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SUMMARY

I. Title

Development of Technique for Water Soluble Protein from Low

Used Muscle Protein and Functional Food to Intensify Muscle

IT. Objective and Significance of Research
B Establishment of isolated technique of water soluble protein
obtained by conversion of biochemical properties in low used
muscle.
B Development of functional food material for intensify muscle

from water soluble protein.

III. Scope
B First year @ Investigation for reaction properties between
sugars and low used proteins from spent chicken.

1. Study on reaction properties between sugars (glucose,
dextran, fructose, alginate) and myofibril from low used
chicken muscle.

1) Component of breast and leftover muscle after processing
from spent chicken.

2) Contents of lysine and fructosamine

3) Binding ratio between myofibrillar protein and sugar.

4) Browning of glycosylated myofibril

5) Analysis of water soluble protein from myofibril using
SDS—PAGE

2. Biochemical properties of myofibrillar protein glycosylated by
addition of sugars.

1) Denaturation of  glycosylated myofibrillar  protein
measurement of Ca or Mg—ATPase activity.

2) Water solubility of myofibrillar protein glycosylated by



addition of sugars.
3) Turbidity of myofibril conjugated with sugars.
4) Emulsion properties of myofibril conjugated with sugars.
5) Thermal stability of myofibril conjugated with sugars.
B Second year : Isolated technique of conjugation obtained by
glycosylation of muscle protein and sugars.
1. Study on reaction properties between sugars and chicken
muscle protein.
1) Binding ratio between muscle protein and sugars.
2) Browning of muscle protein conjugated with sugars.
3) Analysis of muscle protein conjugated with sugars using
SDS—PAGE.
2. Biochemical properties of muscle protein glycosylated with
sugars.
1) Changes in muscle protein measured by Ca or Mg—ATPase
activity.
2) Water solubility of muscle protein glycosylated by addition
of sugars.
3) Turbidity of muscle protein conjugated with sugars.
4) Emulsion properties of muscle protein conjugated with
sugars.

5) Thermal stability of muscle protein conjugated with sugars.

B Third year : Investigations on manufacturing aptitude for
intensification muscle food from water soluble protein obtained
from muscle by biochemical change.

1. Manufacturing aptitude on reinforcing agent of muscle.
1) Manufacturing of capsule.
2) Manufacturing of powder.

2. Manufacturing aptitude on food intensified protein.

1) Manufacturing of model jelly.



2) Manufacturing of elderly and baby foods.
3) Manufacturing of gelling food.
3. Safety on protein materials.
1) Total colony count.
2) Bacillus etc.
3) Shelf—life of protein material.

IV. Results and Recommendation

Myofibrillar protein(Mf) prepared from breast meat of spent chicken
and leftover meat after processing from chicken were glycosylated
with various sugars(glucose, fructose and alginate) during the
Maillard reaction, and their biochemical properties were investigated.
The mixing ratio of Mf and sugars were 1:3, 1:9, and the lyophilized
Mf and sugar mixtures were incubated at 50°C and different relative
humidity (32~ 67%) for reaction times(0~24hr).

Breast meat of spent chicken and leftover meat after processing
from chicken were glycosylated with various sugars(glucose and
dextran) and concentration of sugars(at weight ratio of 1:3, 1:9 and
1:18) during the Maillard reaction. The lyophilized muscle(M) and
sugars mixtures were incubated at 50C and different relative

humidity (32 and 67%) for reaction times(0~24hr).

1. Reaction between myofibrillar protein and sugars
1) Solubility

Solubility of the glycosylated Mf in 0.1M NaCl solution increased
during reaction times and decreased after 18hr. When the mixing
ratio of Mf and glucose were 1:9, solubility increased markedly at

32% relative humidity. Mf—fructose mixture and Mf—alginate mixture



were lower than Mf—glucose mixture.
2) Available lysine residues, amount of sugars bound to Mf and
browning intensity

The available lysine residues content in Mf—sugars mixture
decreased during reaction time at 32% relative humidity. Amount of
sugars bound to Mf were increased at same conditions. The results
indicate that a decreasing of available lysine residues and increasing
of amount of sugars bound to Mf were observed simultaneously by
glycosylation through the Maillard reaction. When Mf were
glycosylated with glucose, browning intensity increased with reaction
time but Mf—fructose mixture was unchanged.
3) Ca, Mg—ATPase activity

Ca—ATPase activity of Mf—sugars decreased during reaction time,
and accelerated the loss of Ca—ATPase activity in Mf—fructose
mixture than Mf—glucose mixture. When mixing ratio of Mf and
glucose were 1:9, the loss of Ca—ATPase activity slowly decreased.
These results indicated that the protein denaturation occurring with
glycosylation was effectively depressed by glucose. Ca—ATPase
activity inactivated markedly at 67% relative humidity. Mg—ATPase
activity was similar results to Ca—ATPase activity.
4) Emulsion forming ability and stability

Emulsion forming ability of Mf—sugars increased during reaction
time. When mixing ratio of Mf and glucose were 1:9 at 32% relative
humidity, showed excellent emulsion forming ability than Mf—fructose
mixture. Emulsion stability under same conditions occurred markedly

glycosylation showed the highest value.



5) Thermal stability

Solubility of Mf—glucose mixtures reacted at 32% relative humidity
by heating from 50C to 80C unchanged. In the case of Mf—fructose
mixture, solubility decreased rapidly.

6) SDS—PAGE patterns of Mf—sugars conjugation.

In the SDS—PAGE patterns, components of lyophilized Mf were
observed myosin heavy chain(MHC) and actin(A) and solubilized Mf
in 0.1M NaCl solution were not detected. Conjugation components of
Mf—glucose(ratio of 1 : 9) reacted at 32% relative humidity were
observed polymer of MHC—glucose and A—glucose by SDS—PAGE.

components of soluble protein in 0.1M NaCl solution of glycosylated

Mf increased amount of MHC—glucose and A—glucose polymer.

2. Reaction between muscle(M) and sugars

1) Solubility

Solubility of glycosylated M in 0.1M NaCl solution increased with
passage of the reaction time and maximum solubility obtained at 32%
relative humidity and ratio of M and sugars(as glucose and dextran)
of 1 : 18.

2) Available lysine residues, amount of sugars bound to M and
browning intensity.

The available lysine residues content in M-—sugars mixture
decreased with passage of the reaction time at 32% relative humidity.
Amount of sugars bound to M were increased under same conditions.
Browning intensity of M—glucose mixture was higher than M—dextran

mixture with passage of the reaction time.



3) Ca, Mg—ATPase activity

Ca—ATPase activity of Mf—sugars conjugations decreased with
passage of the reaction time. When mixing ratio of M and sugars
were 1 : 18, Ca—ATPase activity slowly decreased at 32% relative
humidity. Ca—ATPase activity was Inactivated markedly at 67%
relative humidity. Mg—ATPase activity of conjugation was similar as
result of Ca—ATPase activity.

4) Emulsion forming ability and stability

Emulsion forming ability increased with passage of the reaction
time at 32% relative humidity. When the mixing ratio of M and
sugars were 1 : 18, showed excellent emulsion forming ability.
Emulsion of conjugation formed at conditions was occurred markedly
glycosylation was stable after heating treatment at 807C.

5) Thermal stability

Solubility of M-—sugars mixtures decreased slightly to compare
with lyophilized M during heating treatment(50~807T).

6) SDS—PAGE patterns of M—sugars conjugation.

Components of lyophilized M were observed myosin heavy
chain(MHC) and actin(A) and solubilized M in 0.1M NaCl solution
were not detected. Conjugation components of M—sugars(ratio of 1 :
18) reacted at 32% relative humidity were observed polymer of
MHC—glucose and A—glucose by SDS—PAGE.

Components of soluble protein in 0.1M NaCl solution of
glycosylated M were increased also amount of MHC-—glucose and
A—glucose polymer.

7) Optimum recovery conditions of soluble protein

To the based above results, the optimum recovery conditions of



soluble protein showed as followers; 1)mixing ratio of M and sugars
were 1:18, 2)pH level was 7.0, 3)relative humidity was 32%,

4)temperature were 50 and 607C.
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21g o) AF23 =4 7155 (Breast meat of spent chicken, BM) 3} 7}
9 Zko]S-(Leftover meat after processing from chicken, LM)2 ol i
AN A2 E(F)A A AFdol ALEE o 52 AE, AW

A g WE AT A BE ANF e

2. A 7bEH B ke § ol fo it 24

S|
=A ZbEES Ve § oS At AES 24t e

%
3] 8l 3} Semi—micro kjeldahl® &2 A =F&}3i o).

)

3. 2 FENAY 25
wA HEEe AT 72 ARG F, AR FA 109

0.1M NaCl, 20mM phosphate buffer(pH7.0)E 7}3}32 homoginizer
(Ultra turrax T20, IKA, Germany)& ©]&€3te] 20,000 rpmO= 1%
st w3 5 303 AAEAT. o]¢f T x2S 33| WS
St A3 H ARE A=XE ofFslo] & e} connective tissue
g AAT F, 15,000 x gl A 1027 4l Bt AHES I
o AAdEed 7] buffers 7hske] FEAIZL 5 A4 E2](15,000 x

QF st AL At 248 35 wEde] 2gAfRNAR 5
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ool AR FHE HEete] glycosylationo] Aoy AE HE
b7l #8255 skrlek #ol Agstidt. F, =4 VtESsS 9%
g A7I2 A F, Als FA 108 %] 0.1M NaCl, 20mM
phosphate buffer(pH 7.0)E 7}3F & homoginizer(Ultra turrax T20,
IKA, Germany)Z ©] €3t 20,000 rpml 2 2% 5<¢F ice bath AFEj
oA #&st sttt A} @ ARY dWAFEE S5t HT

FE7F 6mg/ml7F HE= 279 bufferE 7Fste] 243U}
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5. ¥k A 2] Glycosylation

ZAAFeb A o] glycosylationo] = D—glucose(Yakuri pure chem. co.
LTD., Japan), fructose(Fluka—garantie, Switzerland) % alginic
acid(Sigma, USA)E Alg3tG o, &5 dAE A= D—glucose(Yakuri

pure chem. co. LTD., Japan), dextran(Wako pure chem. Ind. LTD.,

alginic acid+= <94
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0.1M NaCl, 20mM phosphate buffer(pH 7.0)¢ll &3] A7]1aL, o] 7]ol] XHF
X 7.5%7F ¥]%=F Trichloroacetic acid(TCA)E H7}slo] 1583F X
g 5 15,000 < gollA 203t AAE2] etk Jd &l 2% SDSE %

20mM phosphate buffer(pH 9.5)E& F7}8lo] A=A &-3)s}3it}.
£3]¥ AlHo] o—phthalaldehyde®} N-—acetyl—l—cysteine *7}3}¢]
335nmo| A spectrophotometric 2] 23] Lysine THFS A3
T} (Hernandez and Alvarez—Coque, 1992). o]&= ©¥ &S glycosylation
st # 5 48X olule] SA BT



Gy 7o) ATE(2mg/ml ¢ 9 A FEE V|Fo R Fo])d
ammonium sulfateZ A 7}skaz, 0.1M NaCl, 20mM phosphate buffer(pH
7.0)5 7k & 2CoA &3ttt &g AlsE AT oo HA

= 9= &S 33] o4 wHESte] whEShA] S GRS Alsk T

=
=
Gl g A3gtet o] 92 phenol—sulfuric acid

it

(Dubois, M., 1956)¢]

9. Browning =74
il A3 FFo] AdtEo] tisdte] 10% sodium dedocyl sulfate(SDS)
7} E3+E ) 0.1M NaCl, 20mM sodium phosphate buffer(pH 7.0)S #H7}

ato] Img/mlz 243 5 420nmellA ZA s}

11. Total Ca ¥ Mg—ATPase activity =4

et Fe] Aol Yste]  dolx &3 dulHe  Ca
Mg—ATPase activity® SAH3AH. A5E 0.1
phosphate buffer(pH 7.0)2 ZH7}ste] dEst & e oS FAEH
FRIske] FA (9 ¢ FRF) YA dE At e, do] AAE
Alge] @i FEE Img/mLE StE T AP ARESIITE 0.1M
KCl, 5mM CaCly(®=+= MgCly), ImM ATP % 25mM Tris—maleate(pH
7.0)¢] WEEENA A5E Ttste] 10w7F WwRSAIZTE BEE $ 15%
HCIOE FH7bete] wbes AAAZ U, whgo] AAE Also] o4
Al¢F(Elon solution)& #7}sle] 20+ &<t ¥H&-3 5 640nmell A 543t

A TH.



A3} o] Azt o3t Ao 83} o]l F% Img/ml7t
H%EE 0.1M NaCl, 20mM phosphate buffer(pH 7.0)2 Z#3 Z
Faict.

_IN'

=74

ol

330nmolA] Bt =

13. Emulsion forming ability ¥ Emulsion stability
Emulsion @452 Pearce and Kinsella (1978)2] WHd oJs)] =73}
At AlEE 0.1M NaCl, 20mM phosphate buffer(pH 7.0)°l 833}
Img/ml= 243 & 2.1ml 3} corn oil 0.7mlS FH7FsFSlth. o] g
9= oil in waterd Bl E ice—bath JEfelA HomogenizerE ©]-&3}¢]
13,500 rpmoll A 1 &<t &3 star, APl EeE a5FolA A
2 0.15ml& #3&ke] 0.1% SDS 2.85ml& 7}sle] 25Tl A wh&-atar 1
B A3 & 500nmol A emulsion forming abilityE =743t}
Emulsion stabilitys, emulsion A2 A 8EE 2Co| BAshHA 58 7
Ao HEE SAseH, of uf, ko FFE7F 50%°]8tE A
w7k 2] SA3E T 3 emulsion FEIY] AJREE 80ToA 1A7HE

7t 3ste] Aol 2%k emulsion stabilityS =4 sle] B als}Si T},
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14. dA el g +83} dulde] &3

Al2e] 0.1M NaCl, 20mM phosphate buffer(pH 7.0)S H7}ste]
A sEE 2.0 mgmLE A, o] HA A7 ZH7to] A 0
0Ce WelelA 2413t &<t water batholl Al EA 2] $ ice bathol A
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15. SDS—PAGE°] 9|3 @ujd xAe] wst 54

Algo 8M urea, 2% mercaptoethanol, 2% SDS, 20mM
Tris—HCI(pH 8.0)2] &g H713k 5, 100ColA 283 7FE sl
SDS—polyacrylamide gel electrophoresis (SDS—PAGE)+ Laemmli
Holl 23] 10% polyacrylamide gels ©]&3}o] AA|stg o 2L

Coomassie Brilliant Blue R—250% o] 83} % o).

8
Z43% 0.1M NaCl, 20mM phosphate bufferol] Z}Z} &Ersle] L ==
SASA T Hhg o gk whild FAE #A3I PEE, AEE 30
T, 50C 2 60C2 ztzte] &%o|A] 32%9 67%= ZAE gea&Hz

2 o] &3] 0~24A7H59k wt
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A2dd5% 4 13

1. =AMES € Jo&e] gt

Aol ARES A 7FESY Y] b Aol Se] ARk AR
Table 13 vk =4 7F559 v 1 75.7%, =99
ZA 1.1% 2 %32 0.9% 9o, o5 A9 S8 57.5%, =0
W 15.6%, 3] 9.5% Atk W tho]5o] 4w e}
EFo] EA8t Q7] wiol HuHer FEY dige Hon 3|E

2R Aol = YERE Ao AR EAT

Table 1. Approximate composition of breast and leftover meat

after processing from chicken.

Breast meat(%) Leftover meat(%)
Moisture 75.7£1.85 57.5£1.76
Ash 0.9£0.01 9.5%+0.80
Protein 22.1£0.45 15.6£0.45
Fat 1.1£0.26 15.6£1.57
Total 99.9 98.2

Fig. 19+ 7F&59 <9437 @A glucoseE Z+H2F 1 @ 3(w/w)



2 1 97F HEE H7tste] AUEE 320 2 &% 50Co|A weA7]
ANE AA AT LG9 glucoseS WHEA|7|A WA 7Ee] A 3
o} L e= Stk o ks
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o g2 JepY. 1 & 18A17te] Axshd
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AS el =3, 298G S A 3 glucose?] #IEHIZE 1009
o) 47k ek B hehi
100 | ® lyophilized Mf
O Mfiglu=1:3
80 I | Mfiglu=1:9
g 60 |
=
E 40
o
(0]
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0 L
0 6 12 18 24
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Fig. 1. Changes in solubility of myofibrillar protein prepared
from breast meat(BM) of spent chicken during reaction with
glucose. Solubility was measured in 0.1M NaCl solution and

reaction temperature and humidity were 50C and 32% respectively.
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ZHa)Eo] 1 @ 39 w 2t =2 S EE YERNN oY, glucose}o]
_]

Zhell o @k el o] Fejm(oF 30%)e sk v S

4y o

100 r ® lyophilized Mf
v Mf:fru=1:3
80 I v Mf:fru=1:9
2 60}
2
S 40
)
[7p]
20
0 .
0 6 12 18 24

Reaction time (hr)

Fig. 2. Changes in solubility of myofibrillar protein prepared
from BM of spent chicken during reaction with fructose.

Conditions were the same as in Fig. 1.

Fig. 39+ alginateE <94/ S diste] 7}z 1~3u9] Hl&
= F7hske] glycosilationdl ©)dF ZAAlH T A ] S EE YERYL
. Fig. 13 22 dste|A vbgAZl Ay AAHS=Z fructoses}t
ARE Aee vEhdile, Hol falms LU @ E It alginate
TAHI7F 1 0 399l A REE 6A1ZF E9F BESElSlS o YrERRkT

ool ARERY A JHEFY SdAdw duAEdy AF IR
Maillard reaction®l] &3+ @92 9] glycosylatione &
/o] w9 Aolgs It =, glucose™ ©HA ] Maillard
reaction®] 9]¢k glycosylation®] ZF3tAl dofutar g0 F5EHSom,

=
fructose 2 alginate® 7%+ glycosylation©] ZF dojr}x] o}l o]z sk
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Fig. 3. Changes in solubility of myofibrillar protein prepared
from BM of spent chicken during reaction with alginate.

Conditions were same as in Fig. 1.

& Fig. 1~39] A2 FE &= A ¢S iIEste] He
%ﬂﬂ Gl eol mA= FEFS F vl GAs] FAFe7] 91eke] Table 2
of 7 Ads AAsAY. S dEE sddE st 0.1M
NaCl(pH 7.0) solutiono| A9 =5 thzx
T4 Hd &=+ oF 25.3%F WHERNAY. 18y glucoses FH7Fshod
Hhe ek 2 T A o] 2] gk gl oF 70%A o,
fructose”} F 23.3%, alginatei= 29.2%° E3}3}3it}. ol & 7t A¥E
A2 B uEPA glucose™= tlFET9} Hlwsle] <F 2,800, fructose:= oF 1.3

ol
v, alginatet= °F 1.29] &3=7} A YElGT. 5 olet T2 A=

l



A RS 29 S @Ay Rl ko] whE glycosilationd &
Yol Aoz Yeiwgon,
WAy FF H7bo WE glycosilationo] &= glucose’} 7F4 834 &

)
€ F e AL AR

fructose 9} alginate™= I A FTFS w2 A

Table 2. Maximum solubility of myofibrillar protein of BM in
0.1M NaCl by glycosilation.

Conditions
Mixing ratio of Mf Maximum solubility(%)
sSugars
and sugars
Lyophilized Mf 25.3
Glucose 1:9 70.1
Fructose 1:9 32.4
Alginate 1:3 29.2

* Myofibrillar protein reacted with sugars at 50C and 32% relative
humidity.
* The maximum solubilities were calculated from Fig. 1~4.

) 1A &t glycosylationol] 2] 3t
L fr S A o]2AE A L EE HESIS
o v 29T A FF9 glycosylationol] tiEk A=
J kS dolr A}l glucose?t fructose] AF-= FHESFT alginates
glycosylationd] 3t & &7} gllern=z B AFo = #9389t}

Fig. 40l 945 w@rado)] glucose ¥ fructoseE 1 @ 9¢] H| &=
A7tste] FAAZS T AUFEE 32~67%2] W2 50CeA] wH-&A|
< W glycosylationol] &3 9AdF dMde] &=E YEFUA

xR 294 gude uEon EAA% & AL A o] L3E

%2
nt



(0.1M NaCDolA ¢F 25%9 gsl== Yeld=d B8t glucose=
A7reke] RESAIZL AL FUGEE 32%A4 7HE =2 oF 70%9] &=
= Uetdidd. 2§ BUEErF sobEsE &l A8 Adkekal
ou, FEFETF 67% ool WA 5438 &t AstEe A4
Bl &3 fructoses H7FgE A%l A= A=t #AS]
izt #e FFe &EE YERNO]  fructose 7ol ¢
glycosylation 719 dojub#] eF= Ao AHE Ut

9 rU

=

100
7 lyophilized Mf
vzzA Mf-glu
80 3 Mf-fru
S 0 %7
E
=]
09) 40
l H H H H
0
32 43 52

Relative humidity(%)
Fig. 4. Effect of relative humidity on solubility of myofibrillar
protein from BM in 0.1M NaCl solution by Maillard reaction.

Mixing ratio of myofibrillar protein and sugars was 1 : 9 and

reacted at 50C for 18 hours.
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Fig 5. Available lysine content in myofibrillar protein from BM
was reacted with glucose or fructose. Myofibrillar proteins

reacted with sugars at 50C and 32% relative humidity.
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Fig 6. Available lysine content in myofibrillar protein from
leftover meat(LM) of spent chicken was reacted with glucose or
fructose. Myofibrillar proteins reacted with sugars at 50C and

32% relative humidity.



o A71eM = dEder Thage Sddqel M adl 94|
glucoseE F7lsle] AulFEe Wl mE lysine $H&9 W3lE HE
3t} Fig. 79+ <9 @A glucoseE 1 : 99 H|E& =2 #7135
o] FAAZXE F AUYEFES 32~67% W2 50CoAA vH-EA S o
O @i Fo JE lysine FFS UER
ATt o] A¥e] ot FdiEF
3 lysine g&Fo] Alom w2 UGl lysined glucose?] ZA
go] B AEsiA o] Foys & 4 AT oo T2 Ade R
(Fig. el AoAA %= ojwel] w5 #2 &3 =S e glycosylation
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Fig. 7. Effect of relative humidity on available lysine content of
myofibrillar protein from BM in 0.1M NaCl solution by Maillard
reaction. Mixing ratio of myofibrillar protein and sugars was 1 : 9

and reacted at 50C for 18 hours.
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glycosylationol] 2]+ *
FAREAE dotrr] g WHorA TAddF
= 3 S SAToEA AT F vy weps auEy go) A
F=ol ammonium sulfateE F7}ete] JAAIZD thg AAE] 0.1M
NaCl solution (pH 7.0)& F7Fste] s=atdl s=Aste] v Agtd 7=
3| A|AS ¥ phenol—sulfuric acid o2 Z23d T IHFS 54
?3‘}95\3}. o|¢} o] stof A AF}E Fig. 8~110l A3 th
Fig. 8 & 99 AAIg 7F5S 9 o5 S+ dldel Agst
Fo] s AYHEY, A4 WA glucosed EFHIE 1 9=
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= WA 28y fructosed] B9 22 X
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400 ® lyophilized Mf
O  Mfglu=1:3
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200
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Sugars bound to Mf of BM (1.g/mg)

0 6 12 8 24
Reaction time (hr)
Fig. 8. Amount of sugars bound to myofibrillar protein of BM
by Maillard reaction.
Myofibrillar proteins reacted with sugars at 50C and 32%

relative humidity.



A 7S 2 5o YR I A glucose EE fructose
1

D 9R Fo] AEE 67%, &% 50T W AZS o

400 r ® lyophilized Mf

o Mfiglu=1:3

m  Mfiglu=1:9

A Mf:fru=1:3
300 - A Mfifru=1:9
200

Sugars bound to Mf of LM (ug/mg)

0 6 12 18 24
Reaction time (hr)
Fig. 9. Amount of sugars bound to myofibrillar protein of LM

by Maillard reaction. Myofibrillar proteins reacted with sugars at

50C and 32% relative humidity.
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Fig. 10. Amount of sugars bound to myofibrillar protein of BM
by Maillard reaction. Myofibrillar proteins reacted with sugars at

50C and 67% relative humidity.
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Fig. 11. Amount of sugars bound to myofibrillar protein of LM

by Maillard reaction.

Myofibrillar proteins reacted with sugars at 50C and 67%

relative humidity.
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Fig. 12. Relationship between available lysine content and
amount of glucose bound to myofibrillar protein of BM by
Maillard reaction.

Mixing ratio of myofibrillar protein and glucose was 1:9 and

reacted at 50C and 32% relative humidity for 24hr.
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Arawde gFE E3eto]
°]gt browning intensityE HESI T (Fig. 13, 14, 15 2 16).

Fig. 13 % 149 7} AR @ E T glucose HE
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FructoseE 1 : 3 B+ 1: 99 H&=E &35t 50CoA AHEE 32%
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Fig. 13. Change in browning intensity of myofibrillar protein
(Mf) from BM during reaction with sugars. Glycosylated

Mf—Sugar mixtures were reacted at 50C and 32% relative humidity.
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Fig. 14. Change in browning intensity of Mf from BM during
reaction with sugars.
Glycosylated Mf—sugar mixtures were reacted at 50C and 67%

relative humidity.
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Fig. 15. Change in browning intensity of Mf from LM during
reaction with sugars.

Glycosylated Mf—sugar mixtures were reacted at 50C and 32%

relative humidity.
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Fig. 16. Change in browning intensity of Mf from LM during
reaction with sugars. Glycosylated Mf—sugar mixtures were

reacted at 50C and 67% relative humidity.
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Fig. 19. Change in Mg—ATPase activity of Mf from BM during
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sugars. Glycosylated Mf—sugar mixtures were

reacted at 50C and 32% relative humidity.

0.14

Mg-ATPase activity (abs 640nm)

lyophilized Mf
Mf:glu=1:3
Mf:glu=1:9
Mf: fru=1:3
Mf:fru=1:9

o
m}
u
AN
A

0 6 12 18 24

Reaction time(hr)
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reacted at 50C and 67% relative humidity.
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Fig. 21 Change in emulsifying turbidity of Mf from BM during
reaction with sugars. Glycosylated Mf—sugar mixtures were

reacted at 50C and 32% relative humidity.
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Fig. 26. Change in solubility of Mf from BM conjugated with
sugars by heating.
Conjugation of Mf—sugars heated at various temperatures.

Mf glycosylated with sugars at 32% relative humidity.
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Fig. 27. Solubility of Mf—glucose(1:9) from BM conjugation by

heating treatment at various temperatures.
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Conditions were the same as in Fig. 32.
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Fig. 35. Solubility of BM in low ionic strength conjugated with
dextran at 50°C and 32% relative humidity.
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Fig. 39. Effect of relative humidity on maximum solubility of
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Fig. 40°l+= Fig. 399 & =113} W dextran®] Z4-9-& ZAbsto] 1
A3S YERRAT. o] Aitel] M= Aot veas FH
E7F wokon st glycosylationoﬂ B2 ¥ Fojsisith

olAtel AytE AHyshH <5l glucose X dextrany e @S =

oty AdSE, 2%, EHES 2485t ¥H-gA| 719 glycosylation®ll



+a) 7}

5.
H

ujoll gloj M 1= ul

gl o<}

1

—

7HAIE2 50C F-Eoll A 2

o}

e Ave

o=

o))
=

s
=

o] 4§37}

1 lyophilized BM
7773 BM:dex

=13
1:9
1:18

[ BM:dex
Hm BM:dex

100

1 1 1
o o o
© © <

(%) Aungnjos wnwixepy

20

67

32
Relative humidity (%)

Fig. 40. Effect of relative humidity on maximum solubility of

BM during reaction with dextran.

BM was reacted with dextran at 50C for 24hr.



2) 457 gRoY A8 54
glycosylation®l] <]t & iz y) o
|

HEAE dotrnr] flsto] &4

0.1M NaCl solution (pH 7.0)S H7}ste] F==kd A 35}H]
v Asty GHE 535 AA3 & phenol—sulfuric acidi oz Astd

o] dFE SABAT. oo} Ho] sto] A AH}E Fig. 41~489

400

lyophilized BM
BM:glu=1:3
BM:glu=1:9
BM:glu=1:18

BE80e

300

200

100 -

Glucose bound to BM (ug/mg)

0 6 12 18 24
Reaction time (hr)

Fig. 41. Amount of glucose bound to BM by Maillard reaction.
BM reacted with glucose at 50C and 32% relative humidity.
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Fig. 42. Amount of glucose bound to BM by Maillard reaction.
BM reacted with glucose at 50C and 67% relative humidity.
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Fig. 43. Amount of dextran bound to BM by Maillard reaction.
BM reacted with dextran at 50C and 32% relative humidity.
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Fig. 44. Amount of dextran bound to BM by Maillard reaction.
BM reacted with dextran at 50C and 67% relative humidity.



400
— ® lyophilized LM
<4 & LMiglu=1:3
S 300 &  LM:gglu=1:9
S ® LM:glu=1:18
=
-
o
o 200
c
=}
[o]
o]
@
Q 100 b
(8]
3
o

0L . . . . .

0 6 12 18 24

Reaction time (hr)

Fig. 45. Amount of glucose bound to LM by Maillard reaction.
LM reacted with glucose at 50C and 32% relative humidity.
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Fig. 46, Amount of glucose bound to LM by Maillard reaction.
LM reacted with glucose at 50C and 67% relative humidity.
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Fig. 47. Amount of dextran bound to LM by Maillard reaction.
LM reacted with dextran at 50C and 32% relative humidity.
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Fig. 48. Amount of dextran bound to LM Maillard reaction.
LM reacted with dextran at 50C and 67% relative humidity.
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Fig. 49. Change in browning intensity of BM during reaction

with glucose. Glycosylated BM—glucose mixtures were reacted at

50C and 32% relative humidity
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Fig. 50. Change in browning intensity of BM during reaction
with glucose. Glycosylated BM—glucose mixtures were reacted at

50C and 67% relative humidity
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Fig. 51. Change in browning intensity of BM of during reaction
with dextran. Glycosylated BM—dextran mixtures were reacted at
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Fig. 52. Change in browning intensity of BM during reaction
with dextran. Glycosylated BM—dextran mixtures were reacted at

50C and 67% relative humidity
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Fig. 54. Change in browning intensity of LM during reaction
with glucose. Glycosylated LM—glucose mixtures were reacted at

50C and 67% relative humidity
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Fig. 55. Change in browning intensity of LM during reaction
with dextran. Glycosylated LM—dextran mixtures were reacted at

50C and 32% relative humidity.
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Fig. 56. Change in browning intensity of LM during reaction
with dextran. Glycosylated LM—dextran mixtures were reacted at

50C and 67% relative humidity.
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Fig. 59. Change in Ca—ATPase activity of BM during reaction
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50C and 32% relative humidity.

0.20
€ ° ® Iyophilized BM
S v BM:dex=1:3
3 0181 v BM:dex=1:9
8 v BM:dex=1:18
L
>
g 016
©
©
[0]
7]
& 014}
|_
<
©
o
0.12

0 6 12 18 24

Reaction reaction (hr)
Fig. 60. Change in Ca—ATPase activity of BM during reaction
with dextran.

Glycosylated BM—dextran mixtures were reacted at 50C and

67% relative humidity.
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Fig. 61. Change in Mg—ATPase activity of LM during reaction

with glucose.

Glycosylated LM—glucose mixtures were reacted at 50C and

32% relative humidity.
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Fig. 63. Change in Mg—ATPase activity of LM during reaction
with dextran.
Glycosylated LM—dextran mixtures were reacted at 50C and 32%

relative humidity.

0.20
€ ® lyophilized LM
S o0.18 v LM:dex=1:3
S v LM:dex=1:9
g A4 LM:dex=1:18
L o016}

>

=

8

o 0.14

(%]

©

o

g

5 012 F

b=

(; é 1‘2 1‘8 2:1
Reaction reaction(hr)
Fig. 64. Change in Mg—ATPase activity of LM during reaction
with dextran.

Glycosylated LM—dextran mixtures were reacted at 50C and

67% relative humidity.
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Fig. 65. Change in emulsifying turbidity of BM during reaction
with glucose.

Glycosylated BM—glucose mixtures were reacted at 50C and 32%

relative humidity.
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Fig. 66. Change in emulsifying turbidity of BM during reaction
with glucose.

Glycosylated BM—glucose mixtures were reacted at 50C

and 67% relative humidity.
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Fig. 67. Change in emulsifying turbidity of BM during reaction
with dextran.

Glycosylated BM—dextran mixtures were reacted at 50C and 32%

relative humidity.
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Fig. 68. Change in emulsifying turbidity of BM during reaction
with dextran.

Glycosylated BM—dextran mixtures were reacted at 50C and 67%

relative humidity.
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Fig. 69. Change in emulsifying stabilities of BM during reaction
with glucose by heating at 80C.

Glycosylated BM—glucose mixtures were reacted at 50C and

32% relative humidity. Mixing ratio of BM and glucose were 1 : 18.
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Fig. 70. Change in emulsifying turbidity of LM during reaction

with glucose.

Glycosylated LM—glucose mixtures were reacted at 50C and 32%

relative humidity.
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Fig. 71. Change in emulsifying turbidity of LM during reaction
with glucose.

Glycosylated LM—glucose mixtures were reacted at 50C and 67%

relative humidity.

g ® Iyophilized LM
o v LM:dex=1:3
B o6l v LMdex=1:9
2 v LM:dex=1:18
s
c
K<)
[72]
S 0.4
€
[}
-
5]
2
k=]
é 0.2 +
=}
e
. . . . .

Reaction time (hr)
Fig. 72. Change in emulsifying turbidity of LM during reaction
with dextran.

Glycosylated LM—dextran mixtures were reacted at 50C and 32%

relative humidity.
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Fig. 73. Change in emulsifying turbidity of LM during reaction
with dextran.
Glycosylated LM —dextran mixtures were reacted at 50C and 67%

relative humidity.
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Fig. 74. Change in emulsifying stabilities of LM during reaction
with glucose by heating at 80C.
Glycosylated LM—glucose mixtures were reacted at 50C and

32% relative humidity. Mixing ratio of LM and glucose were 1:18.
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Fig. 75. Change in solubility of BM conjugated with glucose by
heating.
Conjugation of BM—glucose heated at various temperatures. BM

glycosylated with glucose at 50C and 32% relative humidity.
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Fig. 76. Change in solubility of BM conjugated with glucose by
heating.
Conjugation of BM—glucose heated at various temperatures. BM

glycosylated with glucose at 50C and 67% relative humidity.
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Fig. 77. Change in solubility of BM conjugated with dextran by
heating.
Conjugation of BM—dextran heated at various temperatures. BM

glycosylated with dextran at 50C and 32% relative humidity.
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Fig. 78. Change in solubility of BM conjugated with dextran by
heating.
Conjugation of BM—dextran heated at various temperatures. BM

glycosylated with dextran at 50C and 67% relative humidity.
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Conjugation of LM-—glucose heated at various temperatures. LM

glycosylated with glucose at 50C and 32% relative humidity.
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Conjugation of LM-—glucose heated at various temperatures. LM

glycosylated with glucose at 50C and 67% relative humidity.



140 [

® lyophilized LM
120 F Before heat treatment v LM:dex=1:3

v LM:dex=1:9
100 | © ¥ LM:dex=1:18
80

Solubility (%)

60 A
40 | v
2\

4
20 N

50 60 70 80

Heating temperature(°C)
Fig. 81. Change in solubility of LM conjugated with dextran by
heating.
Conjugation of LM—dextran heated at various temperatures. LM

glycosylated with dextran at 50C and 32% relative humidity.
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Fig. 82. Change in solubility of LM conjugated with dextran by
heating.
Conjugation of LM—dextran heated at various temperatures. LM

glycosylated with dextran at 50C and 67% relative humidity.
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Fig. 83. SDS—PAGE patterns of BM conjugated with glucose.

Mixing ratio of BM and glucose were 1 : 18 and reacted at 50C
and 32% relative humidity.

10% polyacrylaminde gel. S: standard marker

- 101 -



_-ﬁ'ﬂq e . A

1ekDa — [ 110KDa —»

9rKDa = a - " — — “ ATHDAS = — B & Y
BEDD = 1 l BUDA —
GER D - : GOKDE = oudh
S C 6 12 18 24 s C 6 12 18 24
Reaction time(hr) Reaction time(hr)
Total protein Soluble protein

Fig. 84. SDS—PAGE patterns of BM conjugated with glucose.

Mixing ratio of BM and glucose were 1:18 and reacted at 50C
and 32% relative humidity.

5% polyacrylaminde gel. S: standard marker

N
)
[>
o to
=2
o,
o
o
o
w
D
il
L3
)
—_
o

- 102 -



= gt
= =

32%%k Mol 22 BEFS dEp ey FiiEE 67%] A5-7h

29 /HEEE vehgith

—_
file)

=7t wkem o)A o]

Fig. 89~92(%o]59

dextran®]

Els

A A]

889

glucose % dextran)2]

Gl 3 ool glycosylation®] ol welA Tl o]

A

glycosylation®o] 2 dojwt

. =

9 glucose ¥ dextran® 1

=13
=1:9
1:18

® lyophilized BM
BM:glu

m}

BM:glu
BM:glu

=
=

0.5 -

< « N
S S S

(wuoge sqe) Aupiqun

0.1 |

24

18

12

Reaction time (hr)

reaction with

of BM during

Change in turbidity

8%.

Fig.

glucose. Glycosylated BM—glucose mixtures were reacted at 50C and

32% relative humidity.

- 103 —



0.5

lyophilized BM
BM:glu=1:3
BM:glu=1:9
BM:glu=1:18

0.4

03

0.2 -

Turbidity (abs 330nm)

0.1

Reaction time (hr)
Fig. 86. Change 1in turbidity of BM during reaction with
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Fig. 87. Change in turbidity of BM during reaction with
dextran. Glycosylated BM—dextran mixtures were reacted at 50T

and 32% relative humidity.
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Fig. 89. Change in turbidity of LM during reaction with glucose.

Glycosylated LM—glucose mixtures were reacted at 50C and 32%

relative humidity.

— 105 —



0.5 ® Iyophilized LM
. B LM:gglu=1:3
€ g LM:glu=1:9
§ 04r g LMglu=1:18
™
[sp}
®
o 03+
Q
<
>
5 0.2 +
£
=}

l_
0.1+t
[ J
0 6 12 18 24

Reaction time (hr)
Fig. 90. Change in turbidity of LM during reaction with
glucose. Glycosylated LM—glucose mixtures were reacted at 50C
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Fig. 91. Change in turbidity of LM during reaction with
dextran. Glycosylated LM—dextran mixtures were reacted at 50C

and 32% relative humidity.
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Fig. 92. Change in turbidity of LM during reaction with
dextran. Glycosylated LM—dextran mixtures were reacted at 50C

and 67% relative humidity.
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Table 3. The optimum recovery conditions of soluble component

by glycosylation of muscle and sugars.

Optimum conditions

Recovery
Sugars Mixing ratio of  Relative rate(w/w)
. . Temperature
pH protein and humidity (C)

sugars(w/w) (%) BM LM

glucose 7.0 1:18 32 50, 60 58.6 55.6
dextran 7.0 1:18 32 50, 60 49.7 48.1
fructose 7.0 1:18 32 50, 60 30.8 29.1
alginate 7.0 1:18 32 50, 60 28.3 27.2
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Table 4. Manufacturing process of soluble protein from Myofibril

and Muscle protein.

I 6AZ 22 = 7bEEH b s Aos + g
(0.1M NaCl solution (pH 7.0)
cudfRId P2 |
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CRARand + g
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FA0%
(72hr) l
! EREE
— (1%:4))
0
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! a3t B Bl
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