the Cys—-analog moiety of sulfoximine-based inhibitor of wild-type GshA
and the putative structure of L135I/Q144N mutant of GshA. The sulfoximine-based inhibitor was represented in
green. Mutated residues were shown in gray. The putative space that accommodate the Val side chain of y -EV is
circled. The pictures were generated by using Pymol software (http://www.pymolorg) (PDB ID : 1VA6, see(4))

GIn144 Leut35

Tyr300

Tyr241 ( .

N

L‘

Tablel Mutants of GshAs used in this study (kDa)
The following mutations were introduced into the gshA
gene of the GshA and GshB co-expression plasmid. 97-
Strain No. Mutati GshA 66-- «—
rain No. utations on Gs - GshA
1 S495F 45..
—
2 L1351/Q144N/S495F e —GShB
3 L1351/Q144N/S4951 39--
f— -
4 L135V/Q144N/S495F ———
5 L135M/Q144N/S495F R ————
6 L135S/Q144N/S495F
7 L1351/Q144D/S495F -1IPTG + IPTG
8 LI351/QL44V/S495F Fig. 3 Effect of cultivation condition on the expression
9 L1351/Q1441/S495F levels of GshA and GshB. The E. coli 4 YGM strain
harboring pCA24N-GshA (L1351/Q144N/S495F)
10 L1355/Q144A/5495F -GshB were precultured in the LB medium
11 L1351/Q144S/S495F containing Cm in the absence (-IPTG) or presence
of 0.1 mM IPTG (+IPTG), IPTG in the preculture
12 LI35L/Q144T/S495F significantly induced the expression leves of GshA
and GshB.
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Table 2 Effect of GshA mutations and medium on y ~EVG productivity
E. coli AyggSAggtAmiaA that harbors mutated GshA and GshB co-expression plasmid were precultured in LB medium

in the presence or absence of 0.1 mM IPTG.

The cells were washed with PBS and inoculated to the M9 medium containing 1 mM Glu, Val and Gly and 0.1 mM IPTG.
The M9 (Mn2*) indicates the replacement of MgSO4 with MnClz.

y ~EVG productivity

Strain No. Mutations on GshA Medium of preculturing Medium of culturing CuM)
1 S495F LB M9+E/V/G N.D.
2 L1351/Q144N/S495F LB M9+E/V/G 10
2 L1351/Q144N/S495F LB+IPTG M9+E/V/G 87
2 L135I/Q144N/S495F LB+IPTG M9 (Mn2*)+E/V/G 240
3 L1351/Q144N/S4951 LB+IPTG M9+E/V/G 167
3 L1351/Q144N/S4951 LB+IPTG M9 (Mn2*) +E/V/G 222
4 L135V/Q144N/S495F LB+IPTG M9+E/V/G 60
5 L135M/Q144N/S495F LB+IPTG M9+E/V/G 35
6 L135S/Q144N/S495F LB+IPTG M9+E/V/G N.D.
7 L1351/Q144D/S495F LB+IPTG M9+E/V/G N.D.
8 L1351/Q144V/S495F LB+IPTG MI9+E/V/G 15
9 L1351/Q1441/S495F LB+IPTG M9+E/V/G N.D.
10 L135S/Q144A/S495F LB+IPTG MI9+E/V/G 154
10 L135S/Q144A/S495F LB+IPTG M9 (Mn2*) +E/V/G 290
11 L1351/Q144S/S495F LB+IPTG M9+E/V/G 78
12 L1351/Q144T/S495F LB+IPTG M9+E/V/G N.D.

Hie L, GO ERERT 5 L1358 L UPQ144
(2, L13518 £ O"Q144NZ R %38 A L7z (Table 1,
Fig.2)o L1351/Q144N/S495F % % /3 % GshA
BLUOGhBOIFEHTIAI N2 AT 5 AYGM
iZ, 1mM®Glu, Val, GlyZ&tM9EHT
100uM® y -EVG% A j# L 72 (Strain no.2, Table
2)o L135B X UQ1447% y -EVGO A FEIZ BT
b4k ARy N THDLWEEELIRE SN,
LALads, Z0y-EVGOAMERIZIZIZHE
Mo7a ba—niZXoTrbh/zr 703 v
o R (~300uM, ®) & H_FL KDL o
oo COBERERIELIZE TS, AERIZBWT,
GshA B & O'GshBOFEBL i AR Al RELE SRR S
h7: (Fig.3, y-IPTGOL— %), €I T,
WEEE ORI ROM 1% X5 HI TR EL N %
MERGEE U720 € OMER, HIRERICBV T,
IPTG%0.1 mMiihd % Z & TGshAB L ’GshB
DFEBLEZ HF WM RTRETH L I 2 /I L7z
(Fig. 3, +IPTGOL — ), ZORik#SM %
JAw5d Z &, miak dL1351/Q144N/S495F % 5

%49 5GshAB L INGshBOFEH M IZ 1 mM D
Glu, Val, Glyz&&M 9 FihT87 uMd y -EVG
DEFEDHE L % > 72 (Strain no.2, Table2),

3.1 L135 Ql44, S494DEFIZL 5 y-EVG

DHFEE OB R

iR L7z X 912 L1358 L 1°Q 14428 y -EVGD
HEIEICBITDHER Y MAKRY b TH L REMEDRIE
SNize F7z, BATHIZEIZ BT S49513GshAD
T4 = NNy ZHEICHES L, S495FZRIZL -
TEORIEMERTREE 2B 2 LR ERT Y
53, ZZC, GshA, GshBIFEH 77 23 F LI
DGshAD L1135, Q144, S49512 45 Fh2 B % 38 A
L7z %8, S hfER L2 8k HR L1351/
QI44AN/SABFE R 2 D 12 TH ), T DR
#liE Table 1 (ZFL#R L7z, SREZA R % A3 % GshA
B LOGshBRHNR Y ¥ —% AYGMIE~NEA L,
%01 mM IPTG% & & LBE M CRIE 28 L,
1 mM®Glu, Val, Glyz&&MIEHIZBIT S
y "EVGOA i & Mk L7z, Z OfE%, L1351/
Q144N/S49514: 5¢ % H § % GshA B X 'GshB#% It
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HHEE2AYGM % JH v 5 Z & T (strain
no.3), 167uM® y -EVG#%, ¥ 7:L1351/Q144A/
S495FE ¥ % 4§ 5 GshAB L O’ GshB# L5 &
272 AYGM (strain no.10) 12 & - T154uM®
y -EVGOAFED e L 2 572 (Table2)o Z D
2 AR % V72D y -EVGOAEFEMIZZE D S
e, L LAKT L7 (Table2),

3.2 Hh&lE A 4 o oEBRIZE Sy -EVG

HEFETE DI L

GshA1ZMg?* F 7213Mn?* DEFE F TGlu & &
MoO7 I ) HBLUATPARTELCy-Z L%
INIRTF FRERT S5, #@NT L2288
A% PR REREICEET 5, Mg® AT
Ty ~-EVA G Vae =59 mol/mg/h, Ku=
271 mMTH2DIZx L, Mn® FFAEF TlEVaa=
95 mol/mg/h, Ku=21mMTH 5 EL#HEINT
Who Va/KnZIGHEOIREEE U, Mn® fR1E
TWZBIT 2Ly -EVAERIGEEIEMg® O Zh & K
L¥2fTHB. BIIEE THWTE #5104
(MO F:#h) 1TidMg? iZ & EFNTWA2AY, Mn?'
BEINTwahotze $4bs, BUELTOR
AT TIE, Mg® KA = il BEROG 12 & B
y - EVOEEEZBEL Tz, 22T, M9k
DEEHFR OMgSO+ % MnCl ICHEHR L, ZOR%
ZMGEEL 720 BIEHIZBWT y -EVCOAEPERED
Motz 3B, 374 BLI3BI/QI44N/S495F %
# . L135I/QI144N/S4951 % ¥, L1351/Q144A/
S495FZ % 49 % GshA%EBIMk (strain no.2, 3,
10) &7z, ZO#EH, strain no2, strain no3,
strain no.10& {2 Z EIZ Lo TENREFN, 240
uM, 222 uM, 290 uM® y ~-EVGO DT HE &
72572 (Table2 ).

4. 8 0

FTINI VREAEENRE T Ty T =Lk
L7z y -EVGHEEDOWEEMES X " ZF 0 A o3

52 MGE L 720 GshAIWZBITA L13bB L UNQ144
2y -EVGOAEEIIBITAEY FAKY FThHAH
wWReMEE R L7z L1356, Q144, S4950 % 4%
ZEHAGshA, B X O GshBOMFEHIRZER L,
Z®» 9 B, LIBI/QI44N/S495F %4 B, 11351/
QI44N/S4951 %8 £, 11351/Q144A/S495F %5 42 %
HTAHGhAZHWAHZ & T, y-EVGOAMEN
MEHFICHARKTHZ L2 RM LAz, F72, HisE
Sk, BXOARRESEMIIBIT S, PTG,
BLUOMg* =>Mn* " ~OEEMRENEN y -EVG
DOEFERDOR EIZE DO THRNTH S Z L ER
L7720 I, E. coli AygeS Aggt AmiaA=
HEREM (AYGM) 12L1351/Q144A/S495F % B
%K ¥ 5GshAB L UGshBIHH 7T A 3 P&
A L7:# (strain no.10) Z v, T %#LB+
0.ImM IPTG¥; #b CTHIE# L, 1 mM® Glu,
Val, Gly%Z &t-Mg? ' =Mn? #&#M 9 it T
BT HI LT, 200uM® y -EVGCOAFED W HE L
o lze HiHIANIRINU 728507 3 7 BRI EE & 251
AR % E8930% DEFER)F T y -EVGER A RET]
HE 20 AT BLAE E WL S HENL. S 7,

X W

1) Ohsu T. Amino, Y. Nagasaki, H, Yamanaka, T,
Takeshita, S., Hatanaka, T., Maruyama, Y.,
Miyamura, N, Eto, Y. : J Biol Chem, 8, 1016~1022,
2010.

2) Tto, T. Yamauchi, A, Hemmi, H., Yoshimura, T. :
J Biosci Bioeng, 122, 689~693, 2016.

3) Ito, T., Tokoro, M., Hori, R., Hemmi, H.,
Yoshimura, T. : Appl Environ Microbiol, 84, 02806~
02817, 2018.

4) Hibi, T. Nii, H, Nakatsu, T., Kimura, A., Kato, H.,
Hiratake, J., Oda, J. : Proc Natl Acad Sci USA, 101,
15052~15057, 2004.

5) Kelly, B. S, Antholine, W. E., Griffith, O. W. : J Biol
Chem, 277, 50~58, 2002.
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Modification of substrate specificity of microbial transglutaminase by protein

engineering (1)

O I 7
CHUBBR 2 K25 B SR G £ B2 950

Teisuke Takita

(Kyoto University, Graduate School of Agriculture, Division of Food Science and Biotechnology)

To obtain the transglutaminase from Geobacillus stearothermophilus (GsTgl) with His—

2% affinity gel, I constructed eight expression systems. Of

tag, which is soluble and binds to Ni
them, two enzymes with His-tag in the C-terminus were purified by the affinity
chromatography. In one (GsTglAEX27 (His) ), its characteristic C-terminal short extension is
eliminated and in the other (GsTgl (DS)s(His)s), a (Asp-Ser)s linker is inserted between
the C-terminus and His-tag. Based on fluorescence resonance energy transfer, I succeeded in
measuring the initial rate. I purified fifteen active-site mutants of GsTglAEX27 (His)s and
compared their activity. Surprisingly, most of them exhibited higher activity than the wild-
type. I introduced both of the N-terminal domain (N-179 or N-195) and C-terminal domain
(180-C or 196-C) of TEM1 g -lactamase and GsTgl (DS)s (His) s into a Kanamycin-resistance
conferring plasmid. E. coli BL21 (DE3) harboring the plasmid that contains N-195, 196-C,
and GsTgl (DS)s (His) ¢ was unable to grow on a agar plate containing ampicillin and IPTG at
37C, while that harboring the plasmid, in which Gln and Lys residue are introduced into N-195
and 196-C (around the breakpoint), respectively, was able to grow. However, the latter was
unable to grow when the Gln residue was replaced with Asn or when the catalytic Cysl117 of
GsTgl was replaced with Ala. These results strongly suggest that in cells, GsTgl (DS) s (His) s
catalyzed the crosslinking of the two domains of TEM1 f -lactamase. Thus, I succeeded in
construction of an efficient screening systems for GsTgl with substrate specificity altered by

random mutagenesis.

N6, TGIE, 7y IVl (Lysfklk) &840,

7 VSR (GnFkEE) (26T % iR I T

FNFYATNY IF—E (TG) I2X25 87 HY, Asnfkdkid, BEOTGIZBWTHH S
HORMEE, ERAOHDERREOYEEIIRE 4 v, TOMMELT, GnkEkoxFL vike
WMBEEDH 7259, BUE, Streptomyces mobaraensis BORMERIEDOM BEAEDEETH D 2 EATRIEE
HEROTGHE ML IN TS, TRETOMNE N TwbdY, TGIZE D, KELEROHIIER

1.B ®
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BEOWFEE 7253 720121F, KIGH D Asnkk
HaRREMIHHTE2HB TGO »E &
nWb. Wi, Bacillus subtilistH kTG (Tgl) ®
AR & BRSO S 7Y, Talix, who
TGTH Y, S.mobaraensistiFkdTGIZxt LF M
PRS0

WEARRE, WIREHIE, WA EERFEN @ Geobacillus
stearothermophilus?* > Tgl (GsTgl) # 7 u—=
Y7L, tag® b 72 WGsTgl (pET11a-GsTgl)
DOFFHAEELZEI L, QuikChange (QC) 2 &
D, 4O EREEIER L7z, F 72, His-taght
% b OGsTelDF B RS 2 MMEE LA (1)
N % ¥ 12 His—tag it %] (pET42a(-GST)-(His) s
GsTgl) : (2) CK¥iIZHis-taght ¥ (pET22b-
GsTgl((His)s)s LA L, (His)sGsTglix, WA
PRBL7A%, Ni7 74 =7 4 —$HRICHE L%
Mo7ze GsTgl(His)sld, ANEETH o720 Wik
FiE, ZWRECE REEEACHEA L, 2hb
OFEFIE, CERMGIZAM L 7zHis-tagds, % /%
ZENIICH LN TV LW EEEZ R L7, CK

Fig. 1 Active site of Bacillus subtilis Tgl.

Ui |2 His-tag 2 i1 LAFH E TV 2 B, subtilis®
Tgl: OEHNL A 52, GsTgl?d C Kbl i,
217 X/ WFRIE O MRS (EX27) HdHbH T L
BHLNIT R TWEY RIFZETIE, A FER
MERBABLYT v FAEREAIZXY, Asn
HIEZ I 4 BGsTl B RARR 2 BT 52 L
ZHMWET 5,

GsTglD15MEDZEEKIZOWT (Fig. 1), BEH
BUBFNT 24T 9 o R Z RHIT L7020, WHtk
TNi7 7 4 =7 4 —HKRIZHE G T % His-taghicy)]
% HOGSTEIDHMADWEEZ FHERAADL, 5
2, GsTglD T Y ¥ LEFERNTATT) =05
HOLEIFREZ O D& RFENITA 7 ) —
VT TELREBREMET 5o HF<A TV
W@ T%2H9 5pET-42a % vy, TEMI1 B-
g7 %~<—¥¥ (TEM1) ®2WH (WIWrEALE L
IZGIn& Lyshki 28 A) & LTRSS, Teld
ARSI L D AECHEAHRICERT LT Y ¥y
V) VREE AR A 2 ) — = v 7T B RO
HrkAhbo

EEEEENES LT

The site-directed mutations introduced in GsTgl are shown using the structure of

Bacillus subtilis Tgl (PDB code 4Pa5).
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2. 7 &

2.1 His-tagz b DOGsTglDIEHLR DO
2.1.1 GsTgl® C £ & His-tag B 51 o [ 12
(Gly-Ser) « ) > 5 —EH DFF A
pET22b-GsTgl (His) ¢ ® C K ¥ @ His-tag i %1
DERNIE, XholH A4 PHFIET %o
KA M2, Vo h—%HALM (pET22b-
GsTgl(GS) 1 (His)6) o
2.1.2 GsTgl® C EK¥m & His-tag B 5] @ i 12
(Gly-Ser)s 1) ~ 71 —ECH| D% A
pET22b-GsTgl(GS) « (His) s % #5 L 1C,
To72
PCRWiH %, Ndel¥ BamHITHLELL, pETlla
WZBA L7 (pET11a-GsTgl(GS) s (His)6) o
2.1.3 GsTgl® C K & His-tag B 71 o [ 12
(Asp-Ser) sV ¥ # —EHD¥F A
pET11a-GsTgl(GS) s (His) s 2, Sphl & BamHI
TYWI L, pUCIIZEA L7z
IR, QCEEICL D, (Gly-Ser)sV ~
51 —% (Asp-Ser)s") ¥ 1 —IZEHL 72,
Z N % Ndel & BamHITYJBr L, GsTglWih %
pET11alZ#E A L7z (pET11a-GsTgl(DS) s (His)6) o
2.1.3 GsTglo CKumfERY (EX27) %k
2 L His-taghc s oA
pET1la-Tgl % #AZ, PCR%Z AT\,
BrZe U7-GsTgllbi i % 1572
AR % Ndel & Xhol TYIWT LpET22bIZ3E A L
72 (pET22b-GsTgl AEX27 (His) 6) o
2.2 GsTglofsi
His-tagf MGsTglDFEHILLLTF D i TH7 »
720 WK% 20mM Tris-HCl (pH 74) 128 L
AR PR L7z 0 B (20,000 X g, 30min)
% Profinity IMAC Ni-Charged Resin (Biorad)
WP L 720 [l T L, 200 mMA X &Y —
W % G LRI T L 720

PCR%

EX27%

2.3 GsTglOBE IR & DR,

Lys-Ala-MCA (KA-MCA) ¥ X7 5 Fif%
B 5 A L7z Z-Asp-Gln-Met-Asp-AFC
(Z-DQMD-AFC) 1%, Bachem#» 5 WA L 720
W7 F K%, GsTgl (DS)s(His)s (2.6 uM) 4
T, JTCTRREER (100ul)o KT,
10 123,000 ul > K Z M %, Jih#E ¥ K325 nm T,
dotEEE (FD) 2% L7z,

2.4 T LERBADIZODRBBER 7

) —= v R ORE

2.4.1 AR TEM1OEHR O

pUC19% $5#IZPCRL, SnaBl& BamHI THLEL
L.pET42a(-GST) (23 A L7z (pET42a(-GST)
-TEM1),

ARIFEHFZTIE, TEMUENEKmIC His)e % b
2 ((His) s—~TEMI1),

2.4.2 TEMIW R LD 720 oL o desd

TEM1®DGlul9 & Leul96 D [ # LI il & L T
BoND 2O00EMF ZH, ¥ 287 Bk
MET v L 24707288, 73 VoG
P L7z &) Wi 5 LECUIlr s,
TEM15FOHLNIALEST S a ) v 7 ADCHK
IHNCAET B 22T, YISO a~NY v
7 ADWE D T179 & M180D [ & E195& L 196D
me L7,

2.4.3 TEMIWhoru—=r7

N &g (N-179) & CARuHE A (180~
C) ®r/u—=rZIZUTDOX ) > 7,
pUC19% $5HIIZPCR L, Pstl1& BamHITHLL L,
pUCINZE A L7z (pUCI9_N-179&pUC19_180-C)o

NRuGHIKT R (N-195) & C Rk (196-
C) wru—=v7r7%b, AMOKETIT->
(pUC19_N-195& pUC19_196-C) o

2.4.4 TEMI1® N K5 MEr R OFEBR ORESE

pUC19_N-179 & pUCI19_N-195 %* 5 SnaBI &
BamHITYI Y B L, pET42a(-GST) ZEA L7
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(pET42a(-GST)_N-179& pET42a(-GST)_N-195),

AFEBATIE, TEMI1O N F Kbl 13 N K
12 (His)sZ > (N-179& N-195),

2.4.5 TEMI1® C Kuufllkr i 53 % ofil 5

QCHIT & v, pUCI9180-CIZhH g a K »
(NdeI% 4 b) ZHEAL7

T, kT P &2RREL Xl 4 b2l
AL7z

o NT=RT ¥ —% Ndel & Xhol THLELL, 180~
CWrh #pET22blZE A L7 (pET22b_180-C),
pUCI19_196-C% H\», [k T, 196-C Wi
F & pET22bIZE A L7z (pET22b_196-C),

2.4.6 TEMI1® N & C Kbl b o 5Bl

ROMESE

QCEIZ & Y, pET22b_180-C& pET22b_196-C
DT7 promoter LISt 4 b Z3EA L7z,

BT (His) s LR O T B> DRIZ, Stul
A4 bxEALA (PET22b_180-C-(Stul) » &
pET22b_196-C-(Stul) =) o

pET22b_180-C~(Stul): &, Sl TRLIRL, T7
promoter % 5 £ £180-CWrF %, pET42a(-GST)_
N-179D N-179D#1E 3 ¥ ¥ Fi O Stul 4 i
EA L7 (pET42a(-GST)_N-179_180-C). [Flkk
12, pET22b_196-C-(Stul)> ® T7 promoter & 5
{ 196- C Wi i %, pET42a(-GST)_N-1951(2 &
A L7z (pET42a(-GST)_N-195_196-C) .

2.4.7 TEMI1® 2 Wik & GsTgld L5 RD

HE

QC#E:IZ X b, pETI11a-GsTgl(DS) s (His)s D
T7 promoter it lZSacl¥ A M #EA L7z,

BT, GsTgl(DS) s (His) s D& IE T i
®DBamHIH A + O FHAINodH A4 b Z#EA L7
(pET11a-GsTgl (DS) s (His) 6-SacINod) o

pET11a-GsTgl(DS) s (His) s—SacINotl % Sacl &
Nofl THLEE L, T7 promoter & 4 < & GsTgl
(DS) s (His) s 7 i %, pET42a(-GST)_N-179_180-C

& pET42a(-GST) _N-195_196-CH Z L Zh D C
KIGWE R O IE T F ¥ FiDSacl & NoIH 4 i
A L7 (pET42a(-GST)_N-179_180-C_GsTgl
(DS) s (His) ¢ L pET42a(-GST) _N-195_196-C_
GsTgl (DS)s(His)s)o
2.4.8 TEMI® 2 Wil & GsTglo LI BLR~
DEFEA

QCi#EIC & b, pET42a(-GST)_N-179_180-C_
GsTgl (DS)s (His) s DN-17912 T179Q% 5 % 38 A
L7

Fe T, 180- C IZ MISOK % % % 3 A L 7=
(pET42a(-GST)_N-179/T179Q_180-C/M180K _
GsTgl(DS) 5 (His) s) o

[ #k1Z, pET42a(-GST)_N-195_196-C_GsTgl
(DS)s (His)s ® N -195 £ 196- C I L F I,
E195Q % #¢ L L196K £ # % 3 A L 7z (pET42a
(-GST)_N-195/E195Q_196-C/L196K_GsTgl
(DS) 5 (His) 6)

72, QCHEIZ XY, pET42a(-GST)_N-195/
E195Q_196-C/L196K_GsTgl(DS)s (His) s D
N-195|CE195NZA R 2 A L7 (pET42a(-GST)
_N-195/E195N_196-C/L196K_GsTgl(DS) 5 (His)

X512, QCHEIC XY, pET42a(-GST)_N-195/
E195Q_196-C/L196K_GsTgl(DS) 5 (His) s DGsTgl
(DS) s (His) 6 \ZCI1TAZ R ZE A L7z (pET42a
(-GST)_N-195/E195Q_196-C/L196K_GsTgl(DS) 5
(His) 6/C117A)

2.4.9 GsTgl& TEMIWiH 03575 A 3

FEAETAEZRBEOT ¥V Vst
BN

fE# L 72pET42a(-GST) Hisk~R2” ¥ —%, K
W5 WBL21 (DE3) AL, #F-~<4 ¥ (50
ug/ml) EAHLBY:H (5ml) ICHiH L37C T—
MR & H R L7z CORBER 1ImIZHF <A
v (50ug/ml) & 1mM IPTGEALBE:H (5
ml) (2hz, 15C CI20EH, ke HH#EL 2,
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Z ORI ul%, 7YY ¥ (100 ug/ml)
LIPTG (1 mM) &AEEREMICEA L, 37C
T24ARE I EHE L 720

3. BMREEE

3.1 GsTgloitH

Fig. 212" 3 X H 1T, BFERE % 15—20CITF
FHZ LT, (ERLZTRTORIRT, Mlase
4 (Fig.2 (A)) & W iEMEm s (Fig.2 (B))
TGsTglP MR I No T 72, HiHis-taghifk %

J w72 Western blotf##r T, 3 XT®His-tag#
HOGSTgllZOWTN Y PR S 7 (Fig. 2
€)oo LL, Ni** 77 MG LBRTE
D1xGsTgl(DS) s (His) 6 & GsTgl AEX27 (His) 6 D
HTHot: (Fig.2 D))o TN DDOREFRIL, W
FREOERGEZ WL,
3.2 GsTglOREFIGH N E DR,
Fig. 312773 X 912, 50 uM KA-MCA & 50 uM
Z-DQMD-AFC # 26 uM GsTgl (DS) s (His) ¢ 47
TEFI37TCTRIG 4, TP E325 nm THOE

/4
EE 5§

=

l:‘::m

Al

Fig. 2 SDS-PAGE and Western blot analysis of wild-typeGsTgls.
(A)SDS-PAGE of cells. (B)SDS-PAGE of the soluble fractions. After sonication of the cells and
centrifugation, the supernatants were analyzed by SDS-PAGE. (C)Western blot analysis of the

cells. (D)Purified wild-typeGsTgls.
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AR M VEWET S E, 390 nmfED K — 2
DAL, M43 nmfF IS — 7 34 UL 72
(Fig.3 (A))o ZHhiE, WRTF KO
HOGILIE = AV ¥ —B8) (FRET) O Z R
L 720 KA-MCA#JE#20—50uME L, Ak
WEE LA, 43 nmoEEHE (FI) X
KA-MCAREOBE & I L 722 (Fig. 3

¥l rem &8 rm

&

A

g &
T T

i

Flhcresience riensky
¥
||

Wi b=
2
3 [ == 7 S0a 240 [=.4
Esmisainn wiarssbesgih (nim)
L T T T T 1 o 1 T T 1
530 =f S oo = - |
] 3
- == EET 1T .
£ §
[ il
L e = B W -
£ i
%*::- g*-1.:-
:
E'::- - &w -
™
i i | I | 1 1 | I ]
a 1 3 4 % & % [

Reaction time N "Rsction time |h|-'E-

Fig. 3 Measurement of GsTgl(DS)s (His) ¢ activity by
FRET.
(A) Time-course of fluorescence emission spectra.
The reaction was performed at pH 8.0 and 37C. [E]o
=26 uM. [KA-MCAJ0=50 uM. [Z-DQMD-AFC]o
=50 uM. The reaction mixture (10 4l) was mixed with
water (3,000 ul) and, the fluorescence spectra were
measured at Aex=325 nm. The spectra at 0, 0.5, 1, 1.5,
25, and 4 hr after reaction are shown (from top to
bottom at 390 nm, respectively). The similar
measurements were done with different concentrations
of KA-MCA : O, 20uM : @, 30uM ; [, 40uM ;
and @, 50uM. (B)The fluorescence intensity (FI)
change at 390 nm. (C) The FI change at 443 nm.

(C)), 390 nmOFUIZALL = h 72 (Fig.3 (B))o
3.3 GsTglAEX27(His) e ZRMAKDFEH L FRET
P ST 14
Fig. 4 \2RT X )12, 15MOERKZER LY
—IZH L 72 (Fig.4 (A))o 50 uM KA-MCA &
50uM Z-DQMD-AFC#%, BEFEAFHE TFIZ37CT
OGS &, 443 nmOFIO 7% & HIHE % 1572,

GsTglAEX27(His)e

39 -

< uM)

Activity (FI - hr!
)
| |
| 1

GsTglAEX27(His)e

Fig. 4 SDS-PAGE and activity of the wild-type and
mutants of GsTgl AEX27 (His) 6.
(A)SDS-PAGE of the purified enzymes. (B)
Activity of the purified enzymes.The reaction was
performed at pH 8.0 and 37 C, and the FI change at
443 nm was measured at Aex=325nm. [KA-MCA]Jo
=50 uM. [Z-DQMD-AFC]Jo=50 uM. [E]o=1-6 uM.
The activity was obtained by dividing the initial
rate (FI/hr) by the enzyme concentration.
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Zoftipr it E L7 (Fig.4 (B)). %< 3.4 FUYTLERBADIZD DK
OEFAE, AR (WT) 12N, Suiltkz V== 7RO

fL7ze EHTNE LT, MRE L HEE S h Fig. 5 12, 1’rziaj‘abf:pET42a(-GST) Hisk 7 Z
% Cysl17% AlalZ i #e L 7228 B4R b m W isTE 2 oR IF (Fig.5 (A) &7 ¥ ¥y v LIPTGH
L7ze i1, ERWEZHPLCTAML, iz  AERFEBTOLEFHEZRT (Fig.5 (B)).
PIET BB D 5o N-179_180-C(His) s & N-195_196-C (His) s 1&, 7k

eh

T AT,

= deca £ 12

HE L
S+ TAT TR

.. I@fe"
=1l |.=-l:
eyl b=

Sl L ot [ 15y

d\.o-".-\.d 2.

T A

12081 A=

|1 B FLT S T

TFL AR
T

a
{B] R AT AT ST AT S RET T AT, Pl & R
- =TIk’ | 41T 1= -I' I"D
L '
|?|.'T-1 e N

=ITIn -SCT =TIe CIT
™I e Ik i
IR 6 -1,

“Sd LS -FE CAGIESFE T

Fig. 5 Construction of screening systems for GsTgl with substrate specificity altered by random mutagenesis.
(A)Plasmids constructed. All plasmids were constructed on the basis of pET-42 a (-GST), which confers Kanamycin
resistance and in which the region of glutathione S-transferase is removed. TEM1 f -lactamase or both of the
N-terminal domain (N-179 or N-195) and C-terminal domain (180-C or 196-C) domain, and GsTgl(DS) s (His) 6
were introduced into the plasmid. (B) Ampicillin susceptibility testing. E. coli BL21 (DE3) harboring each plasmid
was inoculated on a LB agar plate containing 100 M ampicillin and 1 mM IPTG and incubated overnight at 37C.
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BLlahol, TNUE, o 2HOTEMIK A
%1%, BL21 (DE3) HC, BEKREZIEH L 2\,
WL TOARRDOTEMIMEE &2 & 573\ 2Z & &R
L7z TNHIZ, GsTglEZTZEAL L

N-179_180-C_GsTgl (DS) s (His) s £ N-195_196-C_

GsTgl (DS)s(His)s b, EH L ah o720 LHL,
TEM1E - @ YI Wi EA7 & 3412 Gln & Lysbhk 3t % i

AL7:&Z A, N-179/T179Q_180-C/MI180K _

GsTgl(DS) s (His) 6 134 L 72 %o 7248, N-195/
E195Q_196-C/L196K_GsTgl(DS) s (His) 6 I /£ &
L7zo ThHiE, Mifad-c, TEMIK K O N-195
£196-Cld, BELBAERETEH L RS, EA
L 72 Q195554 & K1965% 2 % Gs Tl 4G S %
ERKDOWER LY, TV YoRIETEE R
FTEIWECRLILERBR L, TOEZIL,
N-195/E195N_196-C/L196K_GsTgl(DS) s (His) 6
& N-195/E195Q_196-C/L196K_GsTgl(DS) 5 (His) 6
JCLTARAEF L e olz2 e bHFFEsh s,
ZD X HIZ, pET42a(-GST) _N-195_196-C (His) 6
2w, N-1950E195&196-C @ L1964 %
BATHILICED, HHOEREEREEZ SO
GsTglz, ¥ ¥ LERTATT) =05, WHF
MINCAZ ) == 7T B R%HMEN L720 RFEEBLR
i, TrEYY ViRERZ EAIELIEICK
D, EIEVEZ HIERKRZ BRI A 7 ) — =~
JTEHTETHb,

4. B 8

AEEICHEBILNE 7 7 5 THET & 5GsTgl

D BB R ORI L7z, FRETIZ X %
GsTglOBEZEEN %2 M L7z GsTgld15
FOEREKARFRL, LRHoFEENEkLEHT
5T ET, EERERL, MR LT, WL
AEDLOTEREFWEHS NI L2, GsTglo T &~
FAERTATF) =05, HNOLEREREZ
LODDEMBIICAZ ) ==V 7T 5 R %ML
L7z

X Wk
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Contribution of aroma compounds and lipids to “koku attributes” of pork

sausages

[ T
(T RAERAFAAE )

Toshihide Nishimura

(Faculty of Nutrition Science, Kagawa Nutrition University)

It is well known that pork sausage is very popular as one of delicious foods. However, the
clarification of factors involved in its deliciousness has not been known yet.

In the previous research, the sensory characteristics in taste, aroma and texture of pork
sausage were clarified by sensory evaluation. The addition of umami compounds to sausages
was also shown to enhance the intensity and lastingness in the retronasal aroma sensation of
pork sausage. This result indicated that umami compounds contribute to “koku attribute” of
pork sausages. Furthermore, the analyses of aroma compounds of smoked and non-smoked
pork sausages showed that common aroma compounds were clarified to be f-Pinene,
3-Carenem, D-Limonene, Octanal, Nonanal, Caryophyllene, Methyl eugenol. However, there is
no evidence that fat contributes to the enhancement of “koku attributes” as well as umami
compounds. So, this research was carried out to clarify the role of fat on the retronasal aroma
sensation of “koku attributes” in pork sausages.

First, the sensory characteristics of three kinds of pork sausages containing different
amounts of fat were examined by sensory evaluation. Sensory analyses showed that addition of
fat make the richness and lastingness of flavor of pork sausage stronger as well as the intensity
of umami taste. This result indicates that fat has the enhancement effect on “koku attribute” by
the lastingness of aroma sensation. On the other hand, there is no effect of addition of fat on
the enhancement of the spicy aroma sensation in pork sausage.

GC/MS analyses of aroma released from pork sausages containing different amounts of fat
have shown that f-Pinene, 3-Carene, D-Limonene, Octanal, Nonanal, Caryophyllene, Methyl
eugenol were identified in these all sausages. The amount of these aroma compounds released
from sausage has been shown to decrease by addition of fat into sausage, indicating that fat
was able to hold aroma compounds. From these results, the lasting effect of aroma sensation in

“koku attribute” of sausage was also shown to be enhanced by addition of fat.
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T, ZLORMICTZ LWV SEHFFRE
N, BULEORAGFHAD I H)IMEH ST D,
LA L, 227121k, ThETICEDBALLLER
M nizd, BERIME ORI TG L T, £
RLTWROPBIRTH S, 22T, Al 2
ZHK, T %5 PIEEO T TORL T
ENBLDOTHY, % ORI TR S N5 Bk
S, TORIBAAPENTE S LIAAS) 2 b NZZ
NSRS B FhitE D 3 DD EFE T S5 &
RTHDHEEFRLL'Y, T2, a70HHENR
WIZH LT, ZOREA AL EZHEL TW
bo TOWT, EWOBHESIL, PUK, FEE,
M EOMIIZ X DR END EEZ TV D,
T/, ZOMMRROILASY) LRtk & B g
DYHE LT, ) ERWE L REAEE & #H%E
RIZLTWEZEEZHLMILTEY,

K=V —t—=Vlk, BEXPYoOPTLLEY DT
ERLGEYDO1OTHY, ROHBEEDOSZVE
WS TH D, TOBVLSIE, 9 TH, MHiFo
FOELTICEBICEAZ LR ICMBERATY
bo INFTTH, K=V —t—TVDOEFZEDIC
B89 % W42 Ti&, Mottram” % Ramarathnam®
OB E Y, T IVFEL, XM,
4-AFN-2-RV %)V, 2-TFN-2-F7 T
F— Vi EOFLZ S HEMEIE AR L2 0
POELMMBENLZEDBHL N ER>TWS
2, BREGOBWL ST A%EIE, 1ZEA
EhaihTwiwv, 22T, AEIR—7 V-
=V ORI 2% E TN . 9
K=V —t—VORETE, WRFELTH F
WY & RmINS % & RS, #w o fRIEZ @ L
TWbIehs, TNOOWHEICLE A7 -
BB A A = A XN E YT, %82 LT\,
O I2BWT, K=V —t—V DK

W x EReRHi TR L, N—27 v —t—Y DEHE
R E LT, ) IR, Rk, RIEZRIK, LA
DODHDZNR, EADDLK, FILW, HEOL
B, BBV DOHLEFEY, AE—F—, AL I —
HED, WH, KIZ, Ya—v—, TUTY
mE, EEWTR2HHOMGREZHINL, F—2v—
=Y OEKREICIE, T2 YT E BT
HETHIELEWAOLNILE, 2, V—t—JLC
BMENTWD ) THRWEIE, K=y —t—7
DOIOFFZ R IR T S5 LR, RO
SRROFEHMEZRSE LS L b, Ay
HEMETH LI LI L 72, 51T, K—72
V—t—=I0oih L2 HRES E RN ET R
ruax 7774 — (GC-0) LHBEGH AT ALY
o~ hr7 74— (GC/MS) TN L, R—72
Vv —t— VORI BRI ES T SRR E
FEL7ze /Y AE—2 Y —t— T TRI6HHD
BRI G HEIBE R, GC/O5H & Fv72 AEDA
FI2XD, 168509 %, f-Pinene (E¥ 4 %
., #%., %), 3-Carene JPA—7, FHWV),
D-Limonene (& - ¥\, #HH2 W, BbGi),
Acetic acid (i85 ¥\, BE), Copaene (71 A A3,
Ew9 ), ), Methyl eugenol (¥, ##5 A,
Wi, N—7) B, S VRE—IV—tk—TDk
BN BWICHF ST MG L LTRER LD
WCHES N, TNHD6 G, AE—F Y —
L—=JIZBVTIHHEN T2 ehs, T
THEBOKAHE, F23&FFRHRTH S L
BENTzZ AE—= Y —k—=VTIE, ThHIIM
ZC, HEROR—-2 Y —t— VMM TS
HRIE & LTp-Cresol (&, g, AE—7)
& 2,6-Dimethoxy-phenol (A€ — 27, fii) OFff
ERHEOPE R0l TOXHIE, K=2 VU —
t—UN, RBOHLENVEZATHHMS 2 H
L, BROWIZED ) RFEZ AT 537 0H 5
EMThrIEEWPLLELTEL, LIL,
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YV —t— Y ORERITIEMNT B2, v —t—
TOEWMEICE 2 2EBIIH LT, o
ZEE N TV,

ZZT, AWFZETIZ, ThE TOMIEREE I
LT, A= V—t—=YDJEHELTHEMLT
WBIREICEHL, Shrazolictn k)
Wb TR 9 EBHTLIEE2HE LT,

2. /7 &

2.1 PR

PRERIME DR % 3fF O Y ——2 GEHF
MRS, V2mam#ag, SRmiag) &
L7z, BHBELTBWZL0%, BT LK
EPTTRE L, ERERMEHEEE & LT,

2.2 EHERHIN O FE O R

F—u0—# (24cme X 10cm) 2K ZRD,
90T FTMEL 2BHORT, HBITEmMEL 72,
WIZA -T2V — =V OHLRED, 50CIEL
T2 ERMERAL, BRRHOW T E Lz, M
BART L7z —t—Vid, Eo5umiL, 24K
W THBILIIED DIt 7z,

2.3 EHERHm

2NAR) A ML, EATROMS, &5 NIK
BROEFERMNATE, 27 HULEOIEZIT - 72
FHRBELIZ . 2SAY R ME, EXIBHIZLD
A EA T o720 2SRV A N1 &HY, FE
BORLL3FWHEOY —— V% &HE 1 AT
D, FF3ARERME L7z, HREIHIE T, ArEEo
WBE LT, ROY ¥ TV %E M 5
I, BEKCTOREZFEML 72,

Table 1 \Z/R3 & 912, FHMHEH I, A/8f ¥ —
GEDOWME, 9 IR, HRIRE, JARO)L
A0, JEBROFHGEMED 5 HH & L7ze FEC, JaBE
DIRAY EFFEL, 227 OEREOEHZITH YT
H5boL LT, FHMHBICMA /2. /2, RO
JEASD ZI0MIA 72K U2 O S %, )3

RO R I A GA A 212 DI % 57l L T D
5o 7ze Rl ERF AR I, ARHEEHE I
xFLC, mEBCTHRG L 72 BEi o S, -3 G
WIZE) 25+ 3 GEFICHY) Tl L7z s
ZEIRLTH Ho72* HikFHli ORI OWT
OfEFHLEIE, —ICRCE I X B Wit R v
TITV, AEAEOWMEICIE, 5 %EHRFEICLS t
WoE & w7z,

%1, HIHEF [BOLS22 ]| EEE %
i

* 2, BRERERFHE AL (Tablel) % ZH

2.4 R=2V—t =Y OFZWGHH

a) 28Iy 7 (YVAESY AMRHAD) 12

X B FLAM ST DRk

HEY—k—VEMU L% 5 gxWY
40mlD N A TIVIEIZ ATz D%, 60T T 2 K
I L 720 CORIZHFEL 72Ny FAR—ZFK
L5 % Mono trap (¥ V) A€ ) A EA
V=TI VH A T R) THiEL,

b) GC/MSIZ & 2 FXET DR E

a) THBL 72382 GC/MS (Agilent 7890A
GC-System, Agilent 7693 Auto-sampler, Agilent
Technologies 5975C inert MSD with Triple-
Axis Detector) 2t L, F&ES % FE L7z,
SFtiE, GC (GC-2014, (Bk) BE#A/ERT) <
CP-wax 52 CB  (30m x 0.25mm i.d., 0.25 um film
thickness) (¥ —T V44 =Y A (BR)) 7T 1%
Hwizo $7:, KOG ORMNREZ, ¥ T
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Table 1 V—t— Y OFEREFHHAMA (The sheet for sensory evaluation of sausages)

cAR= V= —=TR10EPL LG L, FHHO2 SMEFICEHI L TF v, i
TV, ERSIETFICEHE L TL 2 S v,
S TROAT—=VESEIL, ZFFHEEBICOWTA, B, C&ME (-3, -2, -10, +1, +2, +3) TiFliL,
Z OFHIE I AF O 2T TF S Wo i, JEBROIRATY (&, 10BN L 72 #5812 5& U722 &3 2 37l L T < 72 8w, RO Fife i,
RAGAATEHROMRS ZFFHM L TL 2 S,
BT B Y IV EEZ B, BT, HREEToTLEE N,

g5 Ik g9 g% 7 T [ A [
u\ﬁ,j w7 W R us%’@ v R w7 wﬁ‘,:
- 3) (-2) (-1) 0 D (+2) (+3)
| | | | | | |
| | | | | | |
(-3) (-2) (-1) (0) (+1) (+2) (+3)
B A C
(-3) (-2) (-1) (0) (+1) (+2) (+3)
B O e Y A S I
#yome | | | | | | |
(-3) (-2) (-1) (0) (+1) (+2) (+3)
@ | 9 FHROME
(-3) (-2) (-1) (0) (+1) (+2) (+3)
(-3) (-2) (-1) (0) (+1) (+2) (+3)
(-3) (-2) (-1) (0) (+1) (+2) (+3)
® | EROFEREE: ‘ ‘ ‘ ‘ ‘ ‘ ‘
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Table 2 R &P KRK—2 V-t — TV OEERMEICE 2 552 (The effect of added fat content on sensory

quality of pork sausages)

PRowE AL Y —BE/Y PELS ik JEIR O 5 203 1) Jak o> FAE

BRI 027+161 a —060+0.95a —007+093 a -027+124a -060+140a
1728385 -033+149a 0.53=0.62 b 047%0.62 a 027%0.93 a 0.07+0.85a
A 007177 a 153109 ¢ 153+115b 1.87+0.62b 147+1.02b

i R CEHMIHE SIS BT, ®BAa27 V7 7Xy b (abco) MTIE AEAEFHLIEEZRLTD, n=15

ZINA S —BF/Y)

371

Fig. 1 Difference in sensory quality among three kinds of pork sausages containing different amounts of fat
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I FHROME LIEROR S I LT, PR
WAL R BIZONTHL %5 LR iz, 9
FIROM L, ROTMEISIS T, AR
FIRAGR 2% Z EAVHIB L 720 IENIASD RO

M AT LI LITAONT VLD, ZDRAA
ZANEHOLRICENTBELY, TOAHZA A
DFFINTRIR VERETH 5, HIRIEEEIZE LT
&, MRS &R RN & O T, AR
EPRD LN, BRFEEILVIZLE, HR2HE <
B ENWLNE RSN, ZORRIE, IR
MEICEY, RINEEREEZ D% T2 L5 HE
THHI LR LTW5, B, AEEIEOI
VXA E 225 TWDHDOT, FRPIEIE TR
WTED0b Lewsdy, EREHOREETIE,
BRI RGOERDVICEEL 52 57217 TR L,
MBI HEEG 2 5 FIC, AHEEZWNS T LM
EMEDRTICOBABLDT, PFYAT VY3
T EOMEMEE T LI LT, BIERmD
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PSS REIC 72 2 W REMEDSE 2 DD,
JHBRDIEASY 70 & T HHREICBIL TS, @
THRMERIL L RBIZONT, i AhbI L
PO E o720 LAL, IRIGTRIE &R
D5 Tl JARDILEAS) REEREATRC 25 D
DD, HERETED LNGRD o720 BRI
PEHETHLE, V—t—TVDRDbVIREEI
JEASY, FEEMEAERL 2% 2 L AVHIB L 72,
Lx OB TIE, %~ TR S FRKS
DR EEZETLIMELELT, -V AT
O— VR bWIAT 4 FRATH—= bW 72l
MAT =D, FREGERHESE, BEPYoD
T R RIFT 2R DL Z LW L7z BRE
X5 2o, EROFRME WD, a7 %
Wog A2 ERHLNERSTWDEY,
SEOFERNPS, K=V —t—V T, &N
TAHRNGREZERETHI LT, ) THRRPIER
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&, JEIRDIAAD ) RFRMEATRNZ E D HH &
hotze TOMME LT, RIAEFND % IREF
LCWBIREEAvRIE I Nz, 72, 2RhETO
WRIZBWT, REICRFE SN HFRNS L,
log PEIFIEN B IEHEHEOEASVIZE D, Ko
BREDLZEFAONTND, €T, V—t—
T ORI G EHE RIS, RIS RIS R
T, B BTV TRET L 720 BRI,
V=t =T %N TIVHRIZAR, 60T T 2K
BCL 72T, A TOVIEH SO S B R
ZHEL, TNHE2GC/MSTHMN L, FHEM
DFFE & T DR 3N &7,
BoN7GC/MSH 7 a< b7 5 4 %Fig. 2 ~
4128 L7zo Fig. 2 3R mAMN#E Lo, Fig. 3
128 MBS O, Fig. 4 385 2 mmE o
SRR ERL TS, ZRIRLTHEA~G
X, £ N B-Pinene, 3-Carene, D-Limonene,

-,

Octanal, Nonanal, Caryophyllene, Methyl
eugenol TH 0, S OHH THRI S N5 T
% (Table3), F7z, Table3(2iX, TN Zho
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RIFEERE (9)

Fig. 2 GC-chromatogram of aroma compounds extracted from non-smoked pork sausage without addition of fat
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Fig. 3 GC-chromatogram of aroma compounds extracted from non-smoked pork sausage containing 50% of regular fat
content
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Fig. 4 GC-chromatogram of aroma compounds extracted from non-smoked pork sausage containing regular fat content
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Table3 MRIFGROEL LV -t =V nORMINALFLARLSEOE (The
differences in aroma compounds released from three kinds of pork sausages

containing different amounts of fat)

Bib & h7o b (BE 5 x102%)

PREFIER (43) 2L E s
ELRTAY | 1/283Rm Biikis el
10.05 B -Pinene (A) 10.9 10.3 85
10.86 3-Carene (B) 379 30.2 249
11.74 D-Limonene (C) 37 26.1 194
12.67 Octanal (D) 19.1 8.8 38
14.37 Nonanal (E) 36.7 143 103
1794 Caryophyllene (F) 22.1 9.6 8.1
21.06 Methyleugenol (G) 95 43 38

[ -Pinene & 3-Carene Dt =1, MRIGEMEIZIG
UC, WHIEIZA LTz, —J5, D-Limonene,
Octanal, Nonanal, Caryophyllene, Methyl
eugenolld, MRIGASRIMS N5 & ST EH
BATHZENPLNE LR ST. 2D LI,
B -Pinene & 3-Careneld, MBI & BTG WA
ZLTW5A2S, NSO IE & iy i
WIEEZLTEBD, 60Comsicky, ks h
W oz g sz,

D EDERENS, =2V —t—YOMETH
MENTVBIEIE, R—2 v —t— MY
HBHBORSEREEL TWA RO E o
720 BRI STV B HLR L, BRI
FECER 24 ICH/FSE A 2 BUL T 5728, vV —
L= YOO D, T2 2L T
W kg Sz, 7, IRORME R D@
1, BERORDVOEVE S 725 LT\w 5k
WrREZ N5,

4. 8 B

K= v—t—Vid, ERZEMD1DOTH
D, a70bbEMmEEZLNT WS, LLETOHF
ZEIBVT, K=V —t— TV ORERFITHMNS
N5 9 THRWHED, T EHOEUT5 & Frsilt % 5
O, 7 OWHIIHFGLTWLIEEZHLRNITL

720 AWEFETIE, WS NBIRIIESRR LY —
=V L, REROECPERER ST
WZF D) OFFRIEIC T TR B T,
HARERHE T, IRIo@mE»E 2 % &9 FIR
LERDOK U S Z DL I EBHLNE o7z,
F72, WRDOWVOIAH ) RLFEE 2 R, T 7 B
MRERTZENHLNE ol —h, A4
YR/ O IIIHEE G R hh o T,
wIZ, GC/MSIZE D), Thzhoy—t—v
ORI SN ERN T E EDOERE TR €
OFEFR, WS A& =(2BbH 53 f-Pinene
(¥4 %4, FH, ¥), 3-Carene (JPR—7,
#H R W), D-Limonene (F&- Xv, FRW),
Octanal, Nonanal, Caryophyllene, Methyl
eugenol (R84 2, 7 L—¥, #IE) Hkil
SNz THHIE, WTFhb ) YV AE—T Y —
= VTSN Th 72" £z, Th
SORGRIE, RGNS %5 LIS
L %2 HHLI, ZofRIE, v—t—
JIHRMENT VBRI, v —t—Y Of#Hz
R HELRTZRFEL, WbV ORHRE % 55 T
WL ENWLRNERY, V—k—TDar D
MICEFG- L TWwa LS NIz,

GBI, A=V —t—YVOF) OIFHITKE
CHFEG LT BRHERIT L LTHE S NFHEK
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Study on flavor components of dry-aged beef

R I

(B IR RS 540

Satoshi Kawahara

(Faculty of Agriculture, University of Miyazaki)

Dry-aged beef is believed to have different and preferred flavor by some consumers to
that of wet-aged (ie. vacuum packaged) beef. In this study, we tried to compare the volatile
compounds from both cooked wet-aged and dry-aged beef qualitatively and quantitatively.
The wet-aged beef from Japanese Black cow was prepared at 5C for 30 days with vacuum
packaging, whereas the dry-aged beef was prepared in an aging cellar designated for
processing of dry-aged meat at 1C at 73% humidity under 2 m/sec of wind speed for 42 days.
Unfortunately, there is no difference in sensory profiles among the aging methods in this study.
The detailed reason was not known, but it might due to the population of contaminating
microbes on the meat. Volatile compounds isolated and identified in each aged beef are
composed of the aldehydes and the ketones that are typically detected in cooked beef. The
amounts of volatile compounds in the dry-aged beef were higher than those in the wet-aged
one, although there is no difference in those compounds qualitatively. This would be caused by
the accelerated oxidative reactions between concentrated solids in the dry-aged beef. The
higher amount of volatiles could contribute to the production of aroma and flavor of dry-aged
beef, but this would not be necessary to improve their palatability for consumers.

TAIICLYDRELIMAEINZELDY,

1. B ® .
‘7‘_-L\tt£of\/)éo
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OFED LVROZALDS T 7255 DTHALI LR Y
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AR &, AR 2 BIRFFEICK & Vs
HnwZk, W7 IV BoAKEICEROMAEY
(M 3 X O ERE) oM ERd bk
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VERL 3 DIMTEFEE 2T > 720 BEWE Y7 uB R
¥ UCTHERL, 2TV - ¥ =y v BT
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3. BREEE

ARAFTE TR B L 72 2084 o B RE AT AR K 2R &
Table 1 12779 o HREMAOM R TIZ, ORI
AL FICADTS IZOVTHRAIZN, T
NI A VU TR L 72AAYE BAZHEK S 22 &OHI
ENize TOMIIOVWTIE, Yy bV VT
WORGEEDT0% I TH o 72D LT, K5
ALY THROKGEREIZ60% F T LTw
T EERTSEEZEZON, LrL, FIA4
IA DY 7ROMES OFF L ST TE %
IRzl h D, KASEEmOKTIS &
EDOZALITHBEZ ORI ED Vb DTIE %R
WwWeEzohiz, —7, [&F0] % [WR] 0HHH
IZOWTUE, BRF OB XD G A T 1)
L2 EMATRD LT, FOEFRIIHMES b
DT R o7z. [HMEMBHELIS] IOV
SFETHLRELRIIBD SN o720

72, RRBRCHBLI-FIA ATV THT
X, FEME SN D [y v R O%AE LS
Nadotze F vV ROFBAEIIZAN LICHEAET
LAY, ¥\ Thamnidium)®d (=57 H €)E)
DHEGIRBEEINTVD s — /T, RIfFETIE,
WokAZHRETE S L), HHCHBEL
F— (i) 2HWTRIA A Vv 7Rz R
LT &5, B R IR O A & B L 72—

HTHohd LN, FILITA TV TR
BANDBEY OGOV TIEIAMW R 2% <,
Z DILEHREIC OV TIE SR D HEICHET T 54
Wb EEZ LN,

AKBFZEIZ BT, MEALZHFILA DNy F A
NR—= 205 Bl - [\]5E T & 723 R 32T
DY, TERLELDO%ETable22F L D72, PUkS
FEOBENIT VT FER T b ORI
MREBEERIFL TR EPBIRSR, F54
IA VY THTEINL DAY OMIBEDIR L
THIML7ze ThoofbGlo% Ik, i
VT X —H VARV USR IR RO ESTIC X
DERTLHDTHL, TOEKNELT, FIA
IA TV TRIZBWTKRGEEPRT TS &1
XD AMRICEIE S SR L 722 &2, gk
DB Z % FRL ORI SUL DM 8 % K IF
L7zbo s s,

il 2 AL EWIIER L72A, 7 b VT
2,3-butandione (¥ 7 & F V) < 3-hydroxy-2-
butanone (7t M4 V) OEBERERNB NI 4 T4
VY TRTHEML 2. S S IEFLELT O A R E
RO F B2 R72 LT BILEWTH
D, HERELTHMHEASIA TS, FRIZBNWT
X, Y —FROEREE L Tn B E D E
AbLNTWA,

—7Ji, 7 V5t F# Tl methyl butanal %

Table 1 Consumer palatability scores of grilled beef

Wet-aged Dry-aged
Aroma Intensity 45.1£23.0 465+21.1
Liking 599+16.8 59.3+17.0
Taste Intensity 61.7+19.1 64.0+16.7
Liking 632+215 64.4+22.3

Texture Hardness 3438 £238 459> £21.7
Liking 60.3+21.2 619+174
Overall liking 65.1 +225 63.6 +26.1

Values with different superscripts are significantly different (p<0.05)
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Table 2 Major volatile compounds (ng/g sample) of cooked beef in the headspace

Volatile compound Wet-aged Dry-aged
Aldehydes
Acetaldehyde 6.92+1.79 8.73+1.93
Butanal 0.22£0.08 0.27+0.06
Pentanal 280+0.48 343+0.34
Hexanal 102.0 245 122.7+19.1
Heptanal 144 +0.11 1.71+0.35
Octanal 5.69+0.29 6.38 +0.54
Nonanal 785+0.37 11.87+1.99
Decanal 0.66 = 0.06 1.26 £0.20
2-Methyl butanal 89.91 +28.83 193.7£56.2
3-Methyl butanal 3.88+£0.99 9.35+321
Benzaldehyde 6.54 +0.82 6.80 +0.81
Phenyl acetaldehyde 6.31+197 10.34+5.19
Sum of aldehydes 2498 +379 393.7+59.8
Ketones
2-Propanone 99.16 £747 91.02 +23.46
2,3-Butandione 9324+13.38 2924 +376
2-Butanone 1009 + 228 1104 261
3-Hydroxy-2-butanone 3195+67.0 4054 +76.5
Sum of ketones 1521 +238 1893 +275
Sulfides
Dimethyl sulfide 42.82+3.89 2241+6.73
Dimehyl disulfide 586+0.61 1446 +3.93
Sum of sulfides 48.67 +3.89 40.01 +7.80
Pyrazines
2,5-Dimethyl-pyradine 1594 +115.6 36.45 +25.26
Trimethyl-pyrazine 2584+ 331.1 1186 +111.7
Sum of pyrazines 453.3+350.7 16751145
Alkans
Heptan 6.96 = 0.28 5.96 £2.04
Octan 1.78 £0.03 1.760.27
Sum of alkans 9.53+0.28 8.39+2.06

The data was shown as the average + standard deviation of 3 samples.
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Table 3 Major volatile compounds (ng/g sample) extracted from cooked beef by SAFE

Volatile compound Wet-aged Dry-aged
Aldehydes
Pentanal 10.07 +£4.34 12.34+£4.79
Hexanal 259.9+40.1 3804455
Heptanal 374+1.19 419+093
Octanal 12.75+£5.17 14.28 £1.81
Nonenal 36.89 =6.02 50.20 =5.92
Decanal 781184 1357475
2-Methyl butanal 4259+174.6 986.4+75.2
3-Methyl butanal 1648 £10.25 4396 +4.33
Benzaldehyde 11.12+1.98 1359 +0.96
Phenyl acetaldehyde 50.47+11.53 101.3+185
Cyclobutanal 290+0.16 252+0.76
Sum of Aldehydes 892.9+180.1 1676 + 206
Ketones
2-Butanone 102.7+£489 2392+37.1
3-Hydroxy-2-butanone 7918 +23.6 97.76 £11.1
Sum of ketones 1974427 336.9+32.3
Sulfides
Dimethyl sulfone 50.59 = 1.04 31.56 = 3.20
Sum of sulfides 52.18 £1.28 41.23+540
Pyrazines
Ethyl-3-phridinecarboxylate 206.7 £ 6.6 1459+10.2
Furans
2-Phenyl furan 28.03+5.31 4044 +1879
Lactones
Buthyllactone 58.01 +=4.93 85.85+13.16
y ~Pentalactone 51.93+847 96.59 +16.30
0 —Pentolactone 6.31 +1.58 8.39+231
y ~Nonalactone 1254 +12.8 160.6 = 30.79
Sum of lactones 2431+16.2 35145+ 37.31
Alkans
Heptan 40.72+11.72 33.60+11.30
Octan 1453 +1.86 1256 +£1.63
Nonane 0.24+0.01 021£0.01
Sum of alkans 60.21 =4.21 49.80 +5.38

The data was shown as the average + standard deviation of 3 samples.
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Intramuscular free fatty acids related to deliciousness of Japanese Black
Wagyu beef and its taste-traits analyzed by an electronic taste sensing

system, Part II

Wz b gt -l A - RE At - B ABE -
WA SR - W \E P RS - g A
(ARSI AR ERL, 2 SR BANIYERT, oA INSENT)

Minoru Yamanoue', Yanan Zhao', Yusuke Nakada', Shuji Ueda’,
Sayaka Ichimura?, Yuka Yoshida?, Masaaki Habara® and Hidekazu Ikezaki®
(1Graduate School of Agricultural Science, Kobe University,

2Japan Meat Science and Technology Institute, 3INSENT, Inc.)

The aim of this study was to investigate the effects of changes in intramuscular free fatty
acids (FFAs) during postmortem aging on taste-traits of water-soluble extracts (broth) of
Japanese Black Wagyu beef. Changes in fatty acids composed of intramuscular fat are
considered to contribute to beef aroma. However, the relationship between those changes and
taste—traits of beef remains poorly understood. Recently, results from an electronic taste
sensing system which determined taste-traits of meat and meat products have been reported
by several researchers. In this study, effects of intramuscular FFAs on taste-traits in beef
broth from boiled longissimus thoracis muscles of Holstein and Japanese Black Wagyu cattle at
21-days postmortem were investigated using the electronic taste sensing system and sensory
evaluation. As the results, deliciousness of Japanese Black Wagyu beef broth was strongly
suggested to relate to the increased amounts of intramuscular FFA, even though the amounts
of taste substances such as inosic acid in Japanese Black Wagyu beef were less than those in
Holstein beef. In Japanese Black Wagyu beef broth, richness shown in the results of taste—
traits analysis and sensory evaluation coincided each other, so richness can be probably used

as an index of deliciousness of Japanese Black Wagyu beef.
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Fig. 1 Changes in ATP related compounds of soluble
extracts (broth) prepared from cooked Japanese
Black Wagyu beef during postmortem aging.
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Fig. 2 Changes in the amounts of IMP in Japanese Black
Wagyu and Holstein beef broth during postmortem
aging.

Japanese Black Wagyu beef broth,  ; Holstein beef
broth, [.
*p<0.05 between bovine breeds (n=4).
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Fig. 3 Changes in the amounts of hypoxanthine in
Japanese Black Wagyu and Holstein beef broth
during postmortem aging.

Japanese Black Wagyu beef broth, Il : Holstein beef
broth, . (n=4).
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Fig. 4 Changes in the amounts of FFA in Japanese
Black Wagyu and Holstein beef broth during
postmortem aging.

Japanese Black Wagyu beef broth, H ; Holstein beef
broth, [].
*p<0.05 between bovine breeds (n=4).
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Fig. 5 Comparison of taste-traits between Japanese Black Wagyu and Holstein beef broth at 21-days postmortem by

an electronic taste sensing system and sensory evaluation as control of Holstein beef broth.

Japanese Black Wagyu beef broth, dotted and broken lines (n=4) ; Holstein beef broth, solid line (n=2). Electronic

taste sensing system (seeees ) sensory evaluation (= =).
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Effect of hypoxanthine on the improvement of taste during postmortem

aging of meat (1)
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Sayaka Ichimura, Masao Takahashi, Yukinobu Nakamura,
Yuka Yoshida, Yumi Inoguchi and Akihito Hattori*

(Japan Meat Science and Technology Institute, *Hokkaido University)

It is well known that taste of meat is improved by aging. We have already reported that
hypoxanthine (Hx) is essential for the improvement of meat taste during aging. In this study,
we focused on the bitter taste inherent to Hx, to clarify the role of Hx in the improvement of
meat taste.

First, the effects of some bitter substances (Hx, Arginine and quinine sulfate) on meat
taste were examined using the soup prepared from pork aged for 7days by sensory
evaluations. The sensory analyses showed that the strength of umami and kokumi tastes
(thickness and continuity) of the soup was enhanced by all the bitter substances added.
However, as the concentrations of these bitter substances were increased, resulting in the
stronger bitter taste of the soup, the effect of bitter substances on the enhancement of umami
and kokumi tastes was lost.

Subsequently, we carried out the preliminary trials to ascertain whether the ratio of the
concentration of Hx and inosine monophosphate (IMP), which was a precursor of Hx, was
involved in the enhancement of the strength of umami and kokumi tastes. The results from the
trials showed that the strongest umami and kokumi tastes were evoked by the survival of
nearly equal amounts of IMP and Hx in the soup, and suggested that the strength of umami
and kokumi tastes was enhanced by the interaction of Hx with umami substances.

Furthemore, the enhancement of tastes by interaction between Hx and umami substances
was examined in 0.5% NaCl solution, to eliminate the influence of intrinsic components of meat
on umami and kokumi tastes. The sensory analyses showed that the interaction between Hx
and glutamic sodium (Glu) brought about the enhancement of umami and kokumi tastes and
the suppression of bitter taste. On the other hands, there was little enhancement by the
mixture of Hx and IMP, unless the concentration of IMP was higher than one of Hx. Actually,
IMP was gradually degraded to Hx during aging of meat. Therefore, Hx and Glu might be

necessary for the improvement of meat taste during aging.
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5, FATEA O JRIRITHBRE LA - A
IS > THIES M TEBY, EFFMHSLTY
2\,

Lxlx, T THRUNE D BR OO FHERE
WML HME LT, ARATICETH
% BRWE D —DTh HEBEEY T DL &
RERFANT O BIER % FP ST e 2 H#ED T & 72 BT
DATPIE, LHFBERICTALNIIAGHEN, B
WWE & LCTLSCRBAMENTWEA ) ¥ Vg
(IMP) Lo TEMRL, ZOBOAIZL T
EHEHMHEINTERFS 5 v (Hx) T
T 50 WA, PH2SEEDORBEIFEIZ BT,
HHECERE C, REMoOBRICL ) BRB LD
3 7 WRASHHIE (TR L 22 URHC I IMPIRIZ L A E
GENT, HxDWBCERL T 2 fiib L
72t 61, KL L2 A— 7ICHxD
WEXEZTMAL L, —EOWREF CTlEHxD
BEREVARAE L C A= 7 O BW®RE X 0V 3 7 BRH 5
THIERWELY. TRODORKERIE, EAD
BROWEICH A S L Cw A et 2 i <R L
TWwb, Iz, BROALDLT, NARY —tk—
VEVS HREARNBERICBVTY, WEAKO
AL TR ICBNS 2 2RKG DO—2HHxTH
D, EEHANREA OIROBRICH DS UHTH D

EBRHLNITLTWAEY,

L2 L, HxlZoWTid, ThITHRoBHE,
LOMZEMEIXIZE A LR L, BROKRICES T
LWE L L TEEEN % WHTd 5 Tikki 5 Dt
EVBHLOATHLY HxITEKREZEL, £0
BEIX0.73 yumo/mlE i ENTWBE T, —fRIZ,
TRIFFFE L RVRE LTHRZ SN TV A DS,
AR TS X > TIEIMIEICHE ST 5 L oW
HILHL VY, 2020, HxDRET 5K
PERIZEEINLMA WRHEERAL, HReL
THRARHOWREZ LT 2 TR D 5. 4
%, EROFIIITH D BIROYEIZ BT 2 HxD
B GHHE DS & 20 i SR, B O SKGE T B
LUOBWL S ERHM T2 H -2 AIVRT 52
LHREL %,

Z 2T, KRR TIEHARATEE OIR~NOHxD
BT 5RO GIZOWTHLNIT 5720, K
WRLMBLIA—-TE2HCTHERB I 7k
DRRIZ S 2 RO 8 % HRERBRIC X D X
720 F72, TRETERORICIBVWTI VY I ¥
MG ATEREREHEZH) LEXZONTEL
HxDORiRIRTH 2 IMPO G- %28 & 5129 % 72
B, KWA—=7IZIMPB X OHxZ Mz, BWRB
L0V 7 RO ZAL & Wi H ORI O BIR 2 T
IRz, S 512, BWHRO WG OB % Rk
L., 05%NaCIAWICHxEIMPB L U7 vy 3~
B b A (Glu) ZiRALROKRIZZC
DWT IRz,

2. 7 &

2.1 BHA—T O
EEH2HMAZBL-GHKAD — R 44K
(LWDHE) oMl z#mic L TRAL, 4T
TS5 HHEBIK L 720 Bl 0MA z It D4
(S-WRAP, Star Plastic Industry Inc.) 2 AN T
TR 2050 BIm& L 7215, JKAKTHHL 72,

%ﬁli
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HELZFY Yy 72EIRL, 10000g, 3050, 4T
T HEL TEONz EiEE 5 AAMTAMBL
7AW ERRA—TL L, T 5 F CHERE
T-30C TR L7

2.2 AR —=T D55
21THREL 72K A — 7 DEEHRIEIE % I
T (R 3279 7NC-220F, (#) fEibsm#rt ~
¥ —8), pHa 7T ABMi % T (PH-METER
F52, HORIBA#), BER#YW o % ILH
SOFETME LY T/, WlET I BRIRE
&, REHIE KB X U10% A VAR FOVERE
WEMATRED F A ARITELGHEL, Boh
T bEEEARF ORGE L0 EHET I B
Mt (L-8900, (#k) HINA 72744 = A%k
) TUE L7,

2.3 Bk

B ERWERINC X 2K A — T DR

B

21 THB LKA A — 7% NS 2 HxERD
EERBMELL T @05 umol/ml & 72 5 X 9 12K
THML 72, NaClh05% 2% 5 X5z <
arybruo—jpe L7, WHRWELELLCTHx, TV
F=v (Arg) BIUHEF=—% (Qui) %K
DRI D L9123 ¥ bE— Iz THEAER
BricftL7z. Hx 08 (BIfEAHY), 163 X U832
umol/ml, Arg : 005 (BJfEAH%), 018 L
0.2%, Qui : 00025, 0.005 GEHERPIT A bHH2Y)
B L 07001 umol/mlo =i lZ L 72 30k 2 38k
By TICEmMANT 2y 727 75 LI
Bel7z0 %k, BRI 2 M%EHE L 72,
ERABOFMEH X, HATKRB X a7k
EL7e I7RIIENS B LU SOERLY H
W, JE& (thickness) (& [BRDNEW, ZToTYH
LTwa], ¥tk (continuity) & B #
M & ZNENERHM L 72" Y FFE 0 5 EE R
e L, FHioRERZ7EET, avta—)E

R LTHEFICHRAYGEIC+ 3, M0 EI
+ 2, RRWMILEIC+ 1, AUBSOYEI20,
RRHVGEIC -1, 8HWEHEIC- 2B L0
WCHEFWIGAIC — 3L L7z 28RV, BRELERR
T AN ORI DR 2 KA HFE L
T2 A — 7% FH W72l & 920t L 72 SF S IR
TR SR (33+56i%, B2 4, Kk
3%) L7 &b, &YORELWIPERT 2
7z, BhER B U 7R TR L 72

2. KAA—TDIROKEE e RFH 2 F

YBIUA T VRO O BIR

2ITHRL7ZKAR — 72 NET SHxE RN
0.3 umol/ml, IMP#& & A%2.0 umol/ml& 72 5 & 9
WM THRML 72, NaCld05%12% 5 &9
Whmz<carybta—nv& Lz, aybha—ic
IMPB X UHxZ RDBEIZ 2 5 X H 1z, &
BR1 & FBRICERERBRIZHE L7, Concl : Hx 1.6
umol/ml, conc.2 @ IMP 4.0 umol/ml, conc.3 :
Hx 1.6 umol/ml + IMP 4.0 umol/ml, conc4 : Hx
40 ymol/ml * IMP 4.0 umol/ml. 73, RExEI%L
F1Eoi & L7z,

ABR3. eARFYFUEEREOMELEH

IMP % 2.0 umol/mld % \»124.0 umol/ml & T i
Wiz, HxA%0, 07, 16, 4038 X U880 umol/ml
W2 &) 1mr CERMRBICHE L 720 £/,
GluZ 02% & LiE iz b MR ICHx %2 2 THE
AMERIZHE L 720 el TRTORMHIIIKAA —
7 LTBIZ05%1C 7% 5 & 9 ICNaClx &, ik
#y ZIZ5mIANT 2% v 79D, HxDREMN
BN S NEICRAE U 7z SRR 1 | & L7z,

ERERBROFHMIE H X, MR, #HR, BB X
Cazik (RERS X ORI & L7z, @FHfio
FEImmge L, SHioREZ 6 KRET, o
72 BAML WA 0, FEFICH CRM L
FI+ 1, BRI LEAIc+ 2, Bl
WEz+ 3, mOBMLSGEIC+ 4 BI VIR
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W A L7810+ 5 & L7e 7SR IVITRER
1EMkD5%E L,

2.4 FEEHLE
TRTOERRBOERIZ A 5 KOl
THEHB L, T2, B 1ICOWTOME A

Table 1  Profile of the pork soup

pH 6.142
nitrogen (mg/100ml) 7687
Na (%) 0.084

Asp 72

Thr 10.1

Ser 13.6

Glu 147

Gly 14.6

Ala 329

Val 11.1

Cys 0.0

free amino acids Met 75
(mg/100ml) Tle 838
Leu 158

Tyr 9.9

Phe 76

Trp 2.3

Lys 144

His 47

Arg 125

Pro 49

ATP-related d IMP 3.30
sedcmonds o o
Hx 097

3
2

strength of taste

RANGER t BUEZ W TITV, HREKEIRS %
E L7

3. BREEE

3.1 KA A — T DR 5HT

KA A =T\ CE TN BT I 7 BB X OB%
B8 L W 2 5 D AT G J % Table 1 127" L7z, FAHY
L7z A —71Z1dHxA%0.97 umol/ml& T Tz,
Z07=0, BEREREIZH W 5 BIIENAESE O Hx
SREZE L THxOSEIRBEMEZ Thl 2 X9 12
MATHRLCHhOMATLI L E LT

3.2 EHRRINC X KA A — 7 OO R
HxDFED—2TH L ERPKNA -7 D F
KB L3 7 ROMEICHEG T 5089 x2S
MICT 5720, KRR —TFITREN R IEHRIE %
Mz CHE BB L 7B OB 0 2L % 5FAl L
720 MNZ 2R L, BFZExt 5 CTdH 5 Hx Db
2, BRPICEEN, »OoRSTHOIZOEE
HFEENBT7IVF= 0 BIOERE SR VI
L CHEROFM T A MW SR D F = — 4
EL7 B, oy bu—nE LTHRWEARR

[J with 0.8 umol/ml of Hx
] with 1.6 ymol/ml Hx
H with 3.2 umol/ml of Hx

-
i Tsajh Jé sour

—1

i !

bitter

umami thickness  continuity

Fig. 1 Effect of hypoxantine (Hx) on the taste of soup prepared from pork

The strength of taste of soups with addition of Hx were comparared with

that of soup without addition of Hx. Histgrams show mean values. The
values of astersks are significantly different (p<<0.05).
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ORI A — 7 % H\v 7z,

F3, HxZ 02 72KA A — 7 Ol H % Fig.
1R L7z A HxDEEIZHNIEMED0S u
mol/mlZ R L, BERED0S, D 2016
BIX O 4032 umol/mld 3Bk & L7z, &1
DOFER, HxAH%08B X 1.6 umol/mlDE, 2~

strength of taste

OTM}DH

FE— L EHROMSIZIT L A EED S TITEK
BLORBED A HR L7z (p <005, 51T,
1.6 umol/mlCIxFifE b A EICHE L7z (p<
005), 72, 32umol/mlOEGEIFa Yy va—i
) HWRERRLMBAL, BRBL a7k
DOWRIIHER T E o lze TOMRIZ, Hx2®

[] with 0.05% of Arg
[] with 0.1% of Arg
[ with 0.2% of Arg

—1

SLPVJ sweety % bitter umami thickness  continuity

Fig. 2 Effect of arginine (Arg) on the taste of soup prepared from pork
The strength of taste of soups with addition of Arg were comparared with
that of soup without addition of Arg. Histgrams show mean values. The
values of astersks are significantly different (p<<0.05).

strength of taste

[ with 0.0025 u mol/ml of Qui
] with 0.005 umol/ml of Qui
[ with 0.01 ymol/ml of Qui

I = =

—1

j

continuity

bitter umami thickness

Fig. 3 Effect of quinine sulfate (Qui) on the taste of soup prepared from pork
The strength of taste of soups with addition of Qui were comparared with
that of soup without addition of Qui. Histgrams show mean values. The
values of astersks are significantly different (p<<0.05).
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H5H—EDREE TIIKNA—TOEK, RIZK
B X OFEREAHT 5 25, HxOREIET &
HEBRBLO I ZIRAHBRL W L EIRL,
P2 BE DR B A FERE R & b —F L7z
T, ArgZ IR 72HKIA A — 7 O Rl R %
Fig. 2 1278 L7206 NZ 72 Arg®i& i idHx & [RERIC
MAEPE0.0065% % E 1 L C0.05 (BIfEARY),
ﬁiUM%@S&%kLtoﬂm®%%,Am#
0058 X T01% DHfr, T ¥ Fa—)b EFHIROME
SREBLALEDLTICERMFEEMLZ (p<
0.05)s B 512, 01% TIXEEKE X OFkitkd
HREICHmL7: (p<005). F72, 02% D&
Hx% 32mol/mliMM L 72 ¥A L Affica » hu—
NVED HERERRRIEHL, FRBI O a
ROBRIIHER T E o720

KA A —71ZQuiz M2 72368 120W T, Hx
BILPArgE HERIZERZ T E A SR L 2Vt
FEDREETIIRA A — 7O RKS L U3 7 At
95— T, Quiz0.0l umol/mliNz % & Fk
ZRRMEAIL, HIRB X O3 7 IRk
ATExLhho7 (Fig.3)o

D E oL, SR EOMBIZ» b 5T,
ZFNHARDORET 53R 1T & A AL 2 WL
DEEKRAA—TIZMRIHE, MRA—-TDR
RBL I RAWERT L2 L 2R L TWD, &
HIZ, IZKRICHL T, H5—EDREF TIE

Table 2 Effect of hypoxantine and IMP on the taste

WK A — TN Z 7R BEVARAF LT3 5 2 &
PHER S NTzo —H T, WHRAKRE R < Al
THRELEAA—TITMZ B E, BRDINT VR
VAN TERPEHLTCLEY, BRBI O
BRIGWR L 2 WS E QLN ko 7z, FA T
H274E B OARBIEFZEIC BT, RIS MR IR
SR MATHIEZK L ZBOR®RB X3 7 ko
BRICOWT, ARBFgE L AR ICHx B L O IRY
B (h 724 v BIUHEBEY=—%) OS5 %R
NTWb, TOKE, HROMEIZHHDSET,
—EDWREOEIRIIHFHEADO TR L Va7 k%
BB AW HEMEDRIZE SN TB Y, RIFFEOM R
L —HLAY, by, WEOAEMIILD
53T EWOHBIED BIRSB & OV T 7 IR B iRk
HBo—o2L LT, HxORTL5EERIHLET 52
LARIEE N7z,

3.3 BKAA—=T7OW®DMEE e REH v F v

BIUA ¥ VBOBRELOBELR

INF CTHRRA—TORIKE XU 7 kol
NOHXxDET 5RO G IO W TR TE 72,
—J5 T, HxORiBRAEDIMPIZ, #EREW OB
DHEGPREVEZEZLNTBY, TOHFHELT
ETERV, £IZT, KAA—-7DFIKRB LU
7 WA bR < BT S Hx B L IMP O JE It
BT B EMEL, HBLZKHA— T2
HHVIZIMPZ N Z CTERERMG L, W& OWREL

of soup prepared from pork

concentration of
ATP-related compounds
(umol/ml)

strength of taste

Hx IMP salty umami bitter thickness continuity
control 0.3 20 0.00 0.00 0.00 0.00 0.00
conc.1 1.6 20 -0.20 1.20 040 1.20 1.80
conc.2 0.3 4.0 -0.20 0.80 0.60 1.00 1.80
conc.3 1.6 4.0 0.00 1.00 0.60 0.80 1.00
conc4 4.0 4.0 040 1.60 0.60 1.20 1.80
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Table 3 Effect of concentrations of hipoxantine on the strength oftaste by IMP or Glu.

addition of Hx
(umol/ml)

stength of taste

salty umami bitter thickness continuity
0.0 24 30 0.0 1.6 1.6
0.7 30 30 1.0 1.2 0.8
IMP
20umol/ml 1.6 30 2.2 0.8 1.0 1.0
40 30 30 24 24 30
3.0 30 30 24 2.2 1.3
0.0 24 32 0.0 2.0 25
0.7 24 3.0 1.0 18 22
IMP
40umol/ml 1.6 2.6 32 0.8 24 2.0
40 32 34 1.0 24 2.8
8.0 2.8 34 18 2.8 24
0.0 240 3.00 0.00 1.60 1.60
0.7 2.20 3.60 0.60 1.80 2.80
Glu
02% 1.6 240 340 0.60 240 3.20
40 2.20 340 2.00 3.00 3.20
8.0 2.00 2.80 2.00 3.20 240
WCOWTFMICRE Lz &8, avtu—) IMPOMEISEREOHSTA-TIZETN:

IFHxB L CIMPARIMOIKA A — 7 & L7z,
Hx & % WIZIMP 2 fill 2 72 KA A — 7 O FH-Ali &S
K% Table2 127K L 720 £, conc.1 THxO A%
1.6 umo/mliZ 7% % X H 12z 7234, Fig.1 TR
L7ziE e AARIC 2~ ba—)L & IR L TEIE,
RIEIE B X Otk A3 R L 7. #en T,
2 CTIMP® %40 umo/miZ 7 % X 92 2 723
&, conc. 1 OHxD AEMN & FARIZ HIR, HRIFE
B L OFEHMEOB S AR S N720%, cone. 1 &
DIXERB L ORIE KO BERAR A3 R AR 7]
720720 51T, conc.3B X4 THx, IMP®D
M 2R 2R TR 7SS, wihday
b =L E RS S L BRE L UTa 7 RO R
PR BN/2AY, conc.4 DHx, IMPE 1240 u
mo/mliZ 7% % & 5 Mz 72356 O )i Hicone. 3 D
Hx#A%1.6, IMP%40 umo/ml& ) b5k <, F 7=,
conc. 1 ®Hx%%1.6, IMP#%%2.0 umo/ml® I & [ 2
ETholeo 2F D, RELCHPHLLT, Hxk

conc.

AR EWRB X0 a 7 SR %2 )% L
720 —74, conc.1 &conc. 3 DILELIZ L 0, HxA'1.6
umo/mlDIFICIMPOEE & LTH BREB X
Ca 7 RIZEALD %, HxDS—ERFET DY
#id, IMPO BB & 0V3 7 RO IR~ D25 5.8
oW Z EAURIE I N7z, DL EofERik, HxAvH
WWEROBRHEBL a7 K2 BT 20 TIdAR
<, BRIZNIET 2IMPH 5 WIZEWYE LA
TEH L ChFE LWBRDWATER % 1B A2 7R,
3.4 bRFH VT UL BERWEOMEAH
Hx & EMRWEOMENEH 2570, £ZA

HRDOB OB PR L, 05%NaCliaicH
EIMP®H 5 WidGlud A % RE L 72RO 2L
o R

HRERBOME L Table 3IC/R L7z 7,
IMP2.0 umo/mlAE R ICHx 24 L7234, Hxhs
16 umo/mlF TIEXHx DB ZIT L A EZITTIC
IMPHAD &EB L v a 7 IkSEFli S 7z, —
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%, Hx%4.0 umo/mlPA LiNZ % &, HxANRINMD
Wt &0 bR KB X O AR5 % fn &
RU7z0 72, IMPA0 umo/mliE IS Hx & A
L7234, Hx?4.0 umo/ml T TidHx D2 % 13
EAEZIT RS, Hx%80 umo/mllil 2 % & Hx
AT & D IR AR R0 2 % R L7z,
L72o T, IMPOREIZ2 7D 5, HxA
IMPL D 3L FHETALEICHRERE B KT
LIEMAFRD bisze ORI, IR, BB LT
B2 D W TIRIMP 2320, 4.0 umo/mlVv§ 1L
OEEOHXIC X DR AR TE o/, &
72, RERIBRL TR, 05%NaCliA 2 Hx
DH %40 umo/mlil 272 & & OFRO IR X 1330
THH, IMPHHxD R T % Wik % ¥4 % v i
PEDSRIR S 7z,

WV T, Glu02% A ICHx ZREA L7284,
Hx#%4.0 umo/ml F TlE BEA 03 % {7 T
05, FNLLLMA S &R L 2 WEITICH D,
T2, REERDB IO, BT 2HxDlR
FEIARAE L O 2 2R L7z, 4B, Hx
DWEITE D ERS L 2505, TOREILE
<, IMP& [FERIZGlunsHx O 25 % R % ¥l 5
LUREMEDS R E NIz T B, 05%NaCliF
HFTGluE HxZ2RET 2L, BIR REEB LW
FeetEAs i m U, Hx HARD 5§ % @ IRIIPH S
o LR EIniz,

EER3.2THA A — 7128 5 HxB X 'IMPD
IREEL & 2 — T DOROBFR 2 T IR 7R
R, MHEPFRMEOHEGTEHINLEICER
BIXUOasRoMEsSHETH o7, LiL, E
B EZRIZB W TIPS WIMPIRIE & A &7
KT 5720, Hx EIMPAEROIREIZ % 2 W HE
PR — T, BIRISHED & 237 B o556
2& D, IMP & FBRIC TR Z 29 Glu b 8T O
BRI E TN 5, AEBIZBWT, Hxk
DRAEICTED BB L3 7 KROMMRAWE T

Ho7zDIXIMPL Y BGluTH Y, Pl L bk
BREA OO FEHICIZHB L OCGluh % ETH
bLEZOND, Tz, EBRIIT, BROHAM
WD BB X N a s Ro o —D2 & L
T, HxOR T 2R EG§2 2 LR h
720 EBEOERIZE W TFFEIE W H DA
b7 IR I AT IVEORR A R IR E AR
LTWwWhbEEZbNS, LL, HxOW M
B7VForuf v %7 I BERKT S
LEDLDTHL Y, LBho RN ORI
Lo THEDHER T TRERAPICERT LY. T
bbb, HxAERORBAHE ) RO BRI 0%
RO TR E 23 ) WEREY D 5o

4, Hx L IMPB X OGluOHI EAEH 283K L,
PIRAREA DU E L\ Rb W O T BB & ] 5
52 LI2XY, [ERNOHEHEN 2 1§ 2 %8
WZiREE] OREZBHIRL72v,

4. B 8

FERIZPET 52 212X ) ERASET 5o A
fgecix, LEBEHOKROYFEICBIT 2HxD MG
[ZDWTHIRTz, HxOMWEO—DI KD %o
ZIT, BHOBKRB LI 7 KROMBICHxD
B3 5EERPELGT 2B OWTHL MY
5720, KAPLHFBL/-A—TIZHx, TIVF
VY BIOHEEY = — A2 MA CTHERBICH L
720 ZORER, HHROMBEIC»2D LT, ThHA
ROFERA T E A EBRAL 8 W E O RILIKA
A—=TORWE LT 7 RAERRT 5 2 LAURE
SNz, KT, HxOFiEKATDH 5IMP L HxD
IREEDSIRA A — 7 OO B RIZB 53 % 22D
WCPMICHANRS &, A— 7 HIZHx & IMP2S
SRMEEAAT S L ZICERB X0 7 IR R D
i< %), Hx2SEWRWE & a2 ] Rgtk
AWRENTz, EHIT, BRHROG DB % HE
BL, 05%NaCliE - cHxE BHWEIC X 2H
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HAEHIZ O W THARAER, HxlZGlu & AHEAEH
L, #HREERZIE S oo /KB X 0Va 7 K
BRI AR SNz — 5, IMPIZDWTIE,

Hx & OMEERIZIZE A ERD SN0, Hx
X0 LIMPEED W & X (CHRIE KA RS 2
253 5 N7z EBROERWIZBWTIE, #UkIHE
WIMPIZ MR S N CHRICER ST 5720, UK
A O EROFEHIIZHx B X OCludhEHTH %
EEZ BN,

X Wk
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