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Development of Edible Films from Food Industry

By-products and Its Industrialization
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Z 70 % #F e BA dFHEA YEAYE o) &£F FaHA
ERAL Adol BT A7V £43 FYHT Y. olF AF F AE
2R BdE RAo2AM 74 E#A ¥ E(edible and degradable film)&
E F AW AR Be FHY JHEHAH eSS 2¥ 7|3
ZA AFAA Tl ol &5 gon, 53] dHAF celluloseZFE 44t
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SN £F71, 714 R £A o|F & WAFE AR e AEH S o
oj gk, olelgt ZhA EEA "WEL 71EY Hl4E, HEHAY EgaY 1
ExgEo vty WEEHR A7} FA Luld 5 Qo] EFA H
Bo] HAEA o, TFA H7Eo] THE Feolx &H3 A4
AA2Y AzxHAeEZ 7|E IeAAFEG A EAHHY, EFAHE
of flavor, &, Zug Fo AHELE HI/sd WiEd #AFH
(organoleptic) §4& Fd3te o AYES Add. JAA 7HHAY UE
2 FY diztq B A7V H1 e YEALERE ST @9E
(comn zein), ¥ @A (wheat gluten), 4 72 ©H H(soy protein isolate),
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1.

gsu, $3uA, F4 @ 43 99y 5389 Az

o W, SHuAe e AZSHA B TuA 10Mww FFS

]

g ststn Fure AS Az L Fubd 20u(wwel FRTE 7L
o g2 EFF F, o]2 10 N NaOH &4o2 pH 112 Z¥3Yq
25CAA 6083F TWAA 7HEAES FEIHJYT. o FE4E 108
AAE(8000 ipm)E ¥, FFHL 10 N HCIZ FHu|x] odide] 7
¢ A% Ao FHYA pH 4302 xAdoq SAE W & F
v gelg el 3¢ pH 7002 ZEstd AHAI F, 1080 44 £d
(8000 rpm)8ted FRuH|A] @l AHEL E3}ATh ol HFFdxd
% 5 vje] n-Hexanel® 28 X & ¥ vliidty 80 meshd EEAME
EHAA vudg AzsAch 3 ¥Ed BE % B 3049
ZHFE 7MY F BUARAN Ztda2wstd {39 de XNz ¥4
3te] 0.1 N HCle.2 pHE 458 Zdsto §399ds FAANUG 44
dg AAY F A FHSFE 7M83 pH 458 e A F3Y
22 §30] A9 F2€ d7tx WNEY F 108T ¥4 £:21(8000 rpm)
s 3 9ud JFHES EYsigd. ol ¥FAxE F 5 WY
n-Hexane2 2 33 BA¢ F vwiHdo 80 meshd EFANE FTHAA
gL Az

F2adyA g ol & AN EEY Az

AF AzA RIEZ YPHE FHoeRy 328 @ 588 9

&t 74 FES AzAT old BE &Y pH, t2AY FFY



57 9E9 7IAA 54 R FEFIASAA WA= AT dido =
Atk "WES4o] pH 40 ~ pH 70U B¢ ©Hde {7t o}
UES P4 F AYe™ pH 80 ~ pH 11022 =H3}HE woie
43 ~ 57 MPa9] JZZEE Ad &L J4Y + AUt 59 7]
AY E4F FEFH 542 45899 pHol 43S worn UERY
€ pH 11022 Z3HAE o 71 &2 AFAZ=(6T MPa)s} FEAS
(044 ng'm/m2-s-Pa)& BYt 7HAAZ  glycerold}  polyethylene
glycol (PEG) 200& 713t S o A Z = A EL 7t A e &
$€(GLY:PEG = 100:0, 50:50, 0:1000% ¥%=(02, 04, 06, 08 g
plasticizer/g RPC)ol wa}t 24z 55 ~ 1.0 MPa ¥ 36 ~ 24.3%°|3¢}.
Y 7taAl FEAM AZAZEE glycerold H7HEAE o M E%e
o AZEL glycerol# PEG 2008 &% AH&3HS o 713 & Ae=
velgt. @48, A7 60 ymdd P& FEFIHE=E 038 ~ 054
ng-m/m2-s-Pa2 Yelton 7tiAe HrlFol HEFE, dAF 7txA
FxolME PEG 2009 ¥l &o] 258 FEFIHA i xd/do] ¢+3
A vErs

FRASA FASZ OF Qe FRHNE ARHoR ol g3
3 o)ZRE JHAA "WEE A=z on, tAAEA glycerol sorbitol
& AHEEEE 1 o5 BT ALY E FESHAES J1AF 54
(A= AFE) vXe P dstd AR WEYP YL Ho)
pH 4 - 53 A% T3F F3olojA d¥zdo] E&3}5o g I
A5 &gker] pH 6 - 99 d9elA e dF dWArt 3= YES
Edol AANUY. pH 10 o]4e QoA 4 EHe UF T A=
T AU E 99F A7t &S A7 AdlMe SgAY wAgo)



S7HE2 YEYAH LYY 258 60T ol¥e ey, A5 & o
BEHE AFS &Y 4P A9FE 7A22 AFS afxdes A
Adt7]l Adtd fAg T 744 7t2da] H|GaA o2y AE §
e BN oR AU, = YEFY LYo pH 7 -11Yn) "YE9
VEZEs WEFH 84 pHIt =l we Friste Roz Yelyg
o ZtaAe] FEIF S wE 9§ AR AEE 135 MPaolA 22
MPa2 #4sg o, 7taA9 F%7t 06(g plasticizer/ g sample)dl 7
T ARBEE 7F2AZ sorbitol S AHEEHAUE Wt o ¥ FFE BY
A AFEL glycerolg AHEEAEW7 o A Yelgd. FEFIE
H7tE 7taAe 4 FFo et 042 ~092 ng-m/m'-s-Pagl ¥4
€ HYen B2 49 Jt2As A8ESE £EFHES U =8
7taA 22X sorbitolE AME3AUE W7t glycerold AL WEY £
T FHe digh AdEaEAI A sbxA ¥ HH02~06 g plasticizer/g
protein)oll AH $-431Q ).
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FEAEE SlEE o83 JHHUES AZY o, YEYHYLA
pH, 7t2Ae] 7 € %o e 7449 EY 7144 ¢ £8 £35
4ol MEE zAEAY. YEYAH S0l pH 600189 A4S ol
T 784 99 d2A "EE FAHAITI7) oENen pH 900149 ¢z
g2 A Az WEL 75 - 81 MPad & ARZEE vy
224 pH 110 @ Z$E 98] ZWzlHo pH 110& YEYHzH
2 RARAAY. HHAHZEY 74 2 FEFASAHL 8 7taA
o M2t AA ¥ UE Aoz dgRt AR PGE MG A
TE ES UABAPEE EAAY g H94E FAqEA Ragd. wd
o sorbitold H7IHRAE el FILE AU vy g AFPE



S £% 3ol @ 4TAL AY: Aoz Yy

o 7bAAZ glycerol® sorbitold EFAI LI L FUF 712 =N
sorbitol®] #FFo] Botd 42 AAARTe FEFIA dg AdAL F
7tetgon], AREY A9 7tAAE 03 g plasticizer/g proteind] X2
AEHAE Holls FtaAY EFAEA] AFEY Aol HYAXNT 04 ¢
plasticizer/g protein©]3e] FEXAE AAolg RolA ¥Urh o 1A
7hAA7E AAREAE o, AR EA glycerold sorbitolo] AEEHUS o
7t 459 71414 B4l M 3o, glycerold Z$ 2% A7}
2% plasticizing B3/t S35, sorbitol®] F$ L AFEL A
Un A3ZE7 48 AeE Ve

3. diFdde BXF £¥Eo] g viAE IF

o fENoZRE F2F UFONAL YRYolE AlR3to £Y9 pHE
pH 1028 Zd% ¥ cutoff sizeZt 2+Z 100,000% 300,0002) membrane

< 713 @94FHr|z BYE Yol olzREH FEL AxT A A
Fol 2 2Yd £F QBB=EY AFELS EXAT FEFIAEE £Y
ol fFe a7 YRk B ExbFe] 300000 o4 2¥eoz Az H
Fol e 2oz Axg YEd v FHE/} gtod, 449 29

o2 Az YEELS FYANYSA ¥ AER HZF YE 9
water solubility’} ®¥& RS2 Vet
4 FAELE o8 HnEAYEY Az

o A RAEZ 2" FAETEL o)Ly AnEa WE Azd B3}
o ZA3E Y. &9 matrix® BEFdE E2A =2 sodium caseinateE Al



g£59on, olgdA AzY YEY 7AY HRA & e AA=H
gEg g9 pHe 714 A B cross linkerE 93t

eIz ALE FHEYH sodium caseinate®] H[&°] 70 : 307
2 Bgoznel 7AH 75 g FAdgan, of o EF HlEdAT
FHEL oY lactosed LS FFol 7|Ado WE AA WF
zHAYE 4L Uehdol Z1AH AFd dd 4¥E ¥ ¢ U
pHHol We "4 AoiXE U S pHIE 5 olstolUE o EEE
Ao} st (gelamon)7} oy Falge ¥ 71 dAew, pH +

o] 63 7¢ Lol WE £ F YauwA &7t &3 oA
7b ot 47t EASAY. AEE ¥UE £99 pH £F FA pH 10
ol Zt% Z1AIA AR HFsA Jelgon, HUxe TSS Ex 44
1517 MPa® 191.8%% uettch 7taze 5 2 5% & dolA
= glycerole ¥ H3E RS Jetdod, M AIE 7t2AY FH
2 T2 E sorbitol 30%% 40%E JElWen, olE9 Hdx TS
z}zt 1081 MPa® 659 MPaz %3¢ Hdxle] E& ZZ 9654%%
14965%2 JElwtch. "E9 7AA dAd v H7HE cross linker
o] g3& 7AAMZM sorbitol 30%E A& UE& W sodium citrateZ}
(TS : 2.83 - 2065 MPa, E : 040 - 167.38%), 7t A 24 sorbitol 40%
E AL239 e 9= sodium chloride?}t (TS : 158 - 21.96 MPa, E : 043
- 19332%) 4%2 /1% Bo] F= Aoz Jvewt ZAF}Hez & A
FoME WEEAe pH & 107 7t&A 2 cross linker24 sorbitol
2 sodium citrate$} sodium chlorideZ AHg3ted dadWidd F FHE
o] H&E 70%7A F/NA A YEL A2 5 AAS
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5 7kmAlel Hrtdl o "ES 4 AM

o ZtxAE H/E Fu dyd YE QB E(TS)E sodium hydrogen
sulfate, ascorbic acid @ citric acid® 05%7+x H713tHE& A Sode o
z7d "& Z7kste Rz debgoud, staAe HbsEd 224 F
439 AZZ=E Faste staAst 05% o3 H7td F¢ 289 ¢
FREE dEz7FY FAE Bolx Utk tuAEA  succinic
anhydride® A}83t9S o YE9 AFA=7 7 2 Ao e
o0 E3] succinic anhydride® 0.1% A7I5t¥Y S W Y& ABdEE
6.3 MPaz2A 7ol ¥ld AZZTE 255% F7H1E & AU ¢4
$B2ENTE NaCi®t CaClRE 20% o= H7sdg wde ztz
054 2 05 ng'mym2-sPal@ iz vla] Frtstd ey, o B5¢E
A9t stuAE Frtsld Az YEY FESFARE ZtaAY FF
2 STo} wWa 044 ~053 ngm/m2sPagl HYE B tE2F(048
ng'm/m2-s’Pa)st F92Hp<0.05)7t glE R e

o &4 vWALEd 7k@A2A ascorbic acid, succinic acid& #7t& 3¢
de AFFE7} F7H3HA oY citric acidg 73RS dWale AF
2 14% Z7HAZ2 4 JAd Citric acidg 0.3% 713t & w7t <
g AFAEI FASRYAT 2 ol FoE Hbs X7 F7HEA @
238 AFFE7 FAA
o hFwog Ry F2¢ 9wl B 7tLARZA ascorbic acid, succinic
acidE #718 Ao Q372 =7t Bastgoey citric acide F7HHA
S dole AFAEE 20% F7HNZ & AN} Citric acidE 02% H7}
IR e wWANE 7tEAS ¥riFel BETE WEY AFR=EI T



VAL 2 ol Fdle H7bsx7t SrHged wet 238 AFF =} Fas
At wRd JtwAl] Hrbe N "EY sEEAEAE  9%S
oA A Rt Aoz ey

6. 274 24 H7tol ¢ "5 B4Y AN

(o]

AL A £ SYAYEY FERATE AUHE A ¥
=7t 372 5 AAsdoy, & Ao FHA g aIEs o
EA detgd. &, dz 79 FEFIdEE UE9 FA Bem € o
0.5% ng-m/m2-s'-Pag YEIUA LY, 2zt Xuile] T & 15%2 H7bst
o Az YE FEFASE Bum9 FAA stearic acidd] ZAS
0.419 ng-m/m2-s-Pa, palmitic acidE 0.428 ng-m/m2-s-Pa, linoleic acid:=
0527 ng'm/m2-s-Pag YehlAS. HE F&9 dig WA S Yelhues
water solubilityt A£FAAE& zZe WAt =71 F713d ge) ¥WE 9
FEo W Mgl Fristd Zaste FFE Y. Q3F =9
AZ&NAM stearic acid®} palmitic acid 71EEL hzFo Hst {9
e Boln(P<0.05) #HAsHAd 2y linoleic acid®] A $olE 15%9)
7t sxoA oF 20%9 AZE F7HE UEUD AP FAres
e AT ¥Eteg ¥ £X& Jehldo dFHE Fsted Az
¢ 3 9HAEEY FEFIAEE HHE UFFY 57 E748
et ZAAHE 3% JeElR o8, water solubilitys o9 vz =
ZhHE d@4¢ Ui @9, AR EE 27 v Fd4e B
olg] WAHoZ FAFYLUHPK0.05), FExtold 2§ WaE Bolx
o, AFEL FAFE SKUAM o] Ho|z &t}

HELo2RE £2¢ dWAYE LS AP (stearic acid®} palmitic acid)



S Mg wet AFATG JREL By $E 3 g
Agde Frhskdc. @8 AW H7gto) o2l water solubilitysh &
B Z7sle Aoz Jeyr,

CBEY 240 v sheEde 5%

THUWFEYAGPDE o) &3t WES AxY o, 98 SPISY o9 7}
T2 ¥ salt R staA Hrl wE EHAYLUES JAH 54
R FEFAEAHY WAzl diste ZAlslgd BEgHdLEdozE U8
SPIE 95T9A 28 AT F WId £d93 FULEAAM 287
00IN HCI2 A7t g 4L A8t &84 899 pHE ¢
RyolFE oj83t pH 1002 zAslQen, 7114 2 Eglutardialdehy-
de, saltZ+= NaCl % CaChg A£3l9 3712 ionic strength® ZA 4
o VteRHES ol&dd AzG WEY ¢ 98 SPIZ UE ¥ER
o AN 4L HojRov AREe F78e YU 98 SPI
2 Az dE FS 7t2ZAE FhskA YR A$ NaCl 2 CaCl 3
7holl @l AJZE 1~2 MPaRE Z2%e Ueguided, A3ge 73
T NaCl #7HA oF 18% A% F4E S HAFUY. 28 $FRAYEA
2 CaCls ¥7HA] 98 SPIZ Az2¢ WEHY o 10%3E HAEL Je
Wtk 7taAlE A7t HE9 A$ NaCl H7lAde 933 =e w3
7t A2y, CaCl2 A7HNd e o 10% AE F718te A8e U
. 223 AFEL salt Y7HA] Zase AL Rgoy FEIUEN
2 CaCl2H7HA o 10%A= MAEE JelA.
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8. Lamination Hol o3& "WE 9 EAMA.

(o]

3 E¥H sodium caseinate®& ZtZ 100:0, 90:10, 80:20, 70:30, 60:40,
50:509 Hl&2 2HE U Az d¥d ¥8 10 g€ B% &L 60
mLe F7FT 40 mLel &3 &ol MAC Yo LaAY F saA=
glycerol, sorbitol, °] &9 1:1 EEE& Zz 10, 20, 30 g/g proteinS.2
A7ttt WEHYAFL AL WES9] casting plated] ¥ & F Ygo] dzxy
A a9 g3 &o] &A1 corn zein® P F PR FFETH
sodium caseinate EYLFEL ¢IL LAY SUAQA comn zeind}
lamination @& & AZ3A}. old glycerol€ H7Me FHEL 100%7}+
ALY EEE fA¥dol UF BHANAM ¥EL AZY 5 YA,
sorbitol & 7t F AL L sodium caseinateE 50:509) H| &2 ETHE
¥ &S corn zein¥ lamination3t¥ & 7 281 MPad ¥ ARZEE
Ad 9EE Az 5 A}

0. WEY FEHe 4528 L AFA

o]

FRU A} dFtoM FE2F 99 HEY JAY EHL WEY F9Y
ddigsel wet 34 9% ¥e Aoz vEng F Fde=st 37
5 2959 ARA=E FHIoY AFEL Fhske Aoz ey
o ole FEol Zt2AZAY JEE s Y&E gvse Aol stax
A2 glycerol, sorbitol g3 olE9 111 EFEL 03, 05 07 g/g
protein®] FX2 7o FdaTe 4FE ZAG 3, 99 2 A
HeEs 432 AM8E 7t2AlY 59 50 ge e Rez Y
Wt &, 7t2AE 03 g/g protein®] ¥E2 FIEIYE Wl EX A



HExolA ZtaAle /57 B89 AFA= A 4ZE vxA %
ey, 7t2AE 07 g/g protein® B2 H7IEEE deEs 53 4o
SEdA FtaAed F/7F 959 QAA T L A Aoz g
Wk @8, AdEs 5%l e 2 FulgTolM AAF Age] AL
£ U89 integrity?t FHA3dtd ZtaAe FH FEI "WE £4)
AA FE AR ZIAAG. 0% L AAE FEY FEELHY 2
FBBAE AYe Aoz Yehgr

7tAA 2 glycerol, sorbitol 283 o]E9 111 EFEL 03, 05 07 g/g
protein®] FEE H78ld "WE Az g FFHFIA, 271¥ES

AZ A2t "o 7 £ FFS5HE By

f5uto2Re 28 dad 712AZA glycerol, sorbitol, glycerol=}
sorbitol®] EF¥EL H7std HWEL Azdoq FuUdE 50%, 25TAA
3093 A A}, g AAFEE FrSIAAN AL FAEY
o 72 AE sorbitol T HIMY BES A AY Age AFEo) A
BetA B A5 5% JEE #4 T OY, glycerol THE HIIE UE
o] B+ A Mg Mgl AP F& M5 3% 2 #2d
q M 2 Foz F2ddd F FES AR 9 saAN=
glycerol2 AH3-8 WEL F A7) A& 42FE Jdehuded oy 4
A& sorbitole F7tFo2 N MUY £ YA FH 30U AP YE
o FERD, 271864E 2 S2FGIHE 2AY A, dANUSER
AN 7taA FhHo e &9 2/NEFEEE) SLESTAL sorbitol
> mixture > glycerol®] £A4Z glycerole 7}1A A2 Y71 WEo] 73



2o EHFEAL BYY. o9 B2 HAYE glycerolo] sorbitolo] B8]
mobility7} Eo} AP F UEH AHF FHAZ 712 A7l migrations =l
ZId3le Aoz AR HUGD

10. & 7279 g8t

TEEAEE A7t 2 A2 HE9 EFER oFoA A & opo]23 Y
E 59 HFd FEFFHEZ} ALE 7HYY EF5E o] 83 FROIFE W
st 9)zpe) oy olojxIAYTol FHAYE HATY. AA nEA
(biopolymer)2 HE UE 7I44 IEL P R JAHE ELHF F°
HEZA2 ol§3to 7|&9 X3 Hr7IE9 WES JAT & ASH A

4E ARYE 5 4 900, TFE TA g £30A qg £ Qe

22 A2"E HFo & NUAPS TUAIY. 53 BE2nEA ¥WELS
He BAFFAEE AYBE AWEFo] Fo} AAHI AL FHY /=
ix

7o o) 83 Yol ¥E o2 Algdtt B AT A 49
A FERZ EFARE AZsFenz AFAAAY AHELE &AM
scale-upell wWd FAPo] Fytsojof & Ao},



SUMMARY

Biodegradable edible films were produced from by-products of food industry.
Protein concentrates from soybean meal, soybean curd meal, rice wine meal, and
whey powder were prepared. The physico-chemical properties of protein
concentratcs were investigated. Factors affecting film formation were analyzed and
controlled to improve mechanical and barrier properties of protein concentrate
edible films. Also, .whole whey powder was utilized to produce biopolymer film

with the combination of film matrix supporting material, sodium caseinate.

Protein concentrates from soybean meal, soybean curd meal, rice winc meal
were prepared by alkaline extraction and isoelectric precipitation. Whey powder
solutions were denatured by heat treatments to insolubilize whey proteins at pH
4.3. Whey protein concentrates were prepared by removing dissolved lactose from

whey powder solution at pH 4.3.

Protein edible films were prepared by dissolving protein concentrates in a
distilled water. Plasticizers were added to the solution The pH of solutions were
adjusted with ammonia water, and the solutions were stirred and heated. The film
forming solutions were poured onto a Teflon coated glass plate and dried
overnight at room temperature. Effect of film forming solution pH and
temperature, molecular weight fraction of protein concentrates, and added
plasticizer systems were studied. Cross-linkers and hydrophobic materials were
added, and protein hydrolyzate and laminated film were produced to improve
mechanical properties and water vapor permeabiliies (WVP) of films. Selected



physical properties of the films were measured, along eith permeabilities to water
vapor.

Film forming solution pH and temperature affected the properties of protein
edible films. Soy protein concentrate (SPC) films produced under pH 10 at 80T,
whey protein concentrate (WPC) films produced under pH 10 at 90C  had the
highest TS (3.4 MPa and 10.0 MPa, respectively) but no significant differences
were detected among WVPs. Rice wine meal protein concentrate (RPC) films
produced under pH 11 had the highest TS (5.7 MPa) and the lowest WVP (0.44
ng-m/mz-s-Pa).

Molecular weight of SPC affected the mechanical properties of films but did
not influenced the water vapor barrier properties. The mechanical properties (TS
and E) of the films increased as the higher molecular weight SPC fraction was
used. The most transparent film was produced by using high molecular weight
(M.W >300,000) fraction. Protein solubilities of fractionated films were lower than
not fractionated SPC film.

Plasticizers also affected the mechanical properties and WVP of edible protein
films. The sorbitol plasticized SPC films and WPC films showed the highest
mechanical properties (Ts and E) and lowest WVP among the tested SPC films
and WPC films, respectively. However, mixtures of glycerol and sorbitol (1:1
w/w) were favored since sorbitol plasticized films curled as moisture absorbed.
Mechanical properties of SPC films were influenced by environmental relative
humidities. Conditioning a film at low relative humidity made a film with high
TS but rigid. When the high concentration of plasticizer added, the plasticity of

film could be observed at a low relative humidities. SPC films containing 0.5 g



of glycerol and sorbitol mixtures/g of SPC and WPC films containing 0.4 g of
glycerol and sorbitol mixtures/g of WPC showed good mechanical and barrier
properties. The TS of the films were 6.1 and 6.2 MPa, respectively, and E werc
58.6% abd 28.5%, respectively. TS and elongation at break (E) of RPC films at
various plasticizer levels were 5.5 - 1.0 MPa and 3.6 - 24.3%, respectively. At
the same plasticizer concentration, the highest TS was observed when glycerol
was used whereas the highest E was measured when mixture was used as
plasticizer. WVPs of films with thickness of 60 ym were 0.38 - 0.54
ng-m/m*s-Pa. WVP of films decreased as the ratio of glycerol/PEG 200 was
decreased, and WVP increased as the total amount of plasticizer added to the

films increased.

Mechanical properties of SPC Film and WPC films could be improved by the
addition of small amounts of citric acid. The added cross-linkers did not affected
the water barrier properties of films. The highest TS was observed when 0.2% of
citric acid was added for SPC film and 0.3% of citric acid was added for WPC
film. TS of RPC films increased by addition of sodium hydrogen sulfate, succinic
anhydride, ascorbic acid and citric acid, whereas TS of films containing 0.5~
2.0% of NaCl and CaCl; were lower than those without the salts. The highest
TS (6.3 MPa) was achieved with films containing 0.1% of succinic anhydride.

Addition of fatty acids to SPC films and WPC films improved water vapor
barrier propertics. The mechanical properties of SPC and WPC films, however,
decreased dramatically as the fatty acid concentration increased. Protein solubility
and opacity of fatty acid added films were higher than fatty acid free film. Both
mechanical and water vapor barrier properties of SPC films and WPC films could
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be improved by laminating a corn zein film layers onto the films.

Biopolymer filins were prepared from whey powder-sodium caseinate mixtures
at several mixing ratios. The films could be formed by use of whey powder up
to 70%. As the whey powder content increased, TS of the film decreased while
E increased. Films containing more than 70% of whey powder could not be
formed due to the stickiness of lactose in whey powder. The optimum pH of the
film solution was found to be 10. Among the plasticizers tested, sorbitol was
found to be the most effective plasticizer while glycerol was inadequate for the
film. Tensile strengths of films containing 30% - 40% whey powder were higher
than 10 MPa with relatively high E, when the films were plasticized with 30%
(w/w) and 40% sorbitol. TSs of the relatively weak films containing 50% - 60%
whey powders were improved by the addition of small amount of sodium citrate
for 30% sorbitol plasticized films, and by the addition of sodium chloride for
40% sorbitol plasticized films. It was concluded that up to 70% of whey powder
could be utilized to produce biopolymer films by adding sorbitol and cross
linkers at pH 10.
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AL, collagen© 2 B-E] gHE| 7 casing sausage = & F JFFEA 2
YgF5 ol gk Com zein 4L nutmeat} FIFol o] &EYon,
ZtE8 T ERCA AP diF WE('yuba" £ "soy milk skin")& F
T Al n71F okfFE 22i8t7] Wl wrappingsly] s AHgE of
o

2 47 AHgE F8 d8 FAUEY dFHH HAY §§& AnEAEe
didolr ol2d hFEHAL FARE AR M HFol TFAN o
FE o] &FHoA fot ole o 1,0008H F39 AHFM FHE MAME st
2 W F4d 2 ¥ AAU] FxHAY 2dE HHT Ho] Alxo)
5, 2 F g 34 dHER)R H&H o ol AMzsted H§o
Bol 2o ddHo] ofld WH o2 AARY. ol AA YBANE BHWB
¥) olv BB, yuba), APAA = FIA(IK, tou-fu-pi), T3 FF YR
He BEF(0E), ZHolAoldlME fuchocke 2 Egl$oj2h @o] o]&HT
Atk o] "WEL F2 @A Loz FAHAIY EHAME soy



protein-lipid ¥ Eojz}tn £ 2] &1},

Soy protein-lipid W&o ¥ AF7 A QTS o8 FHHYE,
Wuel Bate?de 65Ce9 B0l qiF& 1AEY FAAIIL BHY E7]E A
A F 23 dFE Y EHIA F/HE Axsie HHIHEAE AA
At £33 Siand} Ishak29)E F& B4 F E7]8 AAF AL 1089 &
7 3 F d4AREE FRE EEN JAFXERREH £ wHE
ALg3td . Wust Bates?e MZLEE HAHsE7 AT 78 #I3F 2
B, 35S ZeHd ML ¥L 2XO5C)2 QeSS E HEYEAY &5
Z71¥¢tn B3ustgon, Famum $20& 98T2 71d3ld WE S A=x8Q
I FH7F BAEHY i AxHA It Budo. 22y olg 2
Moz Azxg "ES i FdsA R, fdoz R AR
ol wet AFe] FHol dAEA Rache @Hol Ak
£ & o] Janesst Chou?”off oja) /A EHAEH ol&g2 T/ &
A& THHPH 4.5 Hstd FHA7 L, o]& A 2std dHAE Zo}
dH TR/ pHZ F3F AL Teflono] ZRE Mol Wi Al MA 100T
& F AHE BEE dojuo ¥E&E AzdH Roy
SWe FHE DYE TFo) 30%7t HNES $EAI T o] $HEL dieE
T WEY T AAHEHRLZ AEAA 4 RS tdste 9ol ¢
A3 coagulation=] =& st YE ] HHE A £ A T 44 o

2
x
>
N
off
r [
)
b

Azstn o]E F#£%o) ZAHY casting plated)] & F AR AZEdGE= o

o) ALYAT. Anker S0 IRAWAY st B2E Y T W(wheat
glten)e B3 %229 EFEAol Selstn, +84 F71902 £ pH



g 2#A2 23S F, JtaAE sty Az ESAE A FoY 7
Bt 2AEde EHd R AZdY IHIAY 2L o8 gojulo] vmH
VAR =st Zstn FhAHl e 27 ES AzFAAG. o159 Az
HE o] R Aydt 5302 15 go] ZFHE 6 go| glycerole 72 mLe| 95%
|2 &afldt & 7} wtsta A 48 mLo] E3 12 mLe 6 N g2 o}
drtste] YEHPJEAE Az, o2 RH ANz S FHUEY A
< Y LEAYE 549 A SAHAYEQA T4,
BEFE T ZIAHEALDN £&, 44 E olistEs
Apstey o2 4= W(cellophane) Wiz @ ZA# HE9 7|AHEA
Hla] ke, F712 E 2F a9 olisigie Fo) iy oA
e oy FEF I P AL Wt B sl Gennadios 531
24 SRS TR 7302 E¢ste) HEYH R AL WEN ©
Z&1 o]F Aydt §79 Wyg o|gstd Mz 234 @
dde Hag A3 FeldFoddse EFUE) & 9%

L

m\m

mL‘

o[ﬂ
o r>'

dEE BHoY, UEY AARAEE 0% FUEE, 7, 15, 25, 35CoAAH =
A A3 2xo wtE2 dEo A4AFTHEE Arhenius modelS wWEr: ®
LA T2t o]k e WHER AR} WEL ALLE EuAA
dFE FEYolz2 79 AMEHfo] 28HE FHE (YD Yot

149

to] TR AGEe] FUARA dF GNAL T4 olnxie FF
o A1+4& Yet 1o film-forming €9 AZ A] & Sol2 AL
¥+ 2e22 ¥E Mz HEol HA =& F¥E 7HAoh Gennadios 5°
2 %o FeldFaW A 3% glycering FH S fast) Y23 L
€ UEL °I2FH YES AZXY o FEYH LY pHF WEY JAH
4% 353 AdAd olXe o st FAG A P §Y9

¢

o
Hir

W

—4] ~



pH7} 1-3 32l3 6-120]A € o HEo] AzxHYew, Ysawae SAH
F2(pH 450 e BEFEA T F&ddn Basyg. =% pH 6-119 &
Ze] 9 Az WEe AAAE, AFE, $E01F D40 pH 1-39)
A Az 9F 29 ¢t n R sy EgTda 9s

o FEL 4% +7E FHol dod, AF4 PEolmE FEEREI}
3, &% o}v]:x4rel methionine®} cystein®] FaFo] o} wwla By o
disulfide 2ol oatd AFZ =7t g ol GHoZ RuFT ).
£ diFedds 38 d7se AdFez ABHE YsdUde
52 gon Zt2AE glyceroldl &3t AT E FP3Po=E Yang
Ve yFwog Ry WAL 2% wo FZpHe we WEY J)HF
=& ZAEE diE S pH 29 AN F28%8 o
¥ AAAESG B FEFAEE BYoy ojt @M o] 1 o
24 7|9slE Aoeg Baggd. a3y
o 7tA Ty W] Azxo BHY @A S4d g zAht 7}
g

34 71%e oa A7s} vAY A

A

b

===

N
fo
-4
oX
ox
Ae
ofi
»
o
o
o
o
Hir

FdH FUe A4S Y82 JFE AZY 9 BAEZ YAEHE Hoz A
THZA BT s AR YR AAH ALZINFEA 0% 23t
o uuy g3 B @ 9ude $sse oe gluelin (orizenin),
globulin, albumin % prolamin© 2 yHo|x|nj, 71 Fae LT E3 B IAE
weh zol& woln Stk 4o F2 YWA glutelin (oryzenin® FA )
o S8 R A3UUA2A S4Y 2o g G o 0%
22 §T1). Glutelin®] Ex3& 105~1069 HWYES Usy 2xpak 38 25 2



16 kD! #j7H¢] subunite 2 FASlo} It} Prolamin® ¢I L L8 A
Ezlel Aygmazad 4 dwgol 510%2 xA&x o] 2L prolamin
FFS 4 g F28 SAo] Ha A £44 FWAQ albuming @
£4 oAl globulin® F2 ujZZo] BI¥Ho| 9o ol YyEgHo

2 788 238 Ad dydolrt. 4 dlde olujx it 249 S
€ HE25° vl lysinedFo] oo glutamin acid®] FFo] WriE Ho)

T}35).

2 Ty 55 E(rice protein concentrate)e YutH o2 A7 T A A
FAER Ad8e vAozRE dze F239 THYPH 45)EAYPe =
AZSGAWO 522 ALAE FasH 8L AAsS AP, Morita
¢ Kiriyama’®= #7158 A Hestd FaA7ln o]8 osly B B
I gt g2 M Y3l A ek 90% o)Ae] rice protein isolateE Al % 3}
Aok Iy 4 2A2 g Fo 7lFAdol Adsld 02 wwAEd v
af HFAL 2] o] &HA Ratm lon Fute] dwlAS o] &% A=
BEasojdA et

2 DA E oY ME2E H& WLozM YIS oZN o] g
Aol M7t Shihe A7t E 4 HYsld AES IR AAYe=R
Ao g F 3% 4dd FEHES Axsn ol F pullulans}t EFsA
M 3AEE AzsUn. olg 7FE A2 propyleneglycol alginateE d¢ze] =
oM 23 H713eld 489 Zxo FEEASHS AHANE £ AYz
3t ot

§ ¥, Gnanasambandam®) & FAHE22 AAHEE wP3e pH 952 ¢4
g M2t ol AHEY 9 Anste B4 HES AAT F /4R
of 7t&zl2 glycerole H7tstn st mutste AR GWAYEL A=z



. o8 WEHA LN pHE 359 9594 UEL A=sHYL o,
59 UBA=S fAE T 71AH EAH4L ¢ZYA Az YEo] &
TIRALoY £ R A2 o)Fd dE AL AP AzE W o)
o ¢Fadudn Busgr.

QA7 4E ol 8% N4 WES Azol B AFE A9 oTolA 9
A e AduelAw o9 AT o] RATE AL nFoY Furg
oggozm M7ty volg AL e DRIANAI SHsY Hoz
o4gch.

Agel FHE A2y FHAA MAzAY RAEZ YA o9 Ak
7t AT AR R AEAEZ 89x REA A8 g = drjER
EREAG. 3 T €2 nYPPozREH HI2S AA}G S{guwa
(milk protein)& AZd= WHozE FTHY JAsA caseinateS 23
YD &9l of A(ultrafiltraiton) ] & AR 3] TR SHIMAERE AR
) F2FES BEste whyibo]l e AlgHI glon, A¥A FRZ gel
permeation chromatography (GPC)E ©]&3l: w4, #9lodae}l cryodestabili-
zationg °] &% JHAAL F 2 A H(cryoprecipitation)dt = HHH42), membraneless
osmosisNE o] g% SR ¥ L ¥ILL ol AUV M
Hoz FEsHE P 5ol o183 Utk o] 3 WAHA Y& AV
A ¥ % E(Whey protein concentrate, WPC)E Ha3l7] 93 djoz 399y
BE ol&sd Ha ARHoxm glon F2FHIWA(Whey protein
isolate, WPI)E AA3l7] 9% 7]€ =2+ high performance hydrophilic ion
exchange® o] A& 3 It WPIE @A gako] 80%0)4 X 3E Re 9u
3t3, WPCE 20%l A 80%<] FAH T Aol F&5o Uk fxgwae g
A FEAE B oty AT AW L Folyo o]gxm il



FEEHAL pH 4604 faise 4A2 diE=HY ol HA $Hay
A9 20%E A2 Urh. FAGHAGE  g-lactalbumin, B -tactoglobulin,
bovine serum albumin, immunoglobulin 18] 31 proteosepeptone® 9] }Al 712 9
@A fractiono] EAFTh FHDRAY Fg FAENAE HJEL B
-lactoglobulin®. 2 ol f¥YMA] 62%F A%}t B-lactoglobuling® A%
4719 sulthydrylZ] 7} Wi 5ol S8t 78 A2 65TColdolM HMAHAS
o dojut W9 sulfhydryl?], ¥gAe] & 2F47E 2 £-NH7|7} 9
P2 =2EOY). 39U E 8A4L JHEEE fE sulfyhydrylz) o] Arsie}
thioldisulfide interchange ¥Fgo] doju} FAHGWMA BzEol F¥sA =
TH6). g -lactalbuming F A G WPl 25%F A= dsl9 disulfide bondE 7}
A 78 d¥Foln, Bovine serum albumin (BSA)E= 17709] disulfide bonds}
atite]  free thiol7] & Ad ¥z 66,0000 Ad F¥ dwgolr)
Immunoglobulin®} proteose-peptone2 FAH WAl Yvjx] REG xsta ¢
t}.

Wust Bates'DE 7t9€ FHERE ANYREL AzeE BUL S8
of o§4te] cottage cheese wheyst o2 FA WA $ZZ(WPC)E2 HWEFHA
THA i ATEHATG. olE L JIET 2.8% TGP g Fuo AW
JES S FUYd= AW Azsod "UEE 7‘“7‘?} Z 3} cottage cheese
whey$} calcium WPCE YE8A 5ol Fx 2% vt sodium WPCE F &
4o BES A2 £ AW Y oY YW FIY 44 Y
€ Azxsrlde FHF}dE @S Adoh

NMRARE Fojdte Z4E AEstd fAYYE 5L AzEE AF
7} Mafmoud9}t Savello®®)e] ol& A= HUT) o)=L Ca® o] &3 glycerold
d7bg pH 759 &F 8 ZZ 5% § ¥ A(q-lactalbumin, B



-lactoglobulin R ©]E9 Il EFE)E SAHAA EFH LY VEn Jtw

2¥S Fvidte A49 tansglutaminaseE #H7bstdd WES A= A, ¥
9 TFAHGUEL FEFAE FFE vXA] Rsden Yt glycerol
o T me} AFAE, FEHF, FEFHEA] AdHog JFS Wk
On 3uggdt. £3 o]E& o-lactalbumin, f-lactoglobulin 2 o]E¢] i1
EHEE Az EEY 3= VI RHEE SN A WEY &9

EE 7t&AZ2 AFEE glycerold] X9 &ole] pHet AHAHQ #Ho] o
By, SDS, f-mercaptoethanololl = B840l Tuiis] Z4o] sy B3
He ez 2astAo). a2y Ao Zo] HAHEES AFsy) 9
E4AME ol &3e WYL 1t Az:H| Lo =& @] Ut

FHawAe 79 FZ(globular structure)E U glo] WE9 Ao)
35 random coilEl2 3] unfoldsjo] Z¢ FFL FA4E
FAgWA FHEQ B-lactoglobulin pH 6.5 70CHH u|7}
oz WAH7) AaaEn0), §HUWAL 100C SHAM SHs gy
Hol & FHIUAEH disulfide ZFE AT, ojg F3Fo] A3}
Fuigo] dojue ML EI EolWgn §rhs2). McHugh £59)L 8-12%

o Felf 3 A(whey protein isolate, WPI) &AL 75Co|A 100CA el &
Ztdx2istd GEEYS TE ol & o3l o] =AY W X 4
2oM Azdto RefAodd "WES Azsn, B9 FEFAZ q
Ae 7taAs) Fdegse JFo dsteq zASHY 2 2% st2AZ A
€% glycerold} sorbitol2 W& U TEALS FAAYE AANA YEY
TEFAEE FVHAIIE FAld HEd fU4S FAsYed, 94 sta
A FxE AdgEdA tAAZ sobitold AHEF WE FEEREIAEI}
glycerolg A8t WE R @givtn B sty £8 McHugh 9 Krochtas)



T 7t2AE e BeRA e JMAAHEEY dAFAEE HYF T
ArHos e Bon FUF APZEA 3¢ sobitolE 7FAAZE A}E
& BEo] HAFHETL glycerols Al2E WERT Yol A2 A
T sorbitole] B 4% Aoz Jvelgoy Baddoh $A Fairley $592
2ol AARFAAQ sodium dodecyl sulfate (SDS)E 7A A2 H7bste] By
FHAARAYES Az AT 71422 SDST ALL3A LS o= taAz
Aol &7t AR 2 glycerolE & sorbitol#} E st} ALY W 7haA
249 23g Ydellen ddde] distd 20% F7rslged FEFIAT
ol ¥ziglo] ARED FERATE F/HFHY T Rustd).

a2 sish ol ANYYES Azsy Ae EsATULL o) &s
T e u7ty Azugo) ARHEE AgHoz o|f3y] oYl wa
A By A7k QY ES AZRY £ Ut wHESol RAHYcH
Maynes9} Krochta®)e 7t 4™ E o AMZ2E A4 EX#9 ol&7tsAd o
¢ dTE FYAASG 2R A2 EL WSIAHA AYSHE 79
of ofsf WEe o] FUA RIUL casting Wo] WEo] B: A¢

2As ol & }AET] At AR Y ethanol FEYPE FH AIL
AR WE& AzstAh 2 23 YA YE ol &3] F3& AAA
A FAUA2 AzE Eo] A F2YS 043 ARG ¢ B2 A%
To @2 FEFIUEE BQdn B st Banerjeest ChenSNe 2§
ey BoE A7t 430 5382 olgde A44BE e Azxs
o o] & sodium caseinate, potassium caseinate, calcium caseinate ¥ 224
Wd 5 542 Hng 28, f399d 5522 Axy S U
d & caseinate WEE I} vl on FREEAEE o ¥ Aoz gy
Ha Baste JNYEESY AgRA FAGUE $5E9 54HL BY

o\l



o}.

olge] ATEolA AZE AAHUESY 4B WEY FHR A4
DRASe 2% 2% ojle $Eo wuAolRE o5 olseyyAd
we chze] e WA ojs) @AM waAY. T HITAA FHUY

2 olgstel AZY YRER YEo| WY APE T2 5 SV
G Ee 2o 4¥URds ge 4oz AudE 428 AgaRen,
Ag RAEZ UA4E AREDE 202 o4F AL YU

metd B AFodMe QEANYeZRE FYT dFu, F9, £33 F9
A7kel AAFAEE o] fFd o2 RH HEHAHE & A

&5t 71E9 JtHAG HE AZo)2S vHoR A HES Az
I olu 7hAdEEe Ao vAE FFA sl FAEF e, §3
23 sodium caseinate® EF o] &3l HoFd FHELS o)L £
e & AxxAE AHYstnzl kg

A gu

o



T Agel A8 3T dFEE FHELE AR EAYE
stA) e Alg ZAQFEE Ardd)E ol&dden, Fuhe (AL
(Mstgzx, TMAA AFAZ F FAEZ AA4E A& FAHEAQ -20TelA
YE Bag RS AT AgSAT A4 EE Azd AHrMHE vta
A 2= glycerol (GLY), propylene glycol (PG), polyethylene glycol (PEG) 200,
PEG 400, PEG 600 (Showa Chemical Co., Japan) 2 sorbitol (Junsei Chemical
Co., Ltd. Japan)g A}&3}ct.

F£ 82 Bacd] WS £ASA ZHsP. F, AJE 10 go 204]9]
252200 mL)E 7+¢ % 0. N HCl == 0.1 N NaOH £02 228

o

pHE pH 2.0~12002 23 HA 6087t magnetic stirerZ ¥t I,
0%t A4 E21(8,000 rpm)stth A2 F Aoz 4AY 4 mL F9 ©
w2 322 semi-microKjeldahl'd 02 2 A3l 328 o3 o] F3Y

—

asg o A2 S99 2 (g)
TEE T As F uwae T4 (g) X 100 A1)



W 2ESY 23

He

2 pHel 8818 NZE I mL & A3 o|E ¢as AZA F £
T3HS Beuchartd] WyIs9¢ AR Wyl ZHsigo. =, Az 204
(V/W)2] 0.1 M Sodium citrate buffer solution (pH 4.0)2 7}3ly &3tA17 %
202 3¢ FAAZAG 2083 AAEG,000 pm)F £ AY AL A AsA
Nzl € F29 TAE SRAAUYG. olf 42 F5AL oA o
sto] A4tatHot.

Ao F5d £89 A4 (g)
ANugF gl 25 (g))

x 100

2 pHOl 8319 AIBE I mL 4 Hal: olg BHs AZAY T 44 F
FHg Beuchansl $Pe 9% wasle 2WaYG.  F, Aze] 20w
(VW)el BA FHE 91 302 T S 208 FI AAAY F 20
2 ALA10,000 pmsATh 1 F ARAL AAsS Aze] FoE
Aol FAE Y5 4 o] ANFLAE Y.

Jo

AEd F58 729 FA (g)
ANET dUA BA (g)

X100



5ol 30uj(wiw)e] ZFH4E 718 F 1.0 N NaOH £202 pHE 100
o2 zH-slo 25T A 6027 vertical stirerE o] &3t WWiAA )T
Ag FE39d o)& 1087 YA (10,000 xg)ste] ELA AL A
¢ ¥ 434S 10 N HCIge2 pH 4302 zAst dwlyg JAAz

22 FFTE MYt s28x3A o3 T 80 meshe] ¥
7, o}& ABEZ dgd A& A} (Fig. I-1).

2) SRl vz

off

52 Az

Az3A &g FRulAle 108ww)e] SHFE JMste Pz g

%, o€ 1.0 NNaOH 8402 pH 1128 ZAH3 o 25CollA 60837 ZukA]H
M8 EE FEHAY. o FEAE 108 YA (10,000 Xg)d F, 4
N HCIZ diF 9o THHY pH 4322 =43td gadg

BAAZ F, 108 44 £2(10,000 xg)ste] FHux] oy AHEg ¥
gatneh o2 ¥FAXT F 5 vl n-Hexane2 2 23] X F vl sty

H



Defatted soybean meal + distilled water (1:30)

{

Extraction
pH 10.0 for 1 hr.
Centrifugation
{ é 10,000 xg , 10 min
Precipitates Supernatants

Isoelectric precipitation
‘ pH4.3

Centrifugation

i

‘ ‘ 10,000 xg, 10 min.
Supernatants Precipitates
Washing and Freezing
) -80°C for 6 hr.
Freeze Drying
,‘ Sieving (80 mesh)

Soy protein concentrates (SPC)

Fig. 1-1. Flow chart for the preparation of soy protein concentrates from defatted

soy meal

—52 —



At
¥

whohk ol &) 2= 2 2(Rice protein concentrate, RPC)9] A%

r
b

&2 @2 FHtd 20uf(wiw)e] FHRTE 7t AR EF/E F, o
E 1.0 N NaOH #<§o2 pHEZ 11002 ZA3to 25T 6083 vertical
stirer& o] &3&td RWWAA ZIRAEE FE3AT 0§ 108F LR
(10,000 xg)dtd BE&Y 22 AAT ¥ 4AHAE 1.0 N HCI® 4o 2 pH
4302 xAste WA S JHAY F A L(10,000 xg, 10 min)dto F
vt gl RAHEE st Ao Fu ol AHEE FHTFE A
Hatn Az nlyd F o] E Sule] n-hexaneo 2 33] X3 80
meshe] EFHE FAAZL AL FUdWd FZEAEE Ao AL
(Fig. 1-2).

4) 3w =322 (Whey protein concentrate, WPC)2] | =

T34 B2 FHFE HEF 75C7A EAMesn Yztetd 0.1 N HCle

HE 452 zH3td {38 A S ARAUG. 459E AATE A
g 7tsta pH 452 zdste AHE 45 ACR 33 WwES {ES
Astn 1023 44 £2(10,000 xg)dty 3 A JHEL Estd
th o] WEAZXE ¥ 5 w9 n-Hexaneo 2 33 @X3 F vlsto 80

meshel EZAE SAAZ AE HAVNA 55 A= ALgaoh



Rice wine meal + distilled water (1:20)

'

Extraction
{ pH 110 for 1 hr.
Centrifugation
|
v Y 10,000 xg , 10 min
Precipitate Supernatant

Isoelectric precipitation
l pH 4.3

Centrifugation

Y ' 10,000 xg, 10 min.

Supernatant Precipitate

Freeze Drying

\

Deffated with hexane (1:5)

'

Rice protein concentrates (RPC)

Fig. 1-2. Flow chart for the preparation of rice protein concentrate from rice wine meal



3 A2 v 5329 osey 54 24

}oAdwgE By

Mg 2 9ld 8 F7EF, 20U IEH, = ALEF 2 HEY
2o AOACH o2t Ztzk 105T Addz, semi-microKjeldahl®s,
Soxhlety R A FgYPoz AU} £ FFuo 4z g I A
Fub 100 g2 #H3td 300 mLe] FHFFE 718l olE FFE F FFHY 100

mLg Astel 10TAN FHE 22 st 2Ratarh

N

. ool At 24

F2 992 R AT @9d 2YE9 oprlxdt A& Heinrikson 56D
wgol weh obuliedt $48 AR B 60 meol 1%9) phenol AT 6
N HCI 15 mL& 7}3} 2 Pico-Tag Workstation® o] &3ta 7| AHAALE A& A
28 AAMNA LZEE oS, 105CToAA 2427 T 7MFEad Alg8de
olpl e itE A JtFEastd oim:itog2 FE A F PITC (phenyliso-
thiocyanate)E A}l&3ted PTC (phenylisothiocarbmyl) f 82 gvHEo] HPLC
(high performance liquid chromatography)E o]-8&3ld <S4} £a wta oz R
g & UV (254nm) H2E712 FE34AUch otulxit E4d AHE2E £4%X
2 7bEZ AL Table 1-19] Yebfdch



Table 1-1. The operating conditions of the HPLC used for the analysis of the

amino acid contents

Instrument Waters 510 HPLC pump, Waters 717 autosampler
Column Waters Pico-Tag column (3.9 x 150 mm, 4um)
Detector Waters 486 UV detector (A 254 nm)

Mobile phase

0.14 M sodium acetate trihydrate, 0.05% triethylamine in
Eluent A : deionized water (pH 6.4 with phosphoric acid) 94 mL +

Acetonitrile 6 mL
Eluent B : 60% Acetonitrile
Gradient table
Time (min) Flow %A %B Curve
(mL/min)
0 1.0 100 0 *
10.0 1.0 54 46 5
10.5 1.0 0 100 6
11.0 1.0 0 100 6
14.0 1.0 100 0 6
14.5 1.0 100 0 6
20.5 1.0 100 0 6
21.0 1.0 100 0 6




o wude gHEEY

23 =& Bacd FYVE £YY $28 ZAYd F3d 2Lt F,
AlZ 5 gol 10W]9] FH4(50 mLYE 713+ ¥ 0.1 N HCI =& 0.1 N NaOH
fgHo2 fAol pHE pH 2.0 - 11.022 ZH3}HA 1087 magnetic stirrer
2 g ¥, 1083 d4E8010,000 xg)Etdct MR F dolA 44
A | mL 5o dwa §3ke semi-microKjeldahi® 08 23l Bz & o
&3 2o F3 A

ac — onTol 839 dNAde 7 (g) R

gt H719%F

2 oA A719FL 50 mLe FHFA e 9 Mg 1.0 g&
0.1 N HCIZ} 0.1 N NaOH £Ho2 pHE 20014 11.008 2HEAA

[ %)
R

208 T ANbA F, 2087 YA EE(10,000 )3t dojz FAHAL AB
2 Abgstrh. Z pHol &8i€ 242te) Alge /19 %S Laemmlio] ¥g6d
of upzt et HA71FGEL 10% SDS polyacrylamide gel& A3t ct. o)
o Al HEFEZAL protein molecular weight standard, high range (GIBCO

ki

BRL products, U.S.A)2A myosin (200 kDa), phosphorylase B (97,4 kDa), BSA
(68,000), ovalbumin (43 kDa), carbonic anhydrase (29 kDa), b-lactoglobulin (18.4
kDa) % lysozime (14.3 kDa)o]l) 2™ A8 9} buffere] H|= 4182 stQc}.



v}, Gel permeation chromatography (GPC)

2tzto] pHel| £3lg ©zlo Bt By g gel permeation chromatography
(GPC)E ol &3l ZH3AL. A& IS mgg | mLe pH 80 20 mM Tris
buffere} pH 10.0 20 mM glycine buffero] &3]A]7]12 o] & Sephacryl H-300 &
doz FAMadd. EANZAL YO0 x 90 cm)o] buffer &£BL 25
mL/hre] £x2 §&A1Z00, 25 mLy B Y3t 280 nmollA 2+ HRo o

WA ERTE FASIY ).



4. % 9l WEo Az vXe JIAAE
7 458484 pHY 2= 9%
D uF 9wz IdE

JbAA 2 glycerol 2.0 g& FHS 100 mLol] &A1 & A& 40 g2 A
7}t 287 A 310,000 rpm, T-25, IKA Labotechnik, Germany)dtich. ¢
BUols g Algste HEPAEY] pHE 60 - 11002 =4dstn YFYA
gl EEF 60, 70 2L 80CE ZAHEA 7tdawstd WELAE A=
st AEL AASI] A AN SED BAAY F, o] Teflon 2H
& Fgo] 2HE FIYWERS em X 25 cm) Yol B2 F 25T A A=x3ty
dld AN YES AzSAC

2) 74 w3y B

2,

Fo gAY E Az A S &4 pHol we HYUES 47 ¥
& ZAsl7] 98t FH4 100 mLo] 83E S FaFo] 5%7t HA
Fur gl Agg ¥ GEYIFE AHE3te] pH 8.0 - 11002 zdsd
Aq @gstn olg AAEY(10,000 g 15 min)ste EE4 @IS AAG
% 7}A A2 PEG 2008 02 g/g rice protein concentrate (RPC)9] =2 H7}
sx ol& 90TCE 7tgaEitsted B Y& A=z, AFS A7 4
A Ao SEL WA F, o]F Teflon 2YI FHo] 2HE A%
(25 em x 25 cm) 9o & F 25TolA Azt diid 74P EEE A
zstAch



3 54 w3 ¥e

P duAdE Az A E5 899 pHel e A4 EEY 43 ¥
100 mLol| &3jd Ao o] 5%71 XA
3 gl AMEE Y1 YgRYolsE AlE3E pH 8.0 - 11022 z2A-3d
A mykatn olE YA E (10,000 g, 1S min)dt] ELAH dHAS A
& 7t4A 2 glycerol 3 sorbitolS 1112 & & RS 02 g/g whey protein

i
R
>
o
N
2
L) ol
Hu
¥

concentrate (WPC)2] =52 F7I3t1 ol& 60, 70, 80 ¥ 90C= 7} muts}
o YF &4 Axd, AFE AAB7] A8A HEAA SEG BAAQ
¥, olE Teflon ZLE FHeo] 2HE FAW25 cm X 25 cm) 9jol] & F
25TColl A nxstod dd JIAH4EES Azxstd.

HoteA R R vxe 9%

1) 5 odid 9§

A g Yl A(soy protein concentrate, SPC) 4.0 g 100 mLo] Z &5 &3
§ X, 714 AR glycerol, propylene glycol (PG), polyethylene glycol (PEG 200),
PEG 400, sorbitol 5& 2}z 03 - 0.7 g/g SPCY] ¥ &2 HJtsld #AFs 1
o] 4o pHE 10002 ZH3 UM 80CE 7FIuWe ¥ castingste] YE
& Azdto] shaAle 7 L $E 1E ¥ Uy Y AP

A2E 59 J1AH 54 2 +EEASAH A5 WA

A& @ F(whey protein concentrate, WPC) 5.0 g€ 100 mLe| ZF o)

£33 F, 714 A2 glycerol, propylene glycol (PG), polyethylene glycol (PEG

—-60 —



200), PEG 400, sorbitol & Z}z} 0.3 - 0.5 g/g SPCe] Fx 2 HJlsled #3
3}3t3 o] §4o] pHE 10002 ZXHEHA 9TE 7t it ¥ castingd}
o WEe Azake aAs % 2 2ol ©E 0T wua BB A%
ZES} AFE 59 JAH 54 2 +EEAS4Y ¥ 249U

5. s £AF] 9
7b BRI 28989 Az

HFEHA 100 g& 75 2 Lol ¥ ¢RYols+E o] &3t pH 1002
2 xA3td YA g &Y. o] £4L 05 m'e WHE 2d100,000
nominal molecular weight limit (NMWL)$9] filter7} #&g@  §9) of 3} 7]|(Millipore
Intertech, Bedford, MA, U.S.A)oll ¥ o permeates} filtrate2 ¥2]3ch. 39
& 73R 2atu £FY filterate7} 500 mLEZ FAHALHW F7F5(1.5 L)
g A7tste o2 ©A £@ALH, o] AYe 38 W] ojHE P}
Adrt. oldl, g#ete FIHE ARE 100000018 BAFE Ad AR 3
Fow, filtrate= thA] 300,000 NMWLS] filter& & 2tgt djojilrlel Y
TEAA AFH%E TG Alg (EAF 100,000 - 300,000)2 F A R
A8 (22 300,000 o] hE Ryt 23zte] EYEL rotary evaporatorS
ol &t FHE oS 0TAM F2E F FAIX3NY Az dxuda
2 oh48T 80 meshs] EFAE EHNY RE NEZ FUY. Az
100,000 NMWL filterg& ¥ 33t A&, 100,000 NMWL filter= %3312 £314
A g 300,000 NMWL filter& ¥ 3¢ A5, 283 300,000 NMWL filterE %
#3tx) £3 A]&E SP-Fl, SP-RIF3 9 SP-R32 7z} @dg3igon, ol o
walel Bxiar ¥ E H7]9% 3 gel permeation chromatography (GPC)E %
st s



U 5ol 2EE 989 Az

M

ZbAH Z glycerol 20 g2 ZF4 100 mLo) &8{A F A ¥z ¥
g giFodd PHEE 40 g Hristd 2833 FA 310,000 pm, T-25,
IKA Labotechnik, Germany)3t5th. ¢RUot+E AHRste] WEFA &4 pH
Z 10002 =430 YEYAHEY] L£XE 80TZ 7fdusiyg BELY
S Azstn AFE AASY AdA ALAM SED LAHANL F, olE
Teflon 2R o] 2HE FHW2S em X 25 cm) 9o F& F 25T
A Azxstd gl JIAEEES Az 9ud REE 59 71AH
EA, FEFN B4, 2%, 4 ¥ EFYUEE A o5 dyWASY

22l YEd vAe %S ARG

o

T-7HAQ) EREEY Az

Hu

o =
%

7t 3E Az

BEo Az FAHL Fig 139 YetlU &, FHE L sodium caseinate
o] Egule gejste Axe EFYF (whey-sodium caseinate mixture, WCM)
10 g2 95% ol&-& 60 mLe} FF 40 mLo} EF £of AA g &34
21 £ 7tAA % cross linker® H7Fdtn T 7)(T-25, IKA Labotechnik,
Germany)2 6,000 rpmolj A 2% F<¢t EE & o] £4& 1.0 N HCI®} 1.0
N NaOHE o] &3t} pHE ZHSUA 75C - 80T exelA 7t misty
tt. UE89Y 80 mL2 Teflon o2 IYF 1T HFEs dn $£Hol
ZHE FEBQT7 om X 27 cm) ol F& F, 23T oA 24A% T XA
7 AnEa 2E8E AxSAT oW YELS 1| HIF ¢ MY A=A
o



Whey powder / Sodium caseinate 10 g

Solvent system e | —— Plasticizers
(60 mL EtOH/ 40 mL D.W)

Film solution
14——— Adjusting pH (4 - 11)

Heating and stirring the film solution up to 80 C

l

Casting the film solution (80 mL) onto the glass plate

Drying the film solution
at 23T for 24 hrs

-——

Dried film

Conditioning the films at 25T, 50% RH for 48 hrs

l

Testing the film

Fig. 1-3. Preparation procedure for biopolymer filins made from whey powder and

sodium caseinate.



Y. pH ¥ 7t&Ale &£3%

&322} sodium caseinateE 40:60 (Ww)oZ TPt o] WE N X
APE-3Eor. FtA A 2 glycerol, PEG 400 2 sorbitol g 2+z} 0.1, 0.2, 0.3, 04
2 0.5 g plasticizer’g WCMe] T8 H7bstgd. 71AANE F7e gE49
o] pHE 4.0, 50, 6.0 , 7.0, 80, 90, 100 ¥ 11028 ZAF ¥ YEL A
Z3td Ztztel 7tAA FF 2 FEAA S5 EYe] pHe @& WE9 7]
A 4dE 2AEA

7. 7vA4 E&e 97t

7h 2EY FA 53

g49 7144 "98L A% 7 E(Tensile strength, TS)S] 32 434 80
mm X 25 mm2 Hddn FA =HE micrometer (Teclock, Japan)E o] &3}
oq HE9 FAE 53 FAE F FFgez Jegueoed, £37 Fix
(Water vapor permeability, WVP) £4& ¢ ¥WgE9 F7+ &L 70 mm
X 70 mmz HGE ¥ 93 FAHs P2 YeEPAU

U 71AH 549 &4

B

(5

MMM EES AUEET} 50%E Z2HE 25T ez 48
AE xE] E FEFFE =HYE F ASTM D8§82-90 EFE Al FPed
o] ule} Texture analyzer (TA-XT2, Stable Micro Systems, England)& o} &3}
HE9 AA7E(tensile strength, TS), Al & & (elongation, E) ¥ break forceZ &
Aatat. olm &7} gripte] Al 50 mmE, crosshead £ 5 & 500 mm/min



o2 2AEdAYG. JNF Az AFELS 4 g 4 23 3)2 o) &3}
T3 2w, break energys QA o] slald wWiRE WEol ZojdA w 71X
A-A%4 FMe dxoz Yehch

TS = Maximum tensile force

Cross sectional area 4@
. NG
Elongation = L X 100 A(3)

A @A 9] maximum tensile force: WEL Folsd w), YEo) oy
W7kA] 2§ 74} Z FY& Baoi, cross sectional areal WS HF woi
g ougch A3) A9 L& Texture analyzer % 7| grip A}o]2] #a], DL&
YEol g o7tz FAA gripzte] A2 g Jehich

o BEY FEEIE 53

T FAE A2 AdE M4 BEL AUEET S0%2 AP 2

Z gz 482 WA WE F2 FFL 2N og,
ASTM E96-90 E& Al @ H69o)| we} cup methodE o] 43l £F7] Exr e
ZAsAc old cup2 719 ¥&¢ FAE) Y DY O-ringg A
Zen, 7ol 67 cm, WPol 46 cm, Hol7k 21 cm? poly (methyl
methacrylate) (Piedmont Plastics, Inc., Greenville, SC)A| A &, cup U ¥o] ZF 4
€ WL ol WEOoR W F, 8719 AAY gL AL A £Hoz
R, ¥z ¥4 Qe 49 GAE 24 B71We $£F717 AH 4.6 cn
o 4% HEFTE FHAMT YR2 o|FIHEE Yt o Auss=s}
S0%% ZAE 25T &2 g&zol BX3AA, ojnf WE2L B¢ cup W)
Fo #3719 olFel 71A¥ cupe] TA FAE ZFsY Az we



cupel 24 #4ae FAZRYH cupy AR E FA #2E&E& FIHIYG
4% 7] T 3}-8(water vapor transmission rate, WVTR)2 2}(4)8} o] cupe A
ol @2 FA Z42EE Wi Y22 Yol FiRLY, o] 571 F
NE2HE g3 4B)E ol88d ¥ F 3 X (water vapor permeability, WVP)
g Fay

_ Slope
WVTR = e 4(4)
WVP = WVTR( Lp) 4(5)

oldl, 4(4)ol A9 sloper= Aol W& cupe] FA FA &L, film areas
F olFo] dojux e "UEY HolE Zan, AN L& HEY H
7 54, tpt HEE Atolel & cup R} 59 #3571 FELY Alolo]
o,

£ SR F374E UEY R TR Al AE F
718l Aol g P McHugh 5693 Park 579 wfol wa}t A3t

ol FEEINLTo BAgh(water vapor permeability by correction method,
WVPC)o 2 et

2}, £33 £ ( water solubility ) &%

FEEHE 2L AY 298 A8 %1 g8 25m 25 cmeE B
% o]& phosphorus pentoxide® AHFE7} 0%2 2Hd desiccatordl] 72413t
FAEtd WES AEAHG. dxE BEANE 20-30 mge H 3| Y Fsto
1o ¥ FHRTE S mLrd 3 AR E Y/ g o] 25C

>

ol g



of AgFzo P 24 A AEo2 AGAZh &Y | mLE e}
o o] YA E(12,000 rpm, 5 )3t BERHAEAL AAT FHY 20 L
& # &} Bradford }66& o] &3t 595 nmol| o] FFEE =43t bovine
serum albuming o} &3t T BFEAo2RE &Hd d¥A FFE 7Y
o gt "EY 9¥F F FHF LaE ode] HEgR dehy
Ak,

of MEZY

Yo M= MaH (CR 300 Chroma Meter, Minolta Camera Co., Osaka,
Japan)Z o] &3l ZAsUct. FE A8y E & ) A H(calibration plate
CR-A43, L=9591, a=0.00, and b=2.27) 9o =3 33 =3I HF S Hunter
L,a € b2 UEHAT A7ldlM L2 M9 Br7|E& et Rezg L=0
(black)ol| A4 L=100 (white)7k2]9] 4§ 7FAIH, a g2 Mo HY= g Yetle
Ao 2 a=-80 (greenness)o|A] a=100 (redness), bgtS FATE Yelys Ao
2 b=-80 (blueness)oll 4] b=70 (yellowness)?] & YE}lWT}. o]5 Hunter L, a
2 pgteziE FEWAMmol Axi(total color difference, AE)?} TR F
(yellowness index , YD)E t}2 3 o] F3¢cl.

AE = V(L-L)*+(a—a ) +(b—b")? 2(6)
YI = 142.86 x - A(7)

ojuf, L, a ¥ b2 FEFNMmel gHL=9591, a=0.00, and b=2.27) <t
o}



v} B %9 ¢ (Opacity) &3

Ugeo E5YSE WES 07 em X 15 cme AZgoz & F o
Atzbel £FRHE MY celld ¥ FF ggol 2RI ERENA
(Uvikon spectrophotometer 922, Kontron Instruments, Italy)E o] &3t 400-800
nm H}FFH FE FAANINEA olde] FFT ZAHsUY. g 5

T 7189 ¥¥x JMo dHo2 Ao nmmx0D.o @92 YE
W At

AL EAH 2

SAS(Statistical Analysis System) ¥ A package$E Al&3lad A 24 2
Duncan ©¥ 9] 72 ZF(Duncan's multiple range test)2 A A3} t}.
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AE gFE, o, FEEE 2 ojsy 9 ¥
= Table 1-2¢] Y ERHA
Az e Futo] A9 8 388%9 YL FF 152%F FHH o
o gl FhaFe] 19.6%2 A ole AE FFY 426%E X} o} 2
Sy 332 Btk AEETY 2 124%9 ©ud #Fe won &
FE XAE gFEo] 767%2M & FFE EAT ¥H giFd,
frEeze 9y 5L WA Zo A4 712%, 67.3% R 9%
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Table 1-2. Chemical composition of soybean meal, rice wine meal, whey powder

and their protein concentrates.

Soy bean Rice wine Whey
constituents Soy bean SPCY Rice wine RPCY Whey WPCY
meal meal powder

Moisture 8.4 6.4 38.8 6.2 2.7 5.5
Crude protein 43.4 71.29 19.6 67.3% 12.4 66.2%
Crude lipid 0.4 0.8 2.0 25 0.2
Crude ash 5.9 59 1.1 5.7 1.8
Carbohydrates 419 15.7 234 76.7 26.3
Alcohol - - 15.2 - - -
Yield 24% 16% 7.2%

“Soy protein concentrate, PRice protein concentrate, "Whey protein concentrate
“Calculation of protein content = N(%) x 5.71,
*)Calculation of protein content = N(%) x 5.95,

“Calculation of protein content = N(%) x 6.38
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Fig. 1-4. The effect of pH on the extractability of nitrogenous constituents
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FZ& 89 pHE 223l HF AZ A FAE2 Y4HE FHozRH

€ 328 W] F28L FE899 pH/Y T4 (PH 7009 9 352%
7t 5o 7HE dton ddelyd B IHYTE FE80] FUkEg @
Ao FAHEel <o &HHHE glutelino] FHE=ZZ pH 120¢ o
45.6%7F FeHo 7t ¥ Fo 9 F2&E Y F& 4
o] pHo| W& F&89 #ol7} 104%E B FutozRE wwade 259
W F28&0 nlAe F&8&o] pHO FE 128 32X ¢ Aoz Yeiud.
a4y FE8uie] pHE 122 ZFHIYE 79 uldy 4z /8229
Sz Ul I FHEY DHATFo] PolAH o]FHs} WdAslng
2 AFgNE yFIuRe] $52 pH 11094 gagch

r:l

ZdA o] ofulxil 2AJul= Table 1-30) et A 728 3
A % tryptophan, cystein, methionine 59] o}ujxAtS H3En g2 Aol =)
sty dFgwiAe A9 glutamic acide} aspartic acid®] & ol
20.7%% 7.1%2A A JEWt &3 9L glutamic acide] ¥ ko]
16.7%2 7t3 &A JElton, leucined lysine o] Zzt 9.1%%} 9.7%2 =
< 32 worh 28y alactalbumin, b-lactoglobulin ¥ bovine serum
albuming] o}n =4t ZA9] 24z} 102%, 17.1% 2L 94%2] £& REL 337
8t=*) aspartic acide 4.8%2 P& @< B = gwlA e glutamic acid,
leucine ¥ valine®] FFo] ¥ Ao YehgEd, ol 4 UA 80%T
AR e gz §8A4 A gluteline F o]E oluxile] g3 §
freol Qed 71T,



Table 1-3. Amino acid composition of extracted protein concentrates.

Total amino acid contents (%)

Amino acids
SPC? WPC? RPCY
Alanine 33 29 3.7
Arginine 4.9 24 4.9
Aspartic acid 7.1 4.8 6.2
Glutamic acid 20.7 16.7 14.3
Glycine 4.9 2.8 5.7
Histidine 3.6 3.1 3.6
Isoleucine 5.4 5.8 6.1
Leucine 6.8 9.1 7.8
Lysine 7.6 9.7 53
Phenylalanine 6.6 6.0 7.1
Proline 6.2 7.7 5.1
Serine 6.2 6.6 6.1
Threonine 4.7 6.2 5.6
Tyrosine 4.6 53 6.9
Valine 5.0 6.5 7.6

Soy protein concentrate, ?Whey protein concentrate, YRice protein concentrate,



gt FE&ddo o]z u 3 A v|A= pHY HEg
1) 88x

dztel &Y s Axd dFIEA v T oWl $FEEL
Aez 3o 7H48 &S Ax¥ o pHoll & d¥de] LHEE ZAME
o Fig 1-5¢] JellAch. diFa93d 5529 &3zt SHH $2<A pH
4-5 B2olA 16 - 20%2 AHe £HHA Fgpon olziE WEL A pH
7} ol A Y Eoldol wel WE9 Ll FAS FUiste pH 2018 &
85%9] “uldo] gaiEqen] pH 7ol E 90%0)4e] Ty o] &&iso] of
Fowa 3589 fxE pH 279 %M &9 pHel A IZ& ¢
o pH 70]4ol e pH7E Eobgol wet dAH oz Frhste AgE Je
ol dEdAd 8] pH7t 224 Y dols &8 =7t pHe 4 A
HA ¥e Ao Yeiwth 3 TH AL pH SAA 5.1%7F §aso HAA
BHon fojo} pH7t Eot el wet F7ksted pH 10 o]l A& 90%0)
4 g8 = At

fijy

LA

Furdadel A =3 FHF 32 pH 45 B 2M &8st 7MY @
fou 214-22.1%F =7t S diFdyFely FAGRAN g g
TARMAMNY SHES Bt WELAY pHIE BolAY oty wet
o g8lze F7t3td pH 200X 70%9 dydol &AL pH
ool e Gl Aol 98%7) &3 HUc.
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100 -
80
)
S 60}
2
B
% 40 |
(75} —O— SPC
-0O- WPC
20 + -A- CPC
0 N " " 1 " J_
2.0 4.0 6.0 8.0 10.0 12.0

Fig. 1-5. Effects of film forming solution pHs on solubilities of soy protein
concentrates (SPC), whey protein concentrates (WPC) and rice protein

concentrates (RPC)



2 vudel 7154 (FREFAF FAFFD)

Z2zte] pHE ZE WEPHEY 3 £3€ BT oA Azsd oS
o $2§+A%} #XEFAL 23Y ANE Table 1-40] vhehpgich. olof
92w 2t7te] pHel §el€ BUAS L £EFSHS olg nolm glom
Wil 714 Esom Fu guwdy
Bar @8 §AF

Table 1-4. Effect of film forming solution pH on water absorption and oil

absorption of protein concentrates

pH?2 pH 4 pH 6 pH 8 pH 10 pH 12
Water absorption (%)
SPC 11.3 329 28.6 38.8 33.6 333
WPC 65.7 484 279 20.7 12.0
RPC 53.0 158.0 59.0 23.0 434
Oil absorption (%)
SPC 35.7 13.5 51.8 552 532 40.6
WPC 75.6 106.8 40.6 101.7 68.4 394
RPC 60.9 56.2 111.4 117.6 47.6 512




3) A7149%F 54

8ol pHol @e 52 gwase ¥79% ABE Fig 169 U
o FRUAZRH $2@ dTudde] A 2R WAk 150 kD, 100
kD, 80 kD, 76 kD, 63 kD, 48 kD, 39 kD, 33 kD ¥ 30 kDol| A4 band7} }E}
AzA @84 wuAol 2550 U Frldse WEA

g AL 39 kD, 29 kD, 18.5 kD, 14 kDol A gjado] QY o
% 185 kDolA uzE dwE2 {3 dulAde 62%E AAdde B
-lactoglobulino] o ©a| o] F-lactoglobuline 3}}2] f2 sulfhydrylz} o} 574
o) disulfide”1 & 7FAm Ao+, =& 14 kDol A Tad wAe FAGYA
9] 25%%& xR 8l o -lactalbumin© 2 o)== y|7lel disulfide bondE 7} F
3 chwl Aot} g-lactalbuming calcium® w3 AFst HA & <A
3 He Aoz 2agn g’

FuozHy 2% wwae Ex ¥9st 50 kD, 39 kD, 30 kD, 22
kDol A} ©hul do} &gt §ojo pHll mat 2 @y ol bandE YERY
T T2 g 2 aolE RBolA ooy, &ujo] pHel wel @A
£ =7 G222 bande Z = pHel wat & o]E BAY



Soybean curd meal protein

.(' . N e PRIV NP
MW pH2 pH4 pH6 pH7 pH8 pH9 pH10 pH 11 pH 12

Fig. 1-6. Sodium dodecyl sulfate polyacrylamide gel electrophoresis patterns for

protein concentrates at various pHs



Whey protein
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Fig. 1-6. Continued



Rice wine meal protein
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Fig. 1-6. Continued
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4) Gel permeation chromatography (GPC)ol 9% A3 £X

dr195e AdlAE BEYHEA pHl we B9 gAY BE
£ ¢ +& Atk Wb YEYHEAS pH 83 pH 1022 2W3RE o
2t7be] pHol 8418 ¥30¥AY P4 LS GPCE ol §3te) 23 2
g Fig 1-79] Gehigich olol w2 pH 100] $aie Bede 2AF &
271 pH 8o gal® YuWART § LEA BoE PEHL UST ¢ 4
otk 5% pH 10014 $3® ©9AL columnel void vome AF EYuj
gz gaol gt ot L2 o unfoldg BHASO HE 37|
A ol vhA AREAAY YFSHE ROB AU,



80 | Soy protein concentrate
6.0 I

40 |

0.0 .
- Whey protein concentrate

8.0 | o8
—— pH10

6.0 |
4.0

Protein concentrate (%)

0.0 1
8.0 I
6.0 ~
4.0 I

20

0.0 1

Elution volume (mL)

Fig. 1-7. Gel permeation chromatography of protein concentrates (RPC) on
Sephacryl H-300.

The column (1.9 x 70 ¢cm) was eluted with 20 mM Tris buffer (pH 8) and 20 mM glycine buffer
(pH 10) at a flow rate of 25 mL/hr; 2.5 mL fractions were collected. A: Apoferritin (M.W.
443,000), b: Bovine serum albumin (M. W. 66,900)



2. F299AE o] MHHEEEY A2
7h dE &4} pHY 2E9 FF
D) oiFadd 98

FEHozie 23 Gl g ojgsld AL UES AxE o WEY
gl pHet &% & HWEY 7|AH E54& Table 1-50] Yetiich
YE 89 pHE Zdslo 7HA4 HEE A2 A pH 6ol5tex] UEH
de MEHYE Pl THAY FIA £H8=HA F& YAE] OF A
dted o] WHol pHE "ELYoR HPea XAt WEEHE pH 6.0 -
pH 11002 ZAsn 4zt pHAA 9 7184 @8 3EE 60T, 70C 2 80T
o 252 Jlgaitst Az HEEY FAT 844 - 957 imolYt. ol &
YES JUSE 50%AA 48AEST AFY F £ Y UFBEE
Neglg pH 803tz ZAHstE 60T 71G3ty A= WE9 A 20
MPaz2 A HAAE Jepd oyt pHS 2x7F F7H8d w2t F71ste] 80T
ol pH 10 o] o2 ZHsH AH24YE wols 34 MPa2 A HARAE 4
EhiUTh ol HEPA LY pH/F STHAHAATH HojAan =7} ol
Jo] izt AL WA= unfoldn §HH B2 sulfhydryl?) 9} A543 7]
So] 92z n&Fo] AzA disulfide AFolt A2FAFH 3 M=
A%a7) Qo AFES] 2S¢ YELAE 60T 70CE 73 A%
% YEEL 70ToA pH 112 A WEL Addstas AGEo] 451 -
66.1%2] W92 M2 F4AHp>0.05)F Holx] ARAT WEFLHY 7Hdex
2 80CZ EHE Wole 60T R 70CAN Az WEHT VP F9
Hog Z7tste] pH 7 - 109] FHA 90%e] o] AFES BT



Table 1-5. Effects of pH and temperature of film forming solution on mechanical properties of soy protein

concentrate (SPC) films prepared from soybean meal.

Thickness Tensile strength Elongation Break energy
Temperature pH (um) (MPa) ) (/)

pH6 948 + 829 20204 521 & 10.5% 483 = 11.2°

pH? 932 + 16.7 20 + 0.3 52.8 + 134@ 483 + 86'

60°C pHS 95.7 £ 91 23 z 03 45t z 100 46.6 = 6.6
pHO 955 + 103 24 & 0.2 516 + 86* 536 £ 1.5

pH 10 933 £ 121 2.7 + 0.4 485 £ 12.1* 571 £ 93¢

pH 11 948 + 97 3.0 £ 03~ 535 + 10.2@ 745 = 16.3¢

pH 6 893 % 10.5 2.1 % O.1I¥ 596 + 83% 575 2 9.0¢

pH7 909 + 120 23 + 0.3% 543 3 12.7¢ $76 + 69

70°C pHS 940 + 134 25 % 02% 62.0 + 10.8% 68.7 £ 12.3%
pHS 933 £ 135 2.7 & 0.2% 66.1 = 15.1° 80.7 + 12.6¢

pH 10 90.5 + 154 30 & 04> 60.2 £ 10.1% 818 = 10.1¢

pH 1 950 = 95 32+ 03* 784 % 171 1125 = 24.1%

pHé 91.9 £ 12.7 24 + 04 752 % 14.5*% 779 + 14.8¢

pH7 961 + 83 2.6 & 0.3%% 939 + 17.7* 1018 £+ ¥

80 °C pHE 844 x 100 29 & 0.4 90.2 & 17.0% 109.0 + 13.2%
pH9 921 & 55 31 %03 99.3 = 10.1* 120.6 + 24.3%

pH 10 915 + 13.9 34 £ 03 972 £ 93¢ 129.1 + 181"

pH 1 871 £ 92 34 08 820 x 9.1 117.0 + 13.9%

"Means + Standard deviation (n=10).

wedelebSunerseriptive letters in a column indicate significant difference at p<0.05 by Duncan’s multiple comparison.



45& H49d¥ d7A 229 oY AQ) breaking energy E 3 pH 8] &} ol A]
60C2 7tg3ted AZF WEL 466 kMo 2 HAXNE Hgon WELY
o pHe} %7} F7bgto] wz} break energyE @ Z7tste] 80T, pH 106)4
129.1 kIm’Z HAFE Bt

¥ FEFHAEE Table 1-60] Yehd uig} o] WELYe] pH © 2%
o wal fFoAg Holx ¥ow 0.58 - 0.68 ngm/msPar$je] YAF e
Ueto] BEEHe] pHE 6 - 122 Z2H3YS o TIPS 25
FE& pHY ¥stel] BAlel YBsHTHE Gennadios 599 B 1ot U7
A3E B

S

, HF2Ede Az 582 FHolu Futdydd) v pHe gL
2 e AL YegEd ol UES AZYH pH P uFauze
AHo2 & BIAEE B pHol A &3z F3o] ax g 7]

2 AIEHH, B d7dA dFadad gE4de pH 1008 2
data 80CE 7ME3tge o 7HF ¢4 A A AY 8¢ Az
: Ro g2 HIEU



Table 1-6. Effects of pH and temperature of film forming solution on water vapor

permeabilities of soy protein concentrate (SPC) films

Thickness wvp," WVP

)
(um) (ngm/m*s-Pa)  (ng'm/m’-s-Pa) Error’

Temperature pH

pHo6 826+ 239  0.64 £ 0.05 1.18 £ 0.14 54%
pH7 804 19 0.66 £ 0.05 129+ 0.19 51%
pH8 806 13 0.64 £ 0.01 1.21 £ 0.04 53%
60 °C pHY 833+ 33 0.68 + 0.04 1.29 + 0.08 52%
pH 10 849+ 53 0.65 + 0.03 1.20 £ 0.14 55%
pH I 822+ 0.1 0.62 £ 0.07 1.14 £ 0.23 55%

pH6 804+ 3.6 0.65 £ 0.04 1.24 £0.11 53%
pH7 818 56 0.65 + 0.05 1.24 £ 0.24 52%
pH8 86.5 £ 15.1 0.65 £ 0.12 1.15+£0.23 56%
70 °C pH9 838+ 78 0.66 + 0.04 1.21 £ 0.07 54%
pH 10 866+ 94 0.66 £ 0.03 1.19£0.11 55%
pH 11 873+ 58 0.65 + 0.01 1.16 £ 0.08 56%

pH6 899+ 76 0.67 + 0.06 1.21 £0.17 56%
pH 7 854 £ 2.0 0.66 £ 0.04 1.20+0.14 55%
pH 8 83.0x 69 0.65 £ 0.06 1.19 £ 0.14 54%
80°C pHS 858+ 20 0.64 £ 0.05 1.15+£0.15 56%
pH 10 789+ 48 0.58 £ 0.03 1.04 £0.13 56%
pH 11 808 + 48 0.61 + 0.05 1.08 £ 0.11 56%

"Water vapor permeability calculated by ASTM method.

DWater vapor permeability calculated by correction method.

DError = (WVP,/WVP)x 100

“Means + Standard deviation (n=4). No significant (p<0.05) differences were detectec

among WVP means by Duncan's multiple range test.
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Table 1-7. Effects of pH and temperature of film forming solution on mechanical

properties of whey protein concentrates (WPC) films prepared from whey powder

Thickness Tensile strength Elongation
Temperature pH (um) (MP2) %)

pH 8 66.8 + 6.4 69 £ 0.68 3.9 + 1.9

pH9 834 £ 33 79 + 09° 32 = L.I°

60T pH 10 81.0 £ 4.5 9.4 x 0.3 47 + 1.1°
pH 11 763 = 43 9.9 + 0.7° 40 = 0.8

pH 8 799 £ 5.1 6.7 + 1.6¢ 2.7 £ 1.9

pH9 1074 £ 77 85 £ 0.1% 45 = 1.8

70T pH10 843 & 37 9.3 + 0.8t 38 + 0.8
pH 11 86.1 £ 17.5 9.7 + 0.9 3.5 + 0.9

pH 8 852 £ 4.7 7.8 £ 0.3 46 + 0.4

80T pHY 93.8 + 84 82 + 0.6¢ 9.8 + 6.6°
pH 10 847 £ 72 9.0 + 0.2 52 + L

pH 11 84.7 £ 14.6 9.1 + 0.7>* 83 % 6.6°

pH 8 89.0 £ 6.0 85 £ 0.7% 4.1 £ 19

90T pH9 872 + 438 9.1 £ 0.4 49 + 1.4
pH 10 80.1 £ 9.0 100 £ 1.0® 43 £ LI®

pH 11 943 + 22,0 9.2 £ 0.6™ 40 £ 1.0

"Means + Standard deviation (n=10).
sbedeliSuperscriptive letters in a column indicate significant difference at p<0.05 by Duncan'

multiple comparison.
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Table 1-8. Effects of pH and temperature of film forming solution on water vapor

permeabilities of whey protein concentrate (WPC) films

Thickness WVP, Y WVP2

Temperatwre ~ pH (um) (ng: m/m’fs-Pa) (ng: m/mfs?a) Error®
pHS 673+ 8.1 0.41 £ 0.03° 0.64 + 0.03¢ 36%
pH9 808+ 1.0 0.50 £ 0.01%% (.78 + 0.02%¢  36%
60T pH 10 799+ 4.0 0.49 + 0.03b4 0.76 + 0.08%  36%
pH 11 98.0 + 10.1 0.61 + 0.09 0.96 = 0.19* 36%
pH8 699+ 12 0.44 + 0.03% 0.70 £ 0.07%  37%
© pH9 90.8 + 18.7 0.56 + 0.14** 0.89 £ 0.23%  36%
70 pH 10 829+ 27 0.50 £ 0.05%%* 078+ 0.10™  35%
pH 11 748+ 5.1 0.47 £ 0.03% 0.73+ 0.07%  35%
pHS 888+ 42 0.55 £ 0.06*~ 0.86+ 0.13%  36%
pH9 888+ 5.1 0.59 £ 0.05% 0.95 £ 0.09* 38%

80C
pH 10 819+ 03 0.49 £ 0.05>* 0.75 £ 0.11%  35%
pH 11 720+ 79 0.45 + 0.06% 0.72 + 0.13% 36%
pH8 865+ 4.1 0.52 + 0.05%%* 0.80+ 0.11%  35%
© pH9 822+ 3.7 0.48 + 0.02%* 0.73 £ 0.03*¢  34%
%0 pH 10 97.1% 198 0.55 + 0.10°> 0.82+ 0.15™  33%
pH 11 86.5 + 12.1 0.54 £ 0.07* 0.86% 0.10%  37%

UWater vapor permeability calculated by ASTM method.

DWater vapor permeability calculated by correction method.

YError = (WVP,/WVP)x 100

“Means + Standard deviation (n=3). No significant (p<0.05) differences were detected among

WVP means by Duncan's multiple range test.
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Table 1-9. Effects of plasticizer on mechanical properties of whey protein

concentrates (WPC) films prepared from whey powder

Plasticizer Conc:«;,t)mﬁon Thickness Tensile strength Elongation
(pm) (MPa) (%)

0.3 789 + 8.8" 64 + 0.2¢ 242 + 484

Glycerol 0.4 817+ 7.8 2.6 + 0.28 384 + 6.0°
0.5 874+ 97 26 + 0.28 37.8 + 3.1°

0.3 739 + 14.8 13.8 + 2.3 22 + 048

PG 0.4 715 + 4.7 156 £ 1.7° 2.1 + 0.38
0.5 732 + 8.7 15.8 + 2.6° 2.1 £ 048

0.3 83.1 + 12.1 7.3 + 0.8¢ 10.5 + 2.6

PEG 200 0.4 83.1 + 18.8 38 + 0.2 234 + 4.8¢
0.5 918+ 75 24 + 028 34.6 + 3.4%

0.3 83.1 + 134 7.3 + 0.44 45 + 2.3¢

PEG 400 0.4 835+ 79 4.9 + 0.3¢ 94 + 1.1If
0.5 117.5 £ 259 3.5 £ 0.2 11.8 + 0.7

0.3 76.3 £ 14.4 9.6 + 0.2° 16.4 + 5.6°

Sorbitol 0.4 86.5 + 10.0 6.8 £ 0.3¢ 283 = 3.6¢
0.5 88.3 + 10.5 4.7 + 0.2¢ 32.7 £ 9.0°

"Means = Standard deviation (n=10).
rbedeleSuperscriptive letters in a column indicate significant difference at p<0.05 by Duncan's

multiple comparison.



Table 1-10. Effects of plasticizer on water vapor permeabilities (WVP) of whey

protein concentrates (WPC) films prepared from whey powder

Plastici Concentration Thickness WVP
asticizer (%)
(pm) (ng'-m/m*s-Pa)
0.3 73.6 £ 6.1" 0.57 + 0.05™
Glycerol 04 81.1+ 74 0.67 = 0.04*®
0.5 855+ 5.0 0.70 £ 0.06*
0.3 683 + 84 0.37 + 0.06%
PG 04 726 £ 1.7 0.36 £ 0.028
0.5 743 + 8.8 0.40 = 0.06%
0.3 78.1 £ 9.2 0.51 = 0.05%
PEG 200 04 83.0 = 12.8 0.53 £ 0.11«
0.5 852+ 55 0.57 £ 0.05%
0.3 739+ 59 0.51 = 0.04%
PEG 400 04 826 = 10.5 0.51 + 0.05%
0.5 877+ 7.1 0.58 + 0.06™
0.3 697+ 54 0.42 + 0.04°
Sorbitol 0.4 793 + 49 0.48 + 0.02%¢
0.5 789 + 4.1 0.52 + 0.08%%

YMeans + Standard deviation (n=4).
abedeeQuperscriptive letters in a column indicate significant difference at p<0.05 by Duncan's

multiple comparison.
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Fig. 1-11. Sodium dodecyl sulfate polyacrylamide gel electrophoresis patterns for

soy protein concentrate (SPC) and fractionated soy proteins.

A: SP-R3, B: SP-RIF3, C: SP-F1, D: SPC
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Fig. 1-12. Molecular weight distribution of soy protein fractions determined by gel
filtration on Sephacryl H-300.

The column (2.0 x 90 cm) was eluted with 20 mM borax buffer (pH 10) at a flow rate of 18
mL/hr; 1.8 mL fractions were collected. a: Thyroglobulin (M.W. 669,000), b: b-amylase (M.W.
200,000), c: carbonic anhydrase (M. W. 29,000)
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Table 1-11. Amino acid composition of soy protein fractions and soy protein

concentrate (SPC)
Total amino acid contents (%)
Amino acid
SP-FI" SP-RIF3? SP-R3? SPCY

Alanine 3.5 3.0 2.8 33
Arginine 47 4.7 49 49
Aspartic acid 6.5 7.9 7.9 7.1
Glutamic acid 214 22.1 22.7 20.7
Glycine 5.5 4.6 43 49
Histidine 39 33 3.1 3.6
Isoleucine 5.1 5.4 5.5 54
Leucine 6.1 6.7 7.2 6.8
Lysine 8.6 74 6.7 7.6
Phenylalanine 5.7 6.2 6.9 6.6
Proline 6.0 6.3 6.0 6.2
Serine 5.8 6.0 59 6.2
Threonine 4.6 43 3.9 4.7
Tyrosine 43 44 4.8 4.6
Valine 5.0 5.0 52 5.0

SPC filtrates of the 100,000 cutoff size membrane.
3SPC retentate of the 100,000 cutoff size membrane but filtrates of the 300,000

membrane.

9SPC retentate of the 300,000 cutoff size membrane.

“Not fractionated soy protein concentrate.
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o A ANEYY £REHE

Foua FEE 22 Az U89 7iAA SHE SAHsn oE
Table 1-120] £ 83x] ¢S diFgNd2 Az Y574 sty Yehdd
. old o3& A5 dRF EaFgo] Z4EF Az ¥ JAJAE
9 NAEL Frhste Ao 2 Jehgt. Okamoto®dE 11S9} 7S ©uld 2 g
22 8¥ soy protein-lipid W& AZ% A 11S BfAZ A=3 P9
AZAZE7E o 238 E}uin Busgen olx 11S g Ao disulfided &
#4350 759 v# ¥7) WEOMCR MYt Yang 5 ReluTu
Hoj11Se}t 7S B YE S A 23l casting Yol Q& WEe Az A 11S
2 Az FEY dFB=Y AFEo P RuEHPon ol T
Y29 FAFH A UASE AAEAG B A7 xR "E V)
AX EA3e] BAE methyl cellulosed &3 hydroxypropyl cellulose & 9]
NPTt G g0l BaFo]l Al wet F7hdoE Park 70 w1}
TIY 2%S Bolx A @A FYE F SP-RICE AxF FEY
AZEE 34 MPag Hd 253 & vl Az g9 APAx
(32 MPa)Rth & Aoz dewon AFELS YFdHA2 Az IYE
o} 1109%=2 222 AzxF FERT £2 ez Yeiydg. dd o5
break energys SP-FI < SP-RIF3 < SP-R3 < SP9} £ 02 Z7139 1t whd o
o] FEFH/TE Table 1-130] Vet wio} o] whula ol ¥xjdz B
o] 0.46 0.49 ngm/m’sPa] Y E BHE FYxP > 0.05)8 Ho|x &}

rlr
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Table 1-12. Effect of molecular weight on mechanical properties of soy protein

concentrate (SPC) films from soy bean meal

. Thickness  Tensile strength  Elongation Break energy

SPI fractions (um) (Mpa) (%) (k/m?)
SpCY 716 £ 4.9 32 £ 02° 1109+ 62 154.1 £ 10.0°
SP-F1? 66.5 + 5.6 1.6 + 0.1° 51.6+ 9.4° 346+ 6.6
SP-RIF3% 70.5 £ 3.6 24 £ 0.1° 515+ S.1° 53.8+ 74°
SP-R3% 728 +49 34 £ 0.2° 73.5+ 6.2° 1149+ 9.5°

YNot fractionated soy protein concentrate.
ASPC filtrates of the 100,000 cutoff size membrane.
3SPC retentate of the 100,000 cutoff size membrane but filtrates of the 300,000

membrane.

ISPC retentate of the 300,000 cutoff size membrane.

~b<dSuperscriptive letters in a column indicate significant difference at p<0.05 by

Duncan's multiple comparison.
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Table 1-13. Effect of molecular weight on water vapor permeabilities (WVP) of soy

protein concentrate (SPC) films from soybean meal

. Thickness WVP,"” WVP2? )

SPI fractions (um) (ng'm/m*sPa) (ng-m/m’-s-Pa) Error
SpC? 67.7 £65 048 £ 0.04 0.83 £ 0.06 42%
SP-F1¥ 61.5+30 0.46 + 0.02 0.83 £ 0.06 42%
SP-RIF3® 686 £ 36 0.49 £ 0.02 0.85+ 0.06 42%
SP-R3” 659+ 1.2 0.47 £ 0.01 0.80 £ 0.03 42%

DWater vapor permeability calculated by ASTM method.

DWater vapor permeability calculated by correction method.

) Error = (WVP-WVP,L)/WVP)x 100

“Not fractionated soy protein concentrate.

9SPC filtrates of the 100,000 cutoff size membrane.

9SPC retentate of the 100,000 cutoff size membrane but filtrates of the 300,000
membrane.

NSPC retentate of the 300,000 cutoff size membrane.

No significant (p<0.05) differences were detected among WVP means by Duncan's

multiple comparison.
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Fig. 1-13. Protein solubility of edible films from soy protein concentrate (SPC) and

fractions.
SPC: Not fractionated soy protein concentrate, SP-F1: SPC filtrates of the 100,000 cutoff size
membrane, SP-R1F3: SPC retentate of the 100,000 cutoff size membrane but filtrates of the

300,000 membrane, SP-R3: SPC retentate of the 300,000 cutoff size membrane.
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Table 1-14. Effect of molecular weight on opacity of soy protein concentrate (SPC)

films from soy bean meal

. Thickness Opacity
SPI fractions (um) (nm O.D.")
Spch 723 £ 2.1 639 + 46
SP-F1? 827 + 9.3 784 + 46°
SP-R1F3% 79.0 £ 5.6 758 + 1.5°
SP-R39 84.0 £+ 2.0 609 + 56°

“Optical density.

Not fractionated soy protein concentrate.

3SPC filtrates of the 100,000 cutoff size membrane.

“SPC retentates of the 100,000 cutoff size membrane but filtrates of the 300,000

membrane.

9SPC retentates of the 300,000 cutoff size membrane.

**Superscriptive letters in a column indicate significant difference at p<0.05 by Duncan’s

multiple comparison.
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Table 1-15. Effect of molecular weight on color value of soy protein isolate (SPI) films from soy bean meal

SPl fractions | Tickness L a b AE I
(pm)
Speh 652+45 8822%121* 068006 1306%009 1329+070° 21.16 £ 0.30°
SP-FI? 805+ 1.6 82754298 .063024° 17992027 2061+ 177* 31.08+ 1.07
SP-RIF3” 70709 8600+232* 0541039 13782010° 1527+ 154° 2291 066"
SP-R3% 666 £24 8570+ 1.00® -046+0.18 1135+018 1369+ 064> 1891 +0.14¢

'Not fractionated soy protein concentrate.

MSPC filtrates of the 100,000 cutoff size membrane.

YSPC retentate of the 100,000 cutoff size membrane but filtrate of the 300,000 membrane.

“SPC retentate of the 300,000 cutoff size membrane.

~*+~4Superscriptive letters in a column indicate significant difference at p<0.05 by Duncan's multiple comparison.
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g 2 9¥e VAL Aoz dEwd. F, &LYe pHI 5.0 o))
A& o WELA A3 (gelation)7t Aot fH2 o] ¥& 71 AN ew,
pH 607 7.0 ZSole &8 T 9829 d g7t 43 dojux]
ot A7t S,

7baA 2 glycerolS 0.1 g/g WCME] Fx 2 H7I8IUE dols & Y
7 ORMAZ AE AEE dEdY Z1AAR dAds 238 ¢ duen,
glycerol 0.2 - 0.4 g/g WCM FF A= pH 10.08 11.09] A7k, glycerol 0.5 g/g
WCM FEddlAl& pH 11004 BES 7[A3 43E& 338 & A
a A3, g9 YFZE=E "Eol 4™ pH FFA glycerold] FE7}
0.2 g/g WCMolA pH 10 o 7} = (6.3 MPa) YElton], #¥Ad d
o AFES EF 50% ooz veyd. Iy QFZ = A of &
e dvryog FEQ 7IAH J42 &3 AFZEQ 10 MPadll& =LAl

ol Rate Aol

7bAAZM PEG 4008 F2H2Z H/59e A4S 05 gig WCMe 5%
+Z& AYslne 2F pHE 70 ooz zAd3ld YEol HAYHUL
a2 A3, 389 AAZEE PEG 4008 0.2 g/g WCMe &2 Mrtsln o
£8YE& pH 9022 2H&HUE W 7bY =4 (123 MPa) YElRtt. 2,
PEG 400 7tAAZ A7 Z¢ HE 3709 HFoM ARz Hog
o] 10 MPa o]2& HAA L olmje] AFEL UF 2R (21 % |3 Aoz
et ot
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Table 1-16. Effects of film solution's pHs on mechanical properties of the films made with

40% whey powder and 60% sodium caseinate

Plasticizer conc. H Thickness  Tensile strength (MPa) Elongation (%)
(g/s WCM) P (pm) Mean Range Mean Range

Glycerol 02 4-9 - .
10 1003+6.0Y  6.3+0.7 51-75 84.5£109  70.9-102.8
11 100.0£11.0 4.2+0.7 32-56 153.6+23.3 118.3-188.3

03 4-9 - - .
10 114.0£193 28404  23-32  120.7£13.6 107.6-139.5
11 113.1£75 44203  39-47 1449123 131.8-154.4

04 4-9 - - -
10 1166£3.6  1.6+0.1  1.5-18  1347+78 125.1-142.4
11 11472132 15802  12-18  1369+132 129.5-160.4

05 4-10 - - - -
11 1217t 52 1.6 05 16-17 170.2£23.7 153.4-187.0

DMeant standard deviation
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Table 1-16. Continued

Plasticizer conc. Thickness  Tensile strength (MPa) Elongation (%)
pH
(g/g WCM) (um) Mean Range Mean Range
PEG 400 0.1 4.6 - - - - -
7 122.7£ 2.6 7.4£1.6 53-97 1309 03- 29
8 111.9+6.0 7.0£23  4.1-114 2.1£27 02- 88
9 95.6+14.1 6.2+0.8 51-72 109.1£30.9 56.3 - 143.9
10 92.6+14.1 4.9+0.2 4.7-5.1 119.6£12.9 104.7-127.3
11 101.2+ 5.7 5.3%£1.3 39-78 110.3+29.8 70.6 - 155.6
02 4-6 - - - - -
7 111.8+ 8.8 7.2+0.9 59-85 1.3+04 08- 20
8 103.1£ 6.2 7.9+429 29-125 09+04 03- 19
9 103.5+8.0 12.3+3.0 7.1-158 12¢07 04- 29
10 100.3+ 3.3 5.4+1.3 44-72 125.6424.0 95.6-151.6
11 104.4+£ 0.7 5.310.9 46-6.3 70.4+22.6 46.8- 97.8
03 4-6 - - - - -
7 155.1+13.4 6.2+07 .49-74 5.1£39 09- 115
8 126.9+ 3.4 5.5+1.8 35-94 32.2420.2  3.1- 626
9 121.4+£ 7.0 7.6x£1.7 48-96 12407 04- 29
10 116.1+ 6.0 4.0+1.7 22-76 88.1£32.2 7.9-116.2
11 105.1£ 8.0 7.1£0.4 6.6-76 5.1£57 2.0- 164
04 4-6 - - - - -
7 155.7+15.8 2.4+0.3 2.0-27 0.5+ 0.1 03- 06
8 138.8+11.3 5.0+1.2 2.8-64 1.9+ 1.3 0.5- 34
9 140.0+14.2 3.7£0.7 29-49 63.5£21.6 31.6- 90.6
10 135.7+14.0 3.6+1.3 25-6.5 66.8422.7 24.7- 94.0
11 133.6+14.1 3.2+1.3 20-63 128.3+47.7 57.3-185.0
05 4-9 - -

10 1128 89 72413 5.0-88 358 35 14- 138
1T 1178 95 73t07 60-87 66t 63 1.7- 218

"Meant standard deviation
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Table 1-16. Continued

Plasticizer conc. u Thickness 1 ensile strength (MPa) Elongation (%)
p

(g/e WCM) (km) Mean Range Mean Range

Sorbitol 0.1 4-10 - -
11 794 92 139t 63 53-22 06t 04 02- 13

02 4-9 - - -
10 1074t 66 9.6+£37 3.0-152 07t 04 02- 13
11 932+ 81 151t21 100-177 52¢ 19 22- 9.1

03 4-6 - - - - -
7 1191% 81 11427 6.0-15.2 198 07 08- 3.1
8 1155t 7.1 11.0£ 1.7 86-144 9.2+ 88 23- 359
9 1055t 133 88+ 13 73-120 68.1t 151 543- 983
10 1059t 93 87t13 72-108 609t 270 20.8- 96.5
11 107.0 175 59t 09 48-72 121.31 206 98.7-159.8
04 4-7 - -

8 1382+ 78 42t08 31-52 71.6t 139 49.2- 869
9 1188t 128 69t16 57-105 825t 241 500-1173
10 13741 11.8 62102 6.0-66 1155t 156 88.7-149.7
11 1520+ 167 5203 47-59 111.74 286 54.3-1385

05 4-7 - - -
8 1529t 76 39+04 34-46 101.8% 17.0 80.5-121.2
9 1257+ 112 43105 38-53 126.6% 166 100.6-154.2
10 126.1f 75 48t05 42-55 154.7¢ 205 1265-191.8
11 1281+ 33 35108 3.0-47 1547t 92 1415-162.7

YMeant standard deviation
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7taA 2 M sorbitol S FEE2 HUIEAS W "WEol YAHW pH =24
A sorbitolg 0.1 EE 02 glg WCMY 52 H7lstQ-e mol= 2z pH
1002 9.0742] wi§ FAMA7] A2 AAE Jdebdo] 7A4H 4ES Y
S YUtk EE 0T stad FEAAE NS pH 11004 BF & AF
Z=(13.9 MPazt 151 MPa)& BIAL AZEL o ¥ R (0.6%9}
52%)e2 yephdrt. @H, sorbitold 0.3 g/g WCMY =2 A/ e o
e BEE&AY pHZl F7igel we AFREE Fiaste 9l AZsL
Z7t8te %2 Ygugen, 35 pHE 903 10002 2H&Ye o A
29 HE9 AAREE ztzt 88 MPa 2 8.7 MPa, A E& ZtZ 68.1%9}
60.1%2 UElgon, 04 g/g WCMS] s 52 A7t A9 pHE 9.03 10.09)
A AlzY 89 AAREE 44 69 MPa 2 62 MPao|y] AIgL 2%
50% ol4o2 vehd, 3 ¥ U-sodium caseinate TFLE A ZA] 7tAHZH
sorbitol S A& A9, o] 037 04 g/g WCMS] T2 Hrlsln WEL
o] pHE 9.05% 10022 ZH3AS v 713 $ 2YE d& + ANk

YE8&He] pHe Wslel] g A AN HF Yo e Ay:
Park 570] B & sodium caseinate W& 7| AH A Bol| mx= pHe Fg
& A FAR Aoz Uexth. 3§ Brandenburg 3792 @z =A (pH
105 1)ollA e 5 @A FFo AFEo| pH 63 7oA THE WE 9
AZE 2o A vesta Busiqc

wetA o] Antg T B o e AFAE L AFE 59 717
H d4e "E8d99 pHE 10022 zH3n 7h2AE 03 Z& 04 g
WCMel FE2 H7tetde W 7Hg HEP Ao yehden, glycerole 7t
A2 ALEE71 RARE Aoz JYepg
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FAEHY, old FAAME AW JtaAE d¥d BAE e $£42AL
sty A= A4S Ad "Eo] FAHEHA Hel 9 FYE AFYE
e HoHE 7tAAY FF 2 G0l A8 A Jge w3 Uk oy
b AlAFe] 2% WY UE AL MAMstEd $23% 2207 oA
A3 Jot. SR FASY PgAFRE dd BEAREo] B3 disulfide 2
3 2542 T go24 ¥AH0 olg multifunctional groupg A
EAES 99d AN AR = FHATZE oFA = stzA
(cross-linker)9] ¥ &g @} b FANAL ojnjxit F ‘E}%ﬂ"]k’{}
Q1 cystein?} methionin®] Fo] Ro o disulfide YA ksl WE o]
VAFZE7E e e deixa Qlok &% 7H4A "o FAHR e

225 T WFY FAGYAES o8¢ P UEL A5Yolmg A

FHRLAEA vs we Bol Ao WEY JAY S4H £B FA54
g AYHRR e AT A A7 o8 SAHA.
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S0l 2 olfo] Ard ot FHTVAAN fx9 BYWEH Lo AL
A ANEES AZstel gwAYES) AU & FERH g A
e Ause £¥ AAWE] A 3@ AT @ Aed 7]
4 54¢ Qs A7SoIU

Pammis S75)2 sodium alginateoll A -f-(whole milk), sodium caseinate, & X]+
2 FHEE ERET taA 2HE 2HFoRHN HEY FEFARE HF
A NEsdch o5 LAZA sobitole AEHAL W Y FRF
£7b dgton HEE AARAL W Ahol TR HAYl et £2F
A=E gfFHoR ¥F F At B 1. McHugh 9 Krochta’®&
Al Aol acetylated monoglyceride, €25, fatty alcohols ¥ A ¥}IALS 37138
o JBAsEl BES AT dH waxesE HUIE HAYEo HF @
e +EEIHEe wgon fx9 A&o] ool weh FHTHAN £
o WA WEY FEERET} gastgon AP FE EG FEE
=0 9% vHYGT ¥oPch Y o5 WEY A 4L o
oA gom =@ ool fVsA Ratd A= Fo| FEeA7 dolu
BRoz YruyolE WEo| FAUC} Shellhammere}t Krochra?: &2
Aol ngH Y2 PASAUAIY 2049 78 AYL
AeAE Azste] Hrhe AYe] 5 $E7 WE el /A
4% FESHEHA NN 99 2AE 2T AZY WS FRES
= WM A A FHY Frol wet A FFE wet AW v F
HEFE FEFAEE sigmoidP B2 FAsAon 53] beeswaxS H7H3HA
S W 7P 2e @S EAY. £¥ JdEAE FEY VAHEALL AAY F
£7b Z7bgel wet MBS WEs Yoy ARFEE AA Fastdn
T BISR au, oo AFEAAEL FHIUAY FE A 54
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Aol @ dFE AY o]FofAA G FHoln EF FEFIAE AAHA
AFZ=7F RopAle A £ 4d3] fAzor & FA=2 Folgloh

A QFEUE 89 EAE MdstnA ste A7t dGEA AT
Ak VA= T ZIAREALE MAE7] A8 dEH B %S VA
7183 29 dFeHA 5o YEFHRE B2y 22 sgyem
HestAd, HEF AR Y A EHE &oir 2] FHS E@M, Tt
TR 5%, YEAXA dx2 & A AY, £ 222 dnd
YATFEE o8 & UEE BZAHZA cross-linking €24& Astste Uy F

& ALgahsich

I

HFddd &2 dudors FYs Ao Holud JEuUd E8&4
A7t EAsT dene dSuuds PN SHES Holn ¥
$yoz wANA WE B4R dBg PPANRA ¥ AT
Brandenburg 57991 S8} 95tk 1S AWSHE BANTVHAL 100
wie] 0.IN NaOHe] &3A7]2 B84 B3 A 2YsH AAF F oA
A Agstd 9 AE HAAIIL o|lE FHAUZRI FH3ld @A
g o9 A8E Az gz AP WAL Gennadios TV uHy

o0z Bge AZHYES o VSYYSAY pHIl £24F ABBES 37}
stgom, ols Ve FYANAS 44 ¥ VW wIHAL B F¥
A4, 424 R APFEE ANSR Redoy AR 27t

Hi 459 9do] FAHAGT Busgch

At gaAdg T3 dFeUA JAH E4H & AG4A
2 MAHsnz st AF7t Stuchell?t Krochtao] oa] $ 8=t o5&
il dEPE 84S dMYstd dido] WA oz IHe
32 ¥ ¥WE Bo F=EY3 FEE A4S AUY FEFFHES B3, A
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FE7 7HE4 992 ¥Fol F7tE "YES Azddn BuHed, vt
DA ZAN iAo 7InAYES Zojdt= A4 horseradish peroxidaseE 37t
g A3 AZB=S M8 a9 #Fe FUHENe AZFES FLHA
oy FEFFEdE 9% vAA R4 By

U dFIUd UES YA LAY EFEA 7€ FH2€E dA
3tz 3= A7t Ghorpade F78)9 o3 A|=HUT. ojEL dYFTAs
84 A 182 poly(ethylene oxide) (PEO)E 19:1, 9:1, 4:1 ¥ 1.5:18 &
ot WES Axd A% gFIHAI PEOT Jta Aol dojurl Zo
o, PEO9] H7tgo] F7tgdel we} @ =E a2 AFELS F7H8HA
oo ¥ st

£ Ghorpade 5792 tjFG ¥ A-E acetic anhydride, succinic anhydride,
calcium chloride @ formaldehyde 59| 7I2 A2 3& A AIYE 3o HE
EANALE A= xt. tFE¥F & acetic anhydride®} succinic anhydride2
acylation NRE W QAAZE S /AN 54} o5 AuyAe Wt
Rol BES SAEE FAAALH, caleium o] & HIHAL WolE A%
AEE  Fsed Eis4e wEl gudn  sdch ¥Eol
formaldehydeE 713 ¢ AFBEE F7HAIIH &= sEFFHES
Fadzod 42EREE Frednn Boa

g EAg AN A% =0 WPz YEAZ ¥ Fxd 9
st "Wgo EA4E MAstnA st dF7F A HUATY. Gennadios T30
HFEawd U A= ¥ UES 80 == 90T g2 73} (heat curing)dt=
283 wioz BAE MMt UES NI A AZA=Y
Hunter ¥x}A19] #MTE F7tdn AYE, +28%, S 2 $253%
St #astdon, o8¢ heat curingd] Ed}e A AdH 27t F
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g2 Adu Bustgct. £3 Rangavajhyala E8)& 65, 80 2283 95T
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2ol 2% BXE ZAME 23} HE fAE FNHLEI 2EF4E W
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e BLAsE FAP v §o] Wol EAU 52 X o5 s
42 dolvele B¢7t $4sA €.
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Al FteE s AY ZtaNE o83t FEFoZA dyH 343t Ae
7t BEY 40 mAe 4F S AEALH, ) AL Hkste #



Fatoll i@ xddE R3] (4) com zein GHA Yryo|lE WEL
Azste] WE EANEE =23 29l 5589 Az g e
FEE g FAE oS Hdidr] f5td A FAEQY FAEL
¥} Y& matrix€® B Z3E sodium caseinateE E£§ o] 83 HyuEx YL
Azstgen olf 7taA R Zl@A(cross linker)e] F3FE FABIY FAHE
ZE HUg o] 8 F Y& EFH R AxzAS YA Qo

240l MY $4UND WES AA AZTP F437] Asted §74
YUPYS o2 WERYG A TAHL o5 ARAL ZAS 44T
g9 4EXY A4 AEAYL
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A2d. Az 2 Py
1. A &

2 A8 AHEE F3R dFEe FAEYE HIHrR)H 94 E
3hx] ¥ Al GAWFEE M0AdA)E olfsdon, gz Furo
FHEFY, 2A)F FxAHRFE, FAHoAM TR HFAAzx ¥
2 A8 RE FAGHAQ 20CAHA ¥5 nad AL A5sd AR
Rt 7HHAd HE AZo HulEle slAAZE glycerol (GLY), propylene

4n
u
o

4
2
g

glycol (PG), polyethylene glycol (PEG) 200, PEG 400, PEG 600 (Showa

Chemical Co., Japan) % sorbitol (Junsei Chemical Co., Ltd. Japan)& A}&-3}%
=3

2. 7% @A Fg9 B4 vl A9 a9
7t 7hAaA 2% an
D ois @9 9%

7h dsHe 2Ry 23 gFuwa 9

Als ¥ (soy protein concentrate, SPC) 4.0 g& 100 mLe] ZF 4o £3)
g &, 7}AAE glycerol (GLY)3} sorbitol (SOR) 52 ©¥ld A& 4.0 go] o
dted GLY, sorbitol ¥ o5 EFZ(GLY:SOR = 50:50 (ww))< 2tz 04,
05, 0.6 g/g SPCS] ¥ =2 #7tste FAstm o] L4 pHE 10003 =
et 80T2 7tduvtale Y& &AL AR AEFS AAs7] A
AZAA 5% FAAN F, o]F Teflon ZEF Yo 2AHY H2 Q25
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em X 25 cm) Holl ¥ F 25T AZse] WA HNYYEL Az
Atk 7tzAe 2@ Be AT @¥d Weel AFFEY} AFE 59 )
AY 54, $ESAEH, AE L 4239 2582 2R

Wb FRulA2Re $5¢ dFedd ¥s

=% AR 40 g3} 7laAl2 AR 9 glycerold} sorbitole Z}zte] n)
ol @} FHFS 100 mLo] £4HA|Z] % homogenizing3l gt} o, 7}A A
o] 3=+ 04, 0.6, 0.8 g plasticizer/g sample©] 1 2.8, Z}Zte] 7t A A 5T ol A
glycerolz} sorbitol 8- 100:0, 50:50 ¥ 0:1009] v| &2 H7lsgch. g2yl
(Showa Chemical Inc., Japan)& A}-&3lo] £42 pH 11.02 Z2HE §, L4
90Co| =2 w72 7tdavistd YEAZE §94& Az 712
WEkA] ko]l 24d §4E AF S AAFI] AMM Ao o 5B x|
AR %, Teflon® WE oz coating@ FHo] =HE FIARS5 cm X 25 cm)
Hell F& F AN dx=AA 744 "ES AzsAd

2) +3uud ¥e

Al8 o Z(whey protein concentrate, WPC) 5.0 g€ 100 mLe9] Z=§ 49
g8d ¥, 7tA2AZ glycerol®} sorbitol & Z+zt 0.3, 04, 0.5 g/g SPCY &
=2 F7Eo AR en, od slihAE ZZe JlaAFEdA
glycerol} sorbitolS- 100:0, 50:50 2 0:1009] v &2 H7slH}. o] £99
PHE 10022 ZH3AAM T2 7ldawsid U S48 Axszn, AE
2 AAE7] AW ALAA 5ET WA F, o] Teflon IHE F£Ho]
ZdE Fred#@5 om X 25 cm) 9ol ¥& F 25ToA Azsto g s}
NyYEE AzsA
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3) 7o gz ¥E

TFAA Z A glycerol (GLY), propylene glycol (PG), polyethylene glycol 200
(PEG 200), PEG 400, PEG 600 (Showa Chemical Co., Japan)& HEF ZAxn F
2 did dgd §#44 Y9 A=E7t ¢ GLYIH PEG 2008 7tAaR2
MAsted dwld A8 5.0 gol isld GLY, PEG 200 ¥ olE9 EFJE
(GLY:PEG 200 = 50:50 (w/w)& 0.2, 04, 0.6 ¥ 0.8 g plasticizer/g RPC9] ¥ %
2 7t2AE FF5 100 mLel &3A F Alg DA ¥4 283 73
3H(10,000 rpm, T-25, IKA Labotechnik, Germany)3}ic}t. 2ol E A}&5)
o &4& pH 112 ZH3}x 0T7A 7tdagstd JE{AS Azsn
AEE AA37] AsA ALoM sET FAAA F, o] & Teflon WEo] =
28 FWS cm X 25 cm) Ho F& F 25TAHA dxste Fu gy
PN EES Ao 9 4Ad vAe ZtaAY 9¥§S zAEAC

o disgid 953 89 27
D 7IAIA S nAe ddsgee 9%

Hdd 7MY 988 XgR A4S AHRE FdgEr 1), 32, 52, 67
2 75%=2 2FHE 25CY ¢ F=2d 79 T Uxsld ES] F8 T
o] 9 duiaxd HYol HA F F, HYE UY ZE(tensile strength,
TS) ¢} A% & (elongation, E)S &3t}
2) FEEEY FLEEFA

g 8des Fuiegxrst QA 238 25T ¥AyEzo] WE
AR 05 g2 ¥ F FeAIEN 4R 7Iduit FAE Y FET
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Rew, o ol T WA F& LA WAY F 1 o

TESZE %o olg UFTEFFoR AT olde FREAHE
g FEE8AT ZA7|(Thermoconstanter TH200, Novasina, Swiss)& &3}
BYLAEE) YT EFIFE BAE 52 &5 FH(sorption isotherm curve)
°

2 Yeto

o 7hRAY) W7}
) 9F B BE

7h Wied d9d 9%

AZY E EAHE FAAFNZ] A8 7t LA (cross-linker) 2 A} ascorbic
acid, citric acid, succinic acidZ W2 Algol sl 0.05 - 1.0% (ww)el ¥
=2 7. FFF 100 mLo] djFHoe2ReH F5T 9 40 g
7FA A & glycerol®} sorbitol S 1:12 &%t 05 g/g SPC T2 Hrhey
ooy, 589 pHE ¥RYot+E A&3td pH 10022 2 ¥ 719
pRtatEA fgo] 2Tt 80T cl2E o FtuAE o Ao

b ulx gz 8e

7} 1 A|(cross-linker) 2 4] ascorbic acid, citric acid, succinic acidE 4.0 go} o
W Algol tate] 0.1%, 0.3%, 0.5% 12T 0.7% (ww)e] 3£ H7tsq
o} olu] A8 ¥ 7hAAlE glycerol#} sorbitole 1:12 E&3le] 0.6 g/g protein
o FEZ HUtsten, 84 pHE FRYolsE AHE3st pH 1102
2 Z2AFE F tdadtadA £49 227t 80T ol23e o stuAE
dorst A
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2) e NE 9

o

7} Al (cross-linker) 2 A] ascorbic acid, citric acid, succinic acidES Y& A
o disly 0.1%, 0.3%, 0.5% 221 0.7% (ww)el T2 H7IstH ). ol
AlEE 7}A A= glycerol®} sorbitolS 1:12 E33led 04 g/g proteine} FE2
d7rsten, AE8Y9 pHE dEUYolsE AME3lo pH 10002 ZHE
T 7t awstEA R 257t 80T o2& W ZluAlE HrtstAch

3) Fu gz UE

Azd BEA 4 FIAAII7] At 7} Al(cross-linker)2 A sodium
chloride, calcium chloride, sodium hydrogen sulfate % ascorbic acidE T2z A
s thalod 0.5%, 1%, 2% (wiw)e]l F= 2 3 7}8% 29, succinic anhydride$}
citric acidE& 0.1%, 0.5%, 1%F L2 7184t old Al_d 7F4AE PEG
2002 02 g/g RPC F=2 F7hstlen, BE84H9 pHE FEYolSE
Abg3ted pH 11.002 A3 F 7l ufetdA §ho] 2571 80T ol2
g o tuAE HrpsAh
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% strpae 9gy Az

w8 o) 73 ¥ F(soybean protein isolate, SPI) Sg& ZHF<4 100 mLo] ¥ 3
9ST7HA 7tEmutstdA &3] &alA F Y 94 283 A £
WRste] BEPH R YL AzAG. £ 95ToA 0.0IN HCIE H7tstd
28 WA F Aoz FYsn NaCO:E #H7Mstd Fssie SPI
hydrolysate @ &34 &AW ALZSAT. T o] £HL L4 EL o] 4319
FHAZ F 4TAA 2 FHdialysis)HE S T FeHeoz YHd o
(NaChZ A Astz Y EAFAG. 4 AYE Hd F YAES FAAxEA
€Y "9E34E ARz AEHAon, SdAzHAHLe FuFuyy 9
sY4gdAzg e AL @D oz WEFYLAd saAz
glycerolg:, 7}uA| 2 glutardialdehydeZ, 281 Qo 7S Yoty 7l 959
I7F9(NaC) 2 27} 4(CaCl) #H7Md & dRUols g Rrlste YEPH L
Aol pHE 100282 ZH3Ht o] §HE 90TAA 2083 7Mdawtd §
Wztste] HIE dgo2 3IWYY FeBS AHEetY casting Yo By
UES Az ol YEMNZFH S Fig. 2-19] 8.9kt et
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Protein Solution

A
Heating

Y

Hydrolysis

v

Cooling

v

Neutralization

|

Precipitation

A4
Centrifugation

v

Dialysis

v

Centrifugation

v

SPI 5%(w/v)
20min at 95¢C

2min & Smin with 0.0IN HCI
room temp.(25C)

pH 7.0 by Na,CO; adding

10min at 10,000g
during 2 days at 4T

10min at 10,000g

»| Grinding

Freeze drying

Preparation of film forming solution |g———

v

Pouring of solution

—»| Drying 24hrs at room temp.

Fig. 2-1. Preparation of SPI hydrolysate films.
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with acetone( acetone : protein soln = 2.5 :



sf. 254 239 37
D UT uwa 9s

Al& @ A(soy protein concentrate, SPC) 4.0 g& 100 mLe] ZFHFFo &3
§ %, 72 A2 glycerol (GLY)3} sorbitol (SOR) 52 @93 Alg 4.0 go] o}
stad GLY3} sorbitole] EFZ(GLY:SOR = 50:50 (w/w))& 0.5 g/g SPC9] ¥ %
2 Wrtete FEFEa o] £99 pHE 100202 ZH3UA 80CE 719
g3l Aty o] w stearic acidE A& @¥AA] distd 5, 10, 15, 20, 25, 30 %
9 ¥52 H7std MNP ES Az £ palmitic acid®] 7§ Al
g gl mialo 5, 10, 15, 20, 25, 30 %2 FXo 4& &L 20 mLel
Hrbstm g untsted S8iA71n. @A 40 g€ FFS 80 mlol £33
I pHE 1022 23t 7lduutgt YE L Y] ol & 4ol Az

2) 3 9¥9E 9§

FHGUA WE 2L £EANGHE AAAINY A% 254 BFS
Frd2 Frstn Axd HEY FEFATS RHE, VAN S4S A
sk A8 40 g& FHT &MU F A AR glycerolS H7H04 g/g
WPC)std HEBAEARE Az £54 EH2AM AHEE dFae A
8o "3l 3,5 7 %o =2 EBAHEY AzA Hrrdew, AW
Abo 2 stearic acid(Ciso), palmitic acid(Cieo), linoleic acid(Cis2)E Al 8o o3
ztzt 5, 10, 15 %9 ¥EZ & At Ao wet &ojg AL EE @
2] sl #HrlslE ot %, palmitic acid®} linoleic acid¥ 95%9] ethanol 10miej
S22 F YA 8o HrPstQ o, stearic acide= WEHA LY 2
E7F 65C-70CY o Hrtshgich Alzd UEIAY &AL 95TAAM 208
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7bg, Bk A71Z YA H cheese clothE FHAIA AFFH o]EAFE A
Ast 40T A 20X T4 AxAA AEL AzsAG

ul. ool E HE(laminated film)Q] A=

dHrdoz2iy 2% 99 I} FAIUE EY FEFT o
& 32 AL e A8t &5 diA (com zein)T o o] FFH<
laminated &€ AZ3IYTD. Ax PYPL dFEHF 80 g 7t2ARA
glycerol 2.0 g, sorbitol 2.0 g8 F&F4 250 mLol Yo &33lx o] pH 102
2 2 943 tdadtstdo. 2P R A 2=t 80T o2 e o
b AR citric acidE 0016 g A7I3tn o SEI o 719 F UELYL
Az AFES AAS7] A A2AA SEL FAAZD F, o]F 80 mL

S Teflon WEo] ZWH F AR5 cm X 25 cm) o] F2 F 25TelA
zote diF DA ANPIYE FS AzsAch R 3 oddF BE
Z9 AxTHL dFoUd g AxUH 2o ojddes @i 80 g,
7baA 2 glycerol 1.6 g, sorbitol 1.6 g& ZF /4 250 mLo) &3jslq o 7t
AlE citric acidS 0.024 g H7}8tc. S5 @¥A dFo] AzE 7t2A
2 5.5 go| polyethylene glycol 4003} 6.0 gol glycerol€ 150 mL<] o gL o)
&8 A1 F com zein 25.0 g& HIIst &Ho 2E7t 85T =¥ o 7t
A 7tguwratgch o] £d9 25 F 40 - 50CE FLAI 2 o)g AR
HF & 7% @93 &9 35 mLE& castingdt] A2l Az A

l’S‘.‘.
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3. FAEL-IIAIQ EFYEY A=
7h. 98 A=

FHE2H sodium caseinate?] T FHUE TeEdtd Az EEUR
(whey-sodium caseinate mixture, WCM) 10 g€ 95% o€ 60 mLY} Z {4
40 mLo| &3 &ouf AMA] Yo LAY F 7tAaA L cross linkerE H7}
3l 7 A 7](T-25, IKA Labotechnik, Germany)Z 6,000 rpmoll A 28 Tt &3
#d o985 o 84Z 1.0 N HCI® 1.0 N NaOHE o] &3l pHE X A& AN
75T - 80TC9 %M 7jguwtslget. WER 80 mLE Teflon WE o2
2GS 1T HFY7E Jdx FHo] 2HE FYBQT ecm x 27 cm)oll Yol
FE ¥, 23ToA 24420 < A2AA A HES AR oiq
52 1 A+ 7 3784 Azxstgdt
U

- 7kaA e m

T3 &2 sodium caseinateE 10:90, 20:80, 30:70, 40:60, 50:50, 60:40
70:30 (ww)e.2 ERHE EEdt &Y S (whey-sodium caseinate mixture,
WCM)E Az Ztzte EFu| 82 HWES AXsUS o 59 7|AH
A @ t2xAe] JEE sorbitol F-& sorbitol?} PEG 4009 E¥E S A
7bsted zAbstgch ol 7hAAE 03 2 04 g plasticizerlg WCMe] 552
H7tsld oo, sorbitolz PEG 4009 &3H| &2 7FAAIE 03 g plasticizer/g
WCMe] 52 H7tg A$ 30, 211, 1515 2 12 (ww)e] v g2 &3s
o Hrlslden, 712 E 04 g plasticizerlg WCMS] $=2 HIMg AS
40, 3:1, 22 @ 1.3 (ww)9 ¥| &2 &35 Hssad. AANE HAe
YE L&A pHE 10002 =43t YL AxeA
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t}. Cross linker®] &3}

T3 227 sodium caseinate?] EIFUE FT FHELOl S0%o|Y A&d
8 F, 3823 sodium caseinateES 50:50, 60:40 L 70:30 (ww)o.Z E{
sl AEE Alge XL sAd EAL /)48 cross linker24 sodium
chloride, citric acid ¥ sodium citrat;% Ztz} 0.1, 0.3, 0.5, 0.7, 09 ¥ 1.1 g/g
WCM 4202 #7bstdch. o] m 7k2&E sorbitole 0.3, 0.4 g/g WCME]

=2 Hhgen), E4del pHE 1002 2RAA UL Az

Al

4. N4 WEY Y 24}

houTeud wge A3y

dFERe2iyg F2¢ dFIYZE 40 g& 100 mLo FHFo &
5, 7F2A 2 glycerol (GLY)3} sorbitol (SOR) 52 @l A& 4.0 go] i3t
o GLY, sorbitol ¥ o]E¢] ZFE(GLY:SOR = 50:50 (w/w))& Z}z}t 0.5 g/g
SPCO F=2 H7tsted At o] g4 pHE 10002 ZHsAA 8
0CE 7tdutste] 7HANEES AxdAt ©8 YES FAFET} 50%
2 239 25T Feydgxo 3047 AFF ¥ IAY S4% FEERE
48 Agstx ¥ Age wasct

-135—



. 5% uua UE

22 Uud $3BeRy Az 344 144 e o ¥ee
2A9e AAs7] Add APAe Ao Az WES Az
4AsE AWur| dalel 3 zANH WA AR WE
43 +2ERE WHE zAsdA.

e

3
e 7
a}

o

8]

fu
oo

d)

gt

714

2
Jjm
S

AE 40g8 FHFO A0 F st2A=Z glycerole H7H0.4g/g WPC)
3t pHE 10002 238 BEFAH |94L 95ToA 2083 714G, WA
713 casting®HOE HES AZU ¥ o] g9 ¥ & FEAGHS
RAAIFIZ] 8 2 WHeR Azg UEHAH G ARz stearic
acidg DA di3f 20%] F=2 Hrlstd BES AZsHTG. Az ¥
TS A% 32%, 52%, 5% Bds=r/t 2HE 4T, 25T, 40CY 295

Zol AAste 24, 154, 304 Fod 459 S48 s FAHA.

5. 7k94 889 Bt

7b. BE9 FA &3

dA49 744 "EL A 7 E(Tensile strength, TS)e] 4L 9Ys)A 80
mm X 25 mmZ HAgdn 574 AL micrometer (Teclock, Japan)& o) &3}
o & FAE 53 FAHY F FFFeE Ughdden, £357] FIAx
(Water vapor permeability, WVP) Z4& 93 "go FAE WEL 70 mm
X 70 mm2 Hdd F 93] FAsto FFAo2 Yy
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g, 714" 549 &7

Aed HHYPEL FUGES 0% ZHE 25T FLYEZol 48
NzZE A WEY FEEFE 24T F ASTM D882-90 BE A1 Y%
u}g} Texture analyzer (TA-XT2, Stable Micro Systems, England)E o] &34 2
E9] AA7}x(tensile strength, TS), A3} &(elongation, E) ¥ break energyE &
Astgrt. ol x7] gripte] A2lE 50 mm=, crosshead £ 5 +E 500 mm/min
o2 zAsYt.

g 7IAA 42 F A TAAY AFAY AFE S YehdE 7t
24 (plasticity)S BH3l7] 3l B dAFdAE 7tA & (plasticity ratio)S
AHREET 7tage AA 53 ANE F EEE FoldZ W AFA=Y
A g Yetdle F5FE AUA dEo] gdHe @4, F 7ta4 ¥y
S Yehds B89 £ YEEZ Jed Aoz, 0dF 43 g 9y
o2 F3tHTs.

T x 100 A @)

. _ w3y %
g = SEETIEE I Foes

3. "WEe A £} 54
) 714 SHE oje

Z1A 9] T3} L Fick's first lawoll ojajA F&H o2 Yetd 4 9t
Fedste) vl st flux )= &3 o] Aol gr)ss),
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1= -0(%) 4 @)

& 99A1 2 9F By (gm’s or mL/m’s)E EFHE s E3o)
o D gdAFoln, Ce €29 #4ld o Fxugeoln X& filme F
AE 9v|dd. FGdediA &ilol dojyn HE FE& FIdse 71A 9
FE ¥ dAstde 7Hg dd flux ) A3 2ol vErd F U

1= -p(2g2) - 2 4 @3)

Qe WES FHatd FAste 714 49 @ (g TE mL)oln, A= U
g9 B4 (md), tv AE)E AUk Henryd] B e Hgad, 7149 %
£ 25 71H9 PEYG o]z EEY 4 Utk o)E ] AYsd ogH
Ze BRx Yoz yehd £ o

_Q_ _ p.g(P2=Pi) _ p.dp
A-t"DS( X )—PX 2 (24)

St Henry® Halo)Mo &8 A4 (mole/atm)o]n], Ap: 7|37t BWES
Sste 2EQY A(Pa), PE £FE(mL-m/m’s-Pa & g-m/m’s-Pa)o|c}.
getd $£27) SREe MAEREE e Hoziy ¥ 4 Ao
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p - QX

A-t-dp A @3
P = Permeability (mL-m/m’-s-Pa £-& g-m/m’-s-Pa)
Ap = N2 Be £37] 22 (Pa)
Q =98¢ $3% M2 e £3719 ¥ (mL & g)
X = YEFH (m)
A = YERA (m)
T = A7t (s)

) FEERE

TE FAE S ddd I AL YUFgEr) 50%E 2HE 25T
o e Yazd 48 AT FAsd Wee £ I 22N O,
ASTM E96-90 £% Al@Y*ol w2} cup methodE o] &8t £37) FAREE
2ysiArh. E@ BEHPY $£3710¢ YEY S¥s TR WA
o A= Brlel Al @ FBe wAse] olF FEREAEY AR
(water vapor permeability by correction method, WVPc)2o 2 J el o).

3) 4

H
o

£

Yo
e

&

>

AMAEIAEE OX-Tran 100 (Mocon Inc., Minneapolis, MN, USA)& A}-&3}
o ul3o HFE WY(ASTM D-3985-81)02 FAH3 AN & 44 FHre 2
Aol ARE 238 4 At 2749 27 celle] AR} gon Y2FHE
= E& "E (polyester 0.92 mil, polyester 5 mil) BE 2] E3 T 9 vl
AAgch WE A0 cm x 10 cm)E 2%9] aluminum foil mask (5 cm’
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uncovered area) Alo)ol] FHZA]F)| o] E testing celld] Yol ALERNEE =
BstAh. Aluminum foil maske 7]1A| 2 A A Aojv] W& Az Bt UA
& WAn FAE FAdEU 8ol @9 FHLEE 25T fAsA
A2FAE FHIE AR FRE Fo d¢ AR F cell YR YL
1641t HE ALY, ol F AL E 4E ¥ flushing 3l NEE T3 4
S M2 5553 AN g8 YD 5 cell 4320 w3Y Vi

B

F%FL 150 cc/mino] 8| Ao F3FL 14 co/mine2 nAHFT AAENRE ]
ZRL 1A T 1% ol FHo] WHEA ¢ "o gL =5
. ol WES Alolo] F A RE 4SS 1Vgez stFsigEd o
T 5 A2V 9§€ A% F g HEHE 2257 gt A
FHEE 4 (2-5) ol &3o AL3A.

o} fAEFE &3

7t "E9 A FREE Trezza® Vergano®®)7} com zein coating
papers] $ 2 SHE ZHo| AL§E TAPPI test 507 Aol ma ZHaH
ot o] W Fig. 22014 B upel Zo] 10x10 cm 27|19 I o] 9=
g § AR AN EEY AFdE 9%9 cm, FE 10x10 cm A7) 9
A7AE A ¥3, 2% Aol 01 mLe Y 47122 FIaA
7¥ste] 59 ARAE H7Eo2 EHRAMAC oldf ALLF HUEL F=
g fAY #AE& 44 &7 ¥sld Oil red O (Sigma Chemical Co., St.
Louis, MO)2 M3t Atgstdct. 43t A9 ugRodre R4
aluminum foil (12x12 cm)®} 1 mm 57| 9] stainless steel plate (12x12 cm)& &
M2 Eel¥ol FAFFHE ZH 8 HEE BEALY, o3 HE 104S
AHA skl 15x15 om 27]9) UPBAE 28 $1 o T UT @A
W Agolol 7HE B0 ANFHE 248 AES URBAS BES UE
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2 IAHANA olF 60T ovendl RHUZAM 1A AL R AgFT AU}
74 89 fFATAEE F3AT 7HHAE &Y FAFIAEE IE
B Az 23d ARA2NE EE FH3Y o FHE AHX
of &3% & point-counting method3®dl] wa} A FAH] g v &
24 AU FAARH AEZL | mm A REF)S OHP Y&
BAste] o] FAZF F3E HAz FRel FA 2 FAAHE AZ3
At
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* TAPPI test T 507

Aluminum foil separator

&= 7’Film sample

L

‘Fat/oil'saturated blotter

—/

/4

Clean blotter paper

Fig. 2-2. schematic of TAPPI test method T 507 used for testing oil

resistance of soy protein film.
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vl & &) T (water solubility) &3

FERAE 2HS A YE ANE F1g225cem X 25 cmo g HIG
% o] E phosphorus pentoxide2Z A &FZ7} 0%= Z AT desiccatordl] 7243+
P25t YL AZAAY. AxE YEAE 20-30 mgs F3] A F3to
°olE AlFHd ¥I FHT SmLE 7Y F AYAL YIF tF o8 2
5Co gz ¥ 24A2 3¢ ASo2 AGAAY. 12 1 mLg F
dted o] |AHE2(12,000 rpm, 5 )3t ELYEAES AAs FAY 20
uLe #sked Bradford ¥*™& o] &3t 595 nmolMe] FBEE ZH&n
bovine serum albuming o] &3t F§ FEAHo2HH §3d G &F S
TR g g 9WA F FHFO RIHY IdiFde wEg=
LR o

NERE-E®:

YE9 M= Mx1A4 (CR 300 Chroma Meter, Minolta Camera Co., Osaka,
Japan)E o] 83t ZF AU WEF ARE EF YA H(calibration plate
CR-A43, L=9591, a=0.00, and b=2.27) 9o ¥ 3 33] &ZAF HF < Hunter
L,a 3 b2 Yetldch A7joA L2 Mo 9r71& delds ReZ L=0
(black)oll A1 L=100 (white)7}=z}e] gt& 7HAw, a gL Mo AN g Yelie
Ao 2 a=-80 (greenness)oll A a=100 (redness), bZ < M= E Yetlls e
Z b=-80 (blueness)oll Al b=70 (yellowness)2] gk }tebict,
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o] Hunter L, a ¥ bgtozr¥E EFuagatol  M(total color
difference, AE)9} 3 2] ¥ (yellowness index , Y)& t} &3 o] 139t}

AE = V(L-L")?+(a—2a")2+(b—b")? 2(6)
VI = 142.86x 2 A7)

ojwf, L, a & b FEWAT ZH(L=95.91, a=0.00, and b=2.27)& 2]n| %
o

o}. ¥ 59 T (Opacity) &3

U959 €535 E WEL 07 ecm x 15 emo] AlZ¥Poz A2 F oE
Aztel RREHE AQ cellel R FH Qo] BT 2FEAA
(Uvikon spectrophotometer 922, Kontron Instruments, Italy)& o]& &9 400-800
m 3R] e FANADA owo] FFE WAL WB 25

= 7138 FRE T4 WHoz FolsdYon mx0D.9 @ v
HA o

6. AZE 7144 W HEFo Hg

22 AZ@ /A4 WEY A4 AEZFY 282 As
HYgd fH9Nd YEd 22 QI WESE ¥u A
3t 71§ HAHErIE 29, vneYot.
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7 #3 29E 989 Az 2 A%

FHT 100 mLol] 3 a9d 3.0 g3} 7tAAZA glycerol®} sorbitol &
L2 E3d A& 04 gg WPC sz H7lsld &34 LE L), 7}
WA ZA citric acidg& A& @A) st 03% (ww) sl wuja m
< Azsdd. Alxg 9wz YEL heat sealerS o} &3l 5 cmXx5 cm9
IZAR TFE F, dFHFAFTY 35S TAZHL N1E FACRQA2HE AE
o #A2Z) XA AL HE nylon metalocene linear low density
polyethyleneNMLLDPE)H &= #& %Yoz 54 3 g& XAt AU
= S0%E ZAF 40T, 0T, 60T F2FFzol AFsAN A 731

€ A9 A3 7 FHEA F29 AYAFYL ZA QL.

L. 2Aksl €7} (peroxide value) &3

EFE 729 3}33 87hs AOCSHo| oatd ZAatTh 03 g~2.0 g
HHWE HE {FR o acetic acid} chloroformE 3:2 (viv) & &3§3 £ 10
mLZ &3A|Z1 F KI (potasium iodide) ¥ 3}-2<) | mL& 7}3l B EEo]
agol 5ET AR F A FHF 7S mLE 718lT E NaS,03 EF L9
22 HAA 1 g £of Ko 29 A 43 E Q] mMole AEsld 3
AHeE7L R .

SAS(Statistical Analysis System) $7) package’’E Alg3t EA BN @
Duncan o} ¢ 7 5:(Duncan's multiple range test)& 4 A5} t}.
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A3d. 43 @ nF

L 7haA 2%l o¢ UEo B4Ws
o wwd ¥

) $Rux gwa 528 UE

7h 71AH §4

FHEANZFH FE¢ dFIULE 982 HEL Azsn staA
Tyl gol e HWEY 71AH EAHE 5AT A4S Table 2-19] Yty
o} ZtAaAl9] X & 02 g plasticizer/g proteino. 8 #713 WELS Y7 R AR
7l AE 43 JYehdden MFEE A Holx g} 71AH EHL &
A + YUY 7hA2AY F=7F 0494 0.8 g plasticizer/g protein®. 2 =7}
ol met W59 BB =E Fasgon AFES FUEAT. 4F Ja
Al FEAM FtaA EFH S e AFZAEY Wil JtAA F sorbitol o]
gFol 228 AABET F/Ee Roz Jelgon AREY AL A
ZtaA = HHNA glycerol®} sorbitolE 50:500.2 EF AL&EYe @}
S A22 YEytth

W) 2353

i
Jm
4

() 8 2 ¥253% 54

FREUAZEEH Az 74 289 FEFAEG AAFEATE Table
2-20] YA
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Table 2-1. Effect of plasticizer ratio on tensile strength and elongation of edible

films from soybean curd meal

Plasticizer conc. Mixing ratio Thickness Tensile strength Elongation
(g/g sample) (GLY : SOR) (pm) (MPa) (%)

100: 0 652 + 113" 111 + 1.3 55+ 20

0.4 50:50 562 + 82 103 =+ 22° 25+ 03
0:100 76.5 £ 12.5 150 + 1.5° 57+ L7

100:0 60.5 = 10.6 72 + 1.3° 189 + 11.2°

0.6 50:50 695 + 7.1 70 + 04° 366+ 9.6°
0:100 73.7 £ 194 98 + 1.0° 98+ 1.I°

100:0 762 £ 52 29 + 03¢ 412+ 8.1°

0.8 50:50 762 = 11.0 33 £ 0.6° 583+ 7.0°
0:100 683 + 7.7 47 + 04 284+ 52°

"Mean + Standard deviation (n=10)

**Superscriptive letters in a same plasticizer concentration indicate significant difference at

p<0.05 by Duncan's multiple comparison.
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Table 2-2. Effect of plasticizer ratio on water vapor and oxygen permeabilities of

soy protein films from soybean curd meal

Plasticizer conc. Mixing ratio Thickness WVPY Op?
(g/g sample) (GLY : SOR) (pm) (ng'm/m*s-Pa) (fL-m/m’s-Pa)
100:0 58.5 = 84Y 062 + 0.12° -
04 50:50 489 + 6.7 047 + 0.06° 0.0314
0:100 599 = 39 048 = 0.04° 0.0422
100:0 622 + 52 0.71 = 0.06* 0.0364
0.6 50:50 655 + 5.2 0.67 = 0.07* 0.0295
0:100 689 + 12.8 0.58 + 0.12° 0.0393
100:0 644 + 57 0.83 + 0.03° 0.0733
0.8 50:50 63.1 + 83 074 + 0.15* 0.0330
0:100 647 = 14 062 + 0.07° 0.0567
YWater vapor permeability

J0xygen permeability
Standard deviation,

**Superscriptive letters in a same plasticizer concentration indicate significant difference at

p<0.05 by Duncan's multiple comparison.
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FREINTE 7FaA9 FE7F 04 oA 0.8 g plasticizer/g protein®. 2 Eo}

2 7haAe] Egulol utet 0.48-0.629] H oA 0.62-0832 W2 F7}
. £ A 7taA FxoAE 7tRAZA glycerolS AE-d "E 9
TEFHEZE O "EEA ¥ fgHez 2 Aoz ugpon,
sorbitol 8- A}-8-3 WE 3 7} A Z glycerol®} sorbitolE 50:500.2 &3t A}
83 YEEY FEFAEE FYAE Holr FUdrh

¢, FREAANA F2¢ dFdHd &9 FAFHEE 003 - 0.07
fL-m/m’s-Pagd$iel gg BEon 7129 £44 oy 2 U o JuPz
g vlatd ¥ Aoz Yeiun. YutHoF  APddA FE2d HE
o B¥ Zt2A =7t FETE AAFEFHEI Foksle AR Jehg
th =3 dd 7hAaA B} glycerold} sorbitolE S0 : 5002 E{ale ApL3
Ve W Yoz PAFREI 22 AoR e o] A Park 58)
o] Aset FUI FHFE By

Q@ FAEH =4

FRUAAA 28 ALEAZREH Az 744 BE9 FAFREE
Table 2-3o YebiAct. ool vebd vpe} o] FRuH] 2o A ‘T—%‘F} 7+ 4
59 #FA FAET oS DAY A FRHA Pe Aoz JEgon
7t2A 2 sorbitole 0.6 g/g sampled] T2 H7IY WE FS A% ¥R
B 0.04 - 1.1 cm’e] WHo| PA4xon glycerold 0.8 g/g sample?] T2
4718 WE9 A 4N F 67 cm’, SAIZF F 4.1 em®9] WA oilo] £}
He Aoz dgyd. o9 FBEAdME d48 ATE ARk d] R
BUAAY Z7]0] 43te] WAool Yo AZto] Aol uwhel A E X
% ¥t
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Table 2-3. Effect of plasticizer ratio on oil resistance of soy protein films from soybean curd meal

Plasucizer

Mixing ratio Stained Area (cm?)”
conc.
(#/g sample) (GLY:SOR) Ohr 1br 2hr 3hr dbr Shr

100:0 0.00 £ 0.00 1.23+2.12 028 £ 049 0.00£0.00 000+000 000000

0.4 50:50 0.00 £0.00 000000 000 £ 000 000000 000000 000000
0:100 0.00 £ 000 0.00 £ 0.00 000 £ 000 000000 217332 0.00 + 0.00
100:0 0.00 £ 0.00 048 + 046 000 £ 000 000000 420410 0.00 £ 0.00

0.6 50:50 0.00 £0.00 0.00 £000 000 £ 000 000 000 0.00 000 0.00 £ 0.00
0:100 0.00£0.00 027039 000000 1.14x]00 004007 0.37 £ 0.63
100:0 0.00£0.00 0.00 %000 035+ 060 000+000 676+ 1153 408+ 706

08 5050 0.00£000 022+038 0.00 £ 0.00 0.13 £022 0.00 % 0.00 0.00 £ 0.00
0:100 0.00£000 0.00 +000 000 £ 000 0.00 £ 000 000+ 0.00 0.00 £ 0.00

"Stained area (cm’) per ream (278 am?); TAPPI test T507 for biopolymer films at 60°C
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I o2 glycerolS 0.4 g/g sampled] =2 H7IE HEQ AS 1AL F
12 em? 2 2417 3 0.3 cm’e] W3 o) M=) o0 sorbitol2 0.4 g/g sample
o ¥E2 HANE YEY ZA$ 4T F 22 cm’y W FYHU.
Glycerol& 0.6 g/g sample?) =2 HA713 WE9o A% 147 £ 05 cm® 2
4717 ¥ 42 cm’e] WAool GAET). Glycerold} sorbitole &3t 0.8 g/e
sample®] 52 H71@ BEAME 1A F 02 cm’, 3X FoE 0.1 om’
o] WAool JAHAY. BELS 2 YWHdE $£8L bubbled}t pinholed 1
o} casting WHOT ANW 7MY WEAN HE N8 e YEARS
o ulahe) bubbles} pinhole® Bo] Z Ut AolE YMY FE7} ATl
walstx @on z7ldl WEY Ewel AAHHAE 45 AT Fole B
FAHA W B9 AT,

2) ¥ dd 558 U

M AN §4

Fwoz Ry g &5t YEL A2 @ 7laAZ glycerold}
sorbitol & Al8-3le] G 50%clA 4821+t AAG Fu hwyy g
9 7NNAH EAd vAE 72 4F S Table 240 Yet AT 7haA
9] =7} 04914 0.6 g plasticizer/g SPCZ F 71§l wel 9 QAP E
Zaste 4% YeUAG. F, glycerolo] 71AAZ AL EHUYS AS HL
g 7tAAg FE7) 0494 0.6 g/g SPCE F71gol wiat WES AAREE
10201 A4 3.9 MPag2 ZAEH o0, sorbitol & 712 A2 ALY L dfols =
%7} 04904 06 g/g SPCE F7H%el wte} BE9 AFATE 12494 6.5
MPaz 7Z+A sttt
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Table 2-4. Effect of plasticizer (glycerol and sorbitol) ratio and concentration on mechsnical properties of soy

protein concentrate (SPC) films prepared from soybean meal

Concentration Ratio Thickness Tensile strength Elongation Break energy
(/g SPC) (GLY : SOR) (um) (MPa) (%) (k3/nv)
100:0 77.7 £ 11.6" 102 £ 0.4* 25.1 £ 5.1°¢ 1124 + 26.4*
04 50 :50 690 x 29 103 £ 0.3° 398+ 59 182.2 + 27.7®
0:100 771 £ 6.1 124 + 0.3 36.7+ 88 2032 + 47.1°
100:0 920 + 38 6.0 £ 0.4° 518+ 7.0° 138.6 + 16.5%
0.5 50 : 50 76.9 = 10.2 6.1 £ 0.2¢ 586 + 3.3%< 157.9 + 10.4>
0:100 81.5 + 14.6 7.8 + 0.2 417+ 6.1° 146.9 + 20.6%
100: 0 838 + 13.6 39 £ 0.6 553+ 3.9= 100.2 + 17.2°
0.6 50: 50 82.8 + 10.2 4.1 % 0.1f 619 + 10.1* 115.5 £ 10.0*
0:100 780 + 7.7 6.5 + 0.3¢ 663 + 75* 196.5 + 24.2*

YMeans + Standard deviation (n=10).

*>+4<fSuperscriptive letters in a column indicate significant difference at p<0.05 by Duncan's multiple range test.
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AR 7taA FEAA 7HaA FHA ©E AF A= ¥stE Table 2-49))
UEbd ulel o] 04, 0.5 L 0.6 g/g SPCY ZHz}te] 7tAA BT FFoA
sorbitol S 7t&AM2 AHEE HEO AFFEL 124, 78 R 6.5 MPaz 7%
ko, 7tAHZAM glycerol2 ©= E-2 glycerold} sorbitold E sl A}
€3 7ol Duncan th 9] HFHE HAAFG AF {FAFE %M f9
7 Aot

ARge A%, FAAZ glycerole YEoZ  AMLEAY  glycerold}
sorbitol & &7 A}R 3 H$ JtAAe FEE 0494 0.5 g plasticizer/g SPC2]
TR F/HAEE dole AZEo] 2 25.1, 39.8% A 51.8, 58.6%= 9]
oz Z7lslgeyt o]& 0.5 g plasticizer/y SPC H7tg WEH 06 g
plasticizer/g SPC #7}st WEL §oar7t gle Aoz Jel} 7tA4 A3
& 0.5 g plasticizer/g SPC o]Ate. 2 Z7IA7|d @A T AZF Z7= 7|d@
F 9x Aoz yehdd. ¥rdd), sorbitole tAMZ HS WEL Hs
52 049lM 0.5 g plasticizer/g SPC2 2 53 wolx AAZY FA4x7 ALY
o} 0.6 g plasticizer/g SPCo] w2 H7Igto] uiel Al Fo] 66.3%% =7}
Aok A JtAA FEAA HE9 AAEL JFAAE 04 g plasticizer/g
SPC &2 0.5 g plasticizer/g SPC 3718 79 glycerol?} sorbitol2 &3 H7}
3 "E AFEO MY L Aoz Yoy, 7tAAE 06 g
plasticizer/g SPC 37} 9§ woll &= sorbitol 7179 Al Fo] &0 g F
7batod sorbitol H7F WES AFEo| MY & A2 dEEt

U289 ey YT oA break energy: sorbitole 7t Y E 9]
AE QA =7 124 MPa2 7H¢ £-& 04 g plasticizer/g SPC % &2
AR go] 66.3%=2 714 EL 0.6 g plasticizer/g SPC ¥4 TolA HAE B
.

B
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W) FEFAEA

ZtaAe F/ R v%o o FEFAEY ¥UsE FHE Z2AE Table
2-59] et At ASTM ol & £ &5 FEFFHAE(WVPAE 7}
AA2 HE7HE  glycerol3}  sorbitole] ¥ Efulo] wa  0.40-0.63
ngm/m’sPas] WHAE B FESAE 53 A, £3Y Wr=Ry ¥E
€ 5 80 o5 "t FAx Y WFe "E AHE 371
Fole #571% A8 oy dA EF Ut BdEgE AE 50%
Bl @AE o) BT gto] WVPcolH o]gte 0.62 - 1.11 ng'm/m*s-Pa
o A8 24t 9A st AAAM FAAR sobitol HIIG WEY ¥
ERxE 7taAe sx7t selAdegt: foit ge Aoz dgRAw
7bA AR glycerol Z-& glycerol¥}t sorbitolS & A7t A FE FEF
ATE TtAaAY FEV 2€4E Frhste BAEE RAYh 4A tAA ¥
Zo A€ sorbitolE 7tAAZ H7ME "ol M FEFATI RS Aoz
ettt £33 48 B§ FANN FESAEE B2 d Z2FHE Fig 2-39
Gebddh oo oEd tAaAlY] F=rt gl wy FREAZE F7L
3te B¥%E Elen 7hRAE glycerold] o] FrHe e FEFEIHE
7} 28 Aoz vER. £ stxAe] FH @E g FREFAEE
7tAA S H%71 04 g/g SPCAlA 0.6 g/lg SPCo2 ZF7l§tel wla o & z}o]
g 2yt

o A=

ZbAaAe] EFuo g WE <o M E Table 2-60] Hunter L, a, b g, &
T HyHe] Ma 9 FANEFZ JeblAd. 7FAAZ sorbitolo] H7LE
AS 7t FEI ool wet Bxvt FArde BHE BHAAT AA
o2 taAld B Mxe Z 2ol Hojx| &gt

2
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Table 2-5. Effect of plasticizer (glycero! and sorbitol) ratio and concentration on water vapor permeabilities of

soy protein concentrate (SPC) films prepared from soybean meal

Concentration Ratio Thickness WVP," WVP2 Error?
(g/g SPC) (GLY : SOR) (Km) (ng-m/m?-s-Pa) (ng-m/m?-s-Pa) (%)
100:0 644 £ 37 0.47 £ 0.01% 0.84 + 0.01* 43%
04 g/gSPC 50:50 664 £ 29 0.45 + 0.02¢ 0.74 £ 0.03°* 40%
0:100 66.7 + 3.9 0.40 + 0.02° 0.62 £ 0.04° 35%
100:0 710 £ 6.4 0.55 £ 0.04*® 1.01 £ 0.06* 46%
05g/gSPC 50:50 680 + 5.6 0.48 + 0.02™ 0.81 £ 0.03** 42%
0:100 713 £ 66 0.43 + 0.02¢ 0.67 £ 0.02% 36%
100:0 788 + 94 0.63 + 0.11* 1.11 £ 0.27* 45%
06g/gSPC 50:50 753 £ 52 0.53 + 0.03% 0.91 £ 0.06" 41%
0:100 745 + 54 0.46 £ 0.03% 0.72 + 0.06* 35%

""Water vapor permeability calculated by ASTM method.

DWater vapor permeability calculated by correction method.

Y Error = (WVP,/WVP)x 100

“Means + Standard deviation (n=4).

sb=4=Superscriptive letters in a column indicate significant difference at p<0.05 by Duncan's multiple comparison
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Fig. 2-3. Effect of plasticizer (glycerol and sorbitol) ratio and concentration on
water vapor permeabilities of soy protein concentrate films with thickness of 60

pm.
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Table 2-6. Effect of plasticizer (glycerol and sorbitol) ratio and concentration on Hunter values (L, a, and b),

total color differences (AE) and yellow index (YI) of soy protein concentrate (SPC) films"

Concentration Ratio ’ Thickness
(g SPl) (GLY:SOR)  (um) L a b AE YI

100:0 51412387 8935+ 0.34° -0.53 £ 0.03 14.99 £ 0.07 14.32 £ 0.09° 2396 = 0.03*
0.4 g/ g SP1 50:50 59.52£205 9071 £0.14° -071 £ 0.04° 13.18 £ 0.18° 12,10 £ 0.20° 20.75 z 0.31°
0:100 7367+ 190 8942+ 023" -0.62 £ 0.03° 1455 £ 0.19™ 1390 £ 0.13° 23.24 + 027°

100:0 5533+202 8879+ 036" -0.64 £ 003 1672  0.14° 16.13 + 0.29® 26.91 + 0.34*
05g/gSPl  50:50 6615+ 504 8843 £ 1.52® -0.44 + 0.12° 14.46 + 0.35° 14.35 + 0.82* 2337 + 0.68°
0:100 7074 £403 8610 £ 0.61™ -0.50 £ 0.06° 15.02 + 0.41™ 16.10 = 0.68® 2493 + 0.85°

100:0 6048 £4.85 9035 025 -0.73 + 0.01° 1453 £ 0.11™ 1349 + 0.20% 22,98 £ 0.23°
06g/gSPI  50:50 5859250 8955+ 0.52* -0.55 % 0.03* 1509 £ 0.59 14.32 + 0.74™ 24.08 £ 1.06™
0:100 80.59+£879 8561 374 -022 + 009" 1484 + 027" 1639 + 2.65° 24.80 + 1.51*

"Films were placed on top of a standard white plate (L=95.91, a=0.00, and b=2.27).
YMeans # Standard deviation (n=3).
***ISuperscriptive letters in a column indicate significant difference at p<0.05 by Duncan's multiple range test.
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&) Ftaod Ge £ 9
1) F&54

g g Hzd JHAPEES AFHoln 29 4%& go] oy
T3 FEL 7haAY A4S dodn LA Yol ¥ "EY FEA
23R4S U SA4E AAFste FoT A 2 F Ao t&AY H
7b o EfHld @ "BEY S2EEIHE T o] E Fig 249 41
Bt SREFFIHE YPAHAAY FUE=S FEEFF BAE U
Bl ez B dFdA "WE AEEo HYPo =gsed ad 7Re
7haAle] 27 & "ES 22 AUERAAN AFHAS A MF =A
Fyol| =gt o] dFHHAZ AT HAPEEY] FTLEFFIUL
H47td taA FF 2 sxol wE g2 detwd. dF ddFEedA
YEgo FEFFE T2 AR glycerol AL YEo] 7FAAZ sorbitolE Al
£33 R & o2 UeHEt I FAdE taAdME TtaA 9
FTE BT E FEEF] U olt 7t&AZ AHEE glycerol# sorbitol
o A+ F=rt 9d B 3 £F AL YTt AR Golste sta
Ao FFEHol A2 by gfez Algdd

Q2) ddEx=d BHE 7IAH 54

I EEY 7IAH 5A4L 498 FH9 Zdszd e IA ¥
Aoz Jepgrh &, X7t H%AA 75%=2 F7tgd] et 989 A42 %
T 7t2AY FF9 wxo wet 14-32 MPao] FFo|A 14 MPa o|8t=2 %
st on olgjd Augke mE "HEFY AAZEY WMIEs HdFE
75%01 gl e & Aol & HolA Fhth(Fig. 2-5).
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Equilibrium moisture content (d.b %)
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0.3 g plasticizer/g SP|
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0.5 g plasticizer/g SPI 0.7 g plasticizer/g SP|
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Fig. 2-4. Effects of plasticizers on sorption isotherms for soy protein concentrate films at 25°C

—o— Glycerol, --0- Sorbitol
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Fig. 2-5. Effect of relative humidity on tensile strength (TS) of soy protein

isolate films prepared from soybean meal.

—O— Glycerol, —O— Sorbitol
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Fig. 2-6. Effect of relative humidity on elongation (E) of soy protein

concentrate films prepared from soybean meal.
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. 4 vuy 9s

4 2AZRH AL ES AT W 7FAAZ glycerol, sorbitol 2
gl glycerol# sorbitold] 1:1 EFEL H7Istg S o HEQ 7ANEANS
£33l o|E Table 2-70] YelAct. 2 A} 74 AY Fxe EFu]
e FEo 7144 548 dFddAG {FASHA txAY =7t 285
E JAAFEE ZAd9on YT 7taA TEAN "E9 QZAEE 7t
LA 2 sorbitol S H7tetH S o 7HF =to™ glycerolS 713U E of st
F e Roz velddt AZAEL /1A Z sorbitol2 0.3 g/g WPCe 3 &
2 #7189 e dos AAZEE 107 MPa2 & < HIAT AFFo]
58%2 W e BYen 4} BAAI A 44E dede HEoz
PR Rez AlgdgAed b} AFECl 2 glycerols EF H7ME
HEE 16.1%2 ¥ AFEE BA 7tAaAY Fxo ©E AFE Wsh
£ 7t2Ale X7 03 g/g WPColA 04 g/g WPCe2 Z713to wa} A%
Ex Z7sl oy 7taAle 57 04 g/g WPCAlA 0.5 glg WPCOZ %9
dets AZES M7l e Ao detgo ol AR RH fYyIY
A2 Az & A% taA9 FEE 04 g plasticizer/g WPCEZ Z A3}
£ Aol A% JIAAEAC] ¢4 ES AZxY + Udn BEHIoH,
7bAaA 2 sorbitol & HIME WEL JARAEE =A Jdelgey 3 F
T2 FEFLE AT "o H(culing)o)l Ao 2 ATdAME 7tAAR
glycerol3} sorbitolg 1:12 EF H7Iste Wo] 713 AH{gH "oz Atz F
At FHIYH "UEY FEFHEY NHAFHE = Table 2-80] Yebd v}
9} go] 7taAe FF 2 wxo wat 04994 0.69 ng'm/m”s-Pad] WS
Eo Qifdde Azxd 959 FEFHEY v&¢ 3e 240
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Table 2-7. Effects of plasticizer mixing ratio on mechanical properties of whey

protein concentrates (WPC) films prepared from whey powder

concentration Mixing ratio Thickness Tensile strength Elongation
WP GLY:SOR
(e WPC) ) ) (MPa) (*%)
100:0 80.6 = 10.8" 7.7 £ 1.1¢ 11.7 £ 6.7*
0.3 50:50 89.7+ 95 9.6 + 0.8° 16.1 £ 4.5*
0:100 81.7+ 45 10.7 £ 0.9* 58 £ 1.6°
100:0 982+ 99 3.5 £ 04° 298 = 7.1°
04 50 : 50 83.6 + 9.2 6.2 £ 0.6° 28.5 + 8.5°
0:100 87.8 £ 10.1 7.8 £ 0.5° 270 = 7.0
100:0 91.1 £ 6.1 27 £ 0.3° 28.8 + 4.5°
0.5 50:50 1059 = 134 43 £ 0.3° 315 £ 5.6°
0:100 879 99 56 = 0.2° 28.3 = 8.8°

"Means + Standard deviation (n=10).
*b¢Superscriptive letters in a same plasticizer concentration indicate significant difference at

p<0.05 by Duncan's multiple comparison.
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Table 2-8. Effect of plasticizer ratio on water vapor and oxygen permeabilities of

whey protein films from whey powder

Plasticizer conc. Mixing ratio Thickness WVPY op?
(g/g sample) (GLY : SOR) (pm) (ng'm/m*s-Pa) (fL-m/m?s-Pa)

100:0 790 = 10.7Y 056 £ 0.03* 0.0646

04 50:50 820 + 33 0.53 = 0.05° -
0:100 822 £+ 5.7 049 = 0.04° 0.0236
100:0 829 + 13 069 + 0.03° 0.0807
0.6 50:50 8.6 + 7.0 0.58 + 0.05° 0.0251
0:100 80.2 + 2.6 0.50 + 0.04° 0.1129
100:0 849 + 4.1 0.69 + 0.03° 0.2649
0.8 5050 874 + 8.6 0.64 + 0.05 0.0526
0:100 947 + 1.3 0.59 + 0.04° 0.0508

PWater vapor permeability

J0xygen permeability

Mean + Standard deviation.

*Superscriptive letters in a same plasticizer concentration indicate significant difference at

p<0.05 by Duncan's multiple comparison.
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FHE WHEg AFEo 4% Rz Yegd.

—166 —



Table 2-9. The effect of plasticizers on the mechanical properties of edible films

from rice protein concentrates (RPC) extracted from rice wine meal

Plasticizer Plasticizer Thickness  Tensile strength  Elongation
concentration ratio
(¢/g RPC) (GLY : PEG)  (um) (MPa) (%)
100 : 0 63.5+6.5" 5.5+0.7° 3.6+0.5°
0.2 50 : 50 743+3.0 5.1+£0.4° 6.4+0.6°
0 : 100 72.9+4.0 51105 6.9+22
100 : 0 57.3+43 3.6+0.2° 15.0+3.4°
0.4 50 : 50 62.3+72 2.5+0.2° 23.6+5.7T
0 : 100 624+75 2.5+0.3° 133+1.9°
100 : 0 710111 1.6+0.2° 17.0+3.2°
0.6 50 ; 50 658+ 119 13+0.1° 243+4.1°
0: 100 61.8%58 14202 140+ 1.8
100 : 0 64.0+59 1.10.1° 112+08°
0.8 50 : 50 69.7+69 1.0+0.1° 18.0+3.0°
0: 100 70.5+10.7 1.0+0.1° 15.1+2.6°

"Standard deviation.
LLb‘°Superscriptive letters indicate significant difference at p<0.05 by Duncan's multiple

comparison within the same plasticizer concentration.
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Table 2-10. The effect of plasticizers on the water vapor permeability of edible

films from rice protein concentrates (RPC) extracted from rice wine meal

Plasticizer ratio Plasticizer Thickness Water vapor
concentration permeability
(GLY : PEG) (/g RPC) (um) (ng'm/m’s-Pa)
0.2 56.8+4.0" 0.45+0.03°
100 : 0 0.4 50.7+3.2 0.44+0.03°
0.6 620+ 1.9 0.5410.03°
0.8 58.1+£2.9 0.53%0.03
0.2 54.1t4.1 0.36:0.03°
50 : 50 0.4 553+3.4 0.43+0.05"
0.6 60.0+7.0 0.51+0.08%
0.8 649+1.9 0.56+0.01°
0.2 58.1£2.9. 0.34%+0.02°
0 : 100 0.4 56.4+3.0 0.44£0.02°
0.6 61.2+5.7 0.51£0.06"
0.8 623143 0.54+0.03°

"Standard deviation.
**“Superscriptive letters indicate significant difference at p<0.05 by Duncan's multiple

comparison within the same plasticizer ratio.
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Table 2-11. Relationship between thickness and water vapor permeability of rice

protein concentrate (RPC) films extracted from rice wine meal

Plasticizer  Plasticizer Thickness Linear equation r?

ratio” conc.
(¢/g RPC)  (um)

0.2 56.8+4.0”7  WVPY =0.0059 x T + 0.111 0.7285
100 : 0 04  50.7+32  WVP =0.0083xT +0.015  0.9063
06  620%*19  WVP =0.0091xT —0026 02573
08  58.1%29  WVP =0.0075xT +0.088  0.5600

0.2 54.1%4.1 WVP =0.0065XT + 0.005 0.6240
50 : 50 0.4 553134 WVP =00123XT -0.251 0.8793
0.6 60.0+7.0 WVP =0.0109XT -—0.145 0.9954
0.8 649%19 WVP =0.0057XT +0.193 0.6623

0.2 54.7£3.6 WVP =0.0061 X T + 0.008 0.9951
0 : 100 0.4 56.4%3.0 WVP =0.0042XT +0.196 0.3054

0.6 61.2+57 WVP =0.0107XT —0.151 0.9995

0.8 62.3143 WVP =0.0061 XT +0.152 0.9999

Yglycerol : PEG 200
Deorrelation coefficient
Standard deviation
“'Water vapor permeability
*Thickness
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Fig. 2-7. The effects of plasticizers on the water vapor permeability
of edible films from rice protein concentrate (RPC) with thickness
of 60 pm.

—0O— 0.2 g plasticizer/g RPC, —{3— 0.4 g plasticizer/g RPC,
—O— 0.6 g plasticizerig RPC, —<— 0.8 g plasticizer/g RPC
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Table 2-12. Effects of cross-linkers on mechanical properties of soy protein

concentrate (SPC) films prepared from soybean meal

. Concentration Thickness Tensile stren Elongation
Cross-linker %) (um) (MPa) gth (‘i)

Control 66.0 + 14.3 6.6 + 04* 60.9 £ 12.8°

0.05 733+ 72 6.6 £ 04° 56.5 + 11.4*

0.1 723+ 6.0 6.4 + 0.5 529 + 12.6*

Ascorbic acid 0.2 729+ 134 6.4 + 0.8° 544 £ 11.1°

04 737+ 119 63 + 0.8® 495+ 119

0.6 713+ 6.6 64 £ 0.5 514+ 199

0.8 688+ 9.8 6.3 + 0.4® 540+ 94°

1.0 657+ 54 6.0 + 0.3 56.9 + 11.1*

Control 66.0 £ 14.3 6.6 + 04° 609 + 12.8*

0.05 658 £ 11.1 6.5 + 0.2% 39.9 £ 10.9°

0.1 714+ 8.6 6.5 £ 0.4 444 + 74>

Succinic acid 0.2 695+ 9.7 6.2 £ 0.5° 456 + 83%

04 689+ 75 62 + 02%® 53.5+ 10.6®

0.6 696+ 89 6.3 + 04® S51.8+ 11.0®

0.8 698+ 49 63 + 0.5 41.5 £ 12.3¢

1.0 66.6 £ 10.7 64 + 0.7® 36.7 £ 11.0°

Control 66.0 £ 14.3 6.6 + 0.4° 609 + 12.8°

0.05 69.8 + 10.7 7.1 + 0.6% 40.6 = 10.7°

0.1 658+ 4.2 73 + 0.5% 425 + 10.4°

Citric acid 0.2 66.6 + 5.1 79 £ 0.5° 42.1 £ 13.6°

0.4 678+ 6.7 7.6 £ 0.4% 50.4 + 10.5°

0.6 629+ 88 78 £ 0.7 440+ 82°

0.8 666 + 64 72 + 0.7¢ 47.1+ 9.0°

1.0 683+ 94 7.0 £ 0.5% 413+ 9.1°

YMeans + Standard deviation (n=10).
*bedQuperscriptive letters in a same cross-linker indicate significant difference at

p<0.05 by Duncan's multiple comparison.
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Table 2-13. Effects of cross-linkers on water vapor permeabilities of soy protein

concentrate (SPC) films prepared from soybean meal

. Concentration Thickness WVvP,"
Cross-linker %) (um) (ng-m/m?s Pa)
Control 663 + 10.8% 047 + 0.10
0.05 674 + 3.2 0.50 + 0.06
0.1 644 =+ 3.7 047 =+ 0.05
0.2 659 =+ 8.5 048 + 0.06
Ascorbic acid 04 630 <+ 5.8 045 =+ 0.06
0.6 648 <+ 4.1 048 £ 0.05
0.8 655 + 39 047 = 0.05
1.0 628 + 23 047 = 0.06
Control 663 = 10.8 047 <+ 0.10
0.05 64.1 =+ 83 048 <+ 0.08
0.1 644 + 6.4 047 <+ 0.05
0.2 679 =+ 9.6 050 =+ 0.11
Succinic acid 04 588 =+ 5.6 042 = 0.04
0.6 660 =+ 2.9 047 =+ 0.03
0.8 669 <+ 3.7 047 = 0.04
1.0 63.1 + 6.3 044 =+ 0.04
Control 663 + 108 047 =+ 0.10
0.05 680 + 11.0 047 =+ 0.06
0.1 669 = 2.0 047 = 0.02
0.2 63.7 + 2.7 044 <+ 0.04
Citric acid 0.4 639 <+ 1.9 046 <+ 0.02
0.6 727 % 7.4 052 + 0.03
0.8 654 + 5.6 047 <+ 0.07
1.0 676 £ 9.0 047 <+ 0.05

YWater vapor permeability calculated by ASTM method.
“Means + Standard deviation (n=4). No significant (p<0.05) differences were detected

among WVP, means by Duncan’s multiple range test.
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Table 2-14. Effects of cross-linkers on mechanical properties of whey protein

concentrate (WPC) films prepared from whey powder

Cross-linker Concentration  Thickness Tensile strength Elongation
(%) (um) (MPa) (%)
Control 86.5 £ 10.0 6.6 £ 0.22 26.9 + 5.4*
0.1 83.1 £ 11.1 6.3 + 0.2° 26.1 + 3.5°
Ascorbic acid 0.3 89.9 = 14.3 6.3 £ 0.3° 28.8 + 4.1°
0.5 848+ 74 62 £ 0.1° 28.3 + 5.5*
07 868+ 115 5.7 £ 0.3° 27.6 £ 5.8
Control 865+ 100 6.6 + 0.2° 269 + 54
0.1 835+ 7.1 62 + 0.2° 26.9 + 4.8°
Succinic acid 0.3 805+ 5.9 62 + 02° 28.6 £ 3.5°
0.5 68.1 £ 93 6.0 £ 0.2° 26.0 + 4.6
0.7 822+ 10.0 56 £ 0.1° 27.6 £ 6.5
Control 86.5 + 10.0 6.6 £ 0.2° 26.9 £ 5.4°
0.1 846+ 8.0 75 £ 0.2° 348 + 7.2*
Citric acid 0.3 836+ 9.5 78 £ 0.2° 324 + 4.4°
0.5 852+ 120 74 + 0.2° 269 + 5.6°
0.7 83.6+ 73 75 + 0.3° 26.5 + 4.3°

YMeans + Standard deviation (n=10).
**<Superscriptive letters in a same cross-linker indicate significant difference at p<0.05

by Duncan’s multiple comparison.
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Table 2-15. Effects of cross-linkers on water vapor permeabilities of whey protein

concentrate (WPC) films prepared from whey powder

o Concentration Thickness WVP,"
Cross-linker %) (um) (ng:m/m’s Pa)
Control 793 + 4.9 0.48 + 0.02
0.1 796 + 7.0 0.51 £ 0.07
Ascorbic acid 0.3 806 £ 5.5 0.53 + 0.05
0.5 81.7+ 1.5 0.50 = 0.00
0.7 785 + 2.1 0.50 £ 0.02
Control 793 £+ 4.9 0.48 + 0.02
0.1 844 + 92 0.52 = 0.09
Succinic acid 0.3 825 + 105 0.51 £ 0.04
0.5 71.7 £ 12,7 0.44 £ 0.06
0.7 81.7+ 93 0.55 £ 0.09
Control 793 £+ 49 0.48 + 0.02
0.1 789 + 3.2 0.50 £ 0.02
Citric acid 0.3 786 £+ 64 0.49 + 0.05
0.5 81.7 + 11.5 0.50 £ 0.06
0.7 95.1 £ 14.1 0.55 = 0.08

DWater vapor permeability calculated by ASTM method.
"Means + Standard deviation (n=4). No significant (p<0.05) differences were detectec

among WVP, means by Duncan’s multiple range test..
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Table 2-16. Effect of cross-linkers on tensile strength and elongation of edible films

from rice protein concentrates (RPC) extracted from rice wine meal

Cross-linker ~ Concentration ~ Thickness Tensile strength  Elongation

(g/g RPC) (um) (MPa) (%)
Control 729+40" 5.1+0.5¢ 10.0+2.6%
0.5 76.7+59 5.0+0.4 121%2.6%
NaCl 1.0 80.4+9.8 41403 142+29°
2.0 802126 34102 183+25°
0.5 748+5.0 44028 9.3+3.3%
CaCl, 1.0 75.9+4.0 434038 93+4.2%
2.0 81.4+72 3.7+03" 9.4+29%f
Sodium hydrogen 0.5 75.0%5.6 6.1 104" 6.510.8%
sulfate 1.0 73155 5.4+0.5% 6.0+1.38
2.0 79.0+6.2 5.3+0.4% 7.1+ 1.4%
0.5 70.8+11.3 6.1+0.4% 6.0+1.4%
Ascorbic acid 1.0 75.3+4.0 5.4+03% 11.0+3.0%
2.0 72.5+52 5.4+0.4% 12.0+2.2>
0.1 748+4.7 63402 9.5+1.5°%
Succinic anhydride 0.5 75.9+5.0 6.1+0.2% 57+1.18
1.0 78.0%5.0 5.6+0.3% 77+1.0%
0.1 76.1+53 5.8+0.4% 99+22%
Citric acid 0.5 758+5.5 5.8+0.2% 9.5+].7%
1.0 78.7+5.5 52402 11.6+2.5%

“Mean + Standard deviation.
weedefoguperscriptive letters in a column indicate significant difference at p<0.05 by
Duncan's multiple comparison.
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ngm/m*sPal 2 tZFo Hla Frlsidou, o] F$E A stmAls
Hrteted Azg HEY FEFATE JtaAde FF ¢ FSd o
0.44-0.53 ngm/m*s-Pas] WS B )ZF(048 ngmm>sPa)st &zt
(p<0.05)7} = HRe=2 deuch £ dF9 A9} FAFHA, Stuchells
Krochta™%= horseradish peroxidaseE 7}l 2 Al&3t) SoHad Y22 A
Z39 S o g9 FEFATE a42HYsA & AR )7t YT
213ty o, Ghorpade & T U AL acylationAl 7| ALY & CaClLE
Yrrete] S d S JtuZAYgstd &S AzaAE o NAYEHLLS AN
doy FREAEE Aolrl AU T B ustgr). o5 AT RE sl
g AH8ete sty oz ol g JtuAdYstd WEL AzRsHer A5
gl AL FEFATAE  4FE vAx B3 Aoz B
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Table. 2-17. Effect of cross-linkers on water vapor permeability (WVP) of edible

films from rice protein concentrates (RPC) extracted from rice wine meal

Cross-linker Concentration Thickness wvp!
(%) (g/g RPC) (m) (ng-mVm’-s-Pa)
Control 73.9+9.1? 0.48 +0.05™
0.5 72.8+9.1 0.48 +0.03™
NaCl 1.0 69.5+4.4 0.48 +0,02>4
2.0 723%39 0.54%0.03
0.5 70.6+2.6 0.47+0.01%
CaCl, 1.0 71.8+20 0.47+0.03%
2.0 78.8+48 0.56+0.01°
Sodium hydrogen 0.5 76.8+6.4 0.47+0.05%
sulfate 1.0 73.8+59 0.48 +0.02>
2.0 799472 0.53+0.05®
0.5 71.9%6.5 0.48 + 0,02
Ascorbic acid 1.0 729+1.7 0.47 £0.03>
2.0 71.4+93 0.46 +0.06™
0.1 708+ 1.1 0.44 +0.02°
Succinic anhydride 0.5 70.8+5.0 0.47+0.01%
1.0 762+ 6.4 0.51+0.06™
0.1 76213 0.480.02"
Citric acid 0.5 73.2+3.0 0.45+0.02%
1.0 76.0£2.9 0.480.02%

“Water vapor permeability.
PStandard deviation.
‘b‘“dSuperscriptive letters indicate significant difference at p<0.05 by Duncan's multiple

comparison.
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o 7hrEE ey 9%
D dFeyde steles A2 BE5A

00IN HCIZ A7FE3AE 308 ol 8% F5 FAYF FEd w3
o 59 ARAE 2 ARE ZF7 Bade B YFig 2-8)2 UEhdle] %
71l AR 7t Alzbo]l AAdA REE 4 £ UG B2F Ay
MrRHE & s B8¥AEC 875HE Helol=9f Zolxo Y FHolA
YEE Az 25 B4 o]FoAA ¥ AL A€ AT E
gt P4 JtRAE Hristg BES EPMAARE Lobr st
(Fig. 2-9). 7taA2s SRR FAotujxdQl ol g-ofvxrjg}
acylation ¥ phosphorylationS F& Z¥S ¥AHE 4 U+t succinic anhydride,
formaldehyde, glutardialdehyde 9 di-phosphorous pentoxideE A3t}
succinic anhydride® #H7}8tAE 3% AlRFo] F7Hgdd wet AFZ =7 7
2% 2L Jelddd. ole acylationA] A HE oA EALS negative
charge {4 R ZAY3A & FHZ SATY] e d¥A BT FA7)
A oukg 2@ shAA 982 7i)dsEe oeE Azbdr.  di-phosphorous
pentoxide = H] =¥ ZFFE Jehlen o] £ INYLEFAL LY net
charge7} negativeZ W@ slo] BEFPFxdol YMyr] Wiz AdE
formaldehyde= "E 9| AAF =l 2 HFEHE o7)3A] Aoy gdax #FA3)
= A%g JehWd e ol formaldehyde7} 7hAaAle] Hde #r) oz
At 9ot glutardialdehyde:= Wi o2 ot& 7taAd vlstd & ARFE
& YERHA LT 6% 717 2 AR ABEE JEHUUY.
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WA ¥ "9EIAHEAAd JtEAE HMEHAE W succinic
anhydride < di-phosphrous pentoxide < formaldehyde < glutardialdehyde2] +=4] =
gge ARREI Z7hete AL YU ol& Ede 2 o Agd
7} 2 A} Fol| A glutardialdehyde7} 7}3 A3 Roz2 Byt =§ ol st
A7%E EUE A7FES A D glutardialdehyed] A1 £3FE A3l WE
o] £4¥35E Yoln gth(Fig. 2-10).
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F42 718 &+ QAU Y TAATF Ygol sy e SEFAEHL U
BT At Rl o3 FHY 99 ABE Yolwy] Ael FHT
g AAHo2 el o5 FH4E A Fol s NaClE H7}
stde B HeRasd AzY WEN WET ARFEES mYoy AR

e ge dehith AsRastd Axd BB AR
AAH o2 NaClg ¥7He WERT ¥ 44&S vehd Re
gol x3 Yol ARl g JPA Aoz AsEch £Y FAATY
gl AAHOZ NaCl& H7bste] AZ% BEo| A5EAstd Azd BE
BT B FEAUSHL Uehle 02 Bt WEAEA 12 SAd 2
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Fig. 2-10. Tensile strength(TS), percent elongation(E) at break of
SPI films at various conditions
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Fig. 2-11. Tensile strength, Percentage elongation at break, and Water
vapor permeability( WVP ) of Soy Protein Isolate ( SPI) films
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F AU Hetd WEYY LY AZA ALEE pHZ YA BE BHUS
7t AE Aoz AAHe 3 P LdolRArhFig. 2-12). YS9 QIARE
5P 84 pHE NaOHZ Z A3 A S 2 $2o NHOHE 2A3AL
%7 A pH HAE@~12)olH £ Z¥S Yellidth o]= NaOHZ pHE
ZR8He B¢ LEYH LA o] 29 aHE Yehlr) g8 RoeZ A}
g9c. A% AY &L FY pHAlM NaOHZ pHE ZAHJ 2497 & #
< vetlo] AFE Fdd AdA Feo A ASE FAY £ AU

fr

3) 99 FF 2 ionic strengtho] w2 SPI W&o AW

LA FIY ISP A7h4E 8 E(hydrolysate)2 Al 2§ WEL F
BE wls] A&l o 50% HE FFEHJULY AFFE R FEATEA
2 Rokxle B¥E JEliAth(Fig. 2-11, Fig. 2-15). 7tsE8 849 F3814
AEHE 4 AAY 5L FHYUEY AFAFE( 5.3Mpa Yo RoAE
Bolz ¢fttHFig. 2-13). ole BEY UAAAREE AHeA = 2902 ol
9 viFchE gubAe Asieh Yx st SPI 2 SPI hydrolysate2 A 2 &}

£< glutardialdehydeZ 5 58(0.5%, 1.0%, 1.5%, 2.0%)Z H7tA] 2% A
7HE we ABBES FEACEAL S YU AD(Fig. 2-11). glutardialdehyde
2% % 37}%] ionic strength(0.003, 0.006, 0.009) & T & Q(NaCl, CaCl)e&
d7tst] Az SPILEL AFZ=7 99 FHo ARl d Yol et
Z43tH o, glutardialdehydet Q& &7 Al d ZF = H1 29% (5.7Mpa
— T4Mpa)7tA] F7HsteE Ao g Jelch(Fig. 2-14). FEATEA Y Hox
glutardialdehyde®} CaCLE 374 A& A$ H31 17.5%7+2 MAHQUCG. 2
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Ay A& B NaClg @502 ALR3 9o Fatd RE Ha 7
A AMAHAR(Fig. 2-14). oleid ZAIE B o SPIE WEAZA
glutardialdehyde9} CaCLE &7 A8 7§ 42 /HMAE + AL ¢ +
AAD. Y59 AABAEE salt FFo| FAIQUC) ionic strength Z 7)ol e}
Oa Zadte F%E veiden, 4382 NaClE 7t de F718e =
Aot CaCLA7tAlele W7l ek =3 £37] FEEHL CaCLE #
7t Sl @ate] AXEHE HFE JeATHFig. 2-14).
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Fig. 2-13. Mechanical properties and Water vapor permeability (WVP)
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$ B} FEE %A 30%2 F7HA P wet AZBEE 6.4 MPadlA 5.0
MPao 2 $eoHoz ZAsgdom palmitic acidE H7tg WES A$ 7t
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2 % "EY APBEL S81%E HIJo stearic acidE 5% H7i3t &
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Abel "7t =7 Fbgel welt AP EL ZAStA stearic acidE 30% H7t
8 W ¢ 29%9 palmitic acidE 30% H7Hg "WE 2 S 3.6%S e
Uik dsedd g5 e H7EAE doe Aty 37t %
7b Z7tgel wiet WE QAT AFE] FAA Fastnz 5L
dated Bad A break energy: WAL HUleA FE PFol
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Table 2-18. Effect of fatty acid on mechanical properties of soy protein concentrate (SPC) films from soybean

meal
Fatty acid Concentration Thickness Tensile strength Elongation Break energy
Ty (%) {um) (MPa) (%) (/i)

Control 692 + 70 85+ 05 581 + 12.8 2176 + 37.0*
Stearic acid 5 735+ 32 64 % 03° 22 17 627 + 228
10 73.8 + 46 6.6 + 0.4° 106 + 1.4 290 + 4.5

15 879 + 50 6.0 + 0.3 70+ 0.8 158+ 1.9

20 89.7 + 46 58 + 0.2¢ 54 + 06° 113+ 15

25 899 + 24 51+ 02 48 + 0.5 92+ 1.3

30 880 + 44 50 + 0.3 29 = 06° 81+ 20

Palmitic acid 5 71.3 + 41 72 % 05° 193 + 30 61.3 + 109
10 842 + 45 59 £ 0.3° 119 £+ 26° 296 + 72°

15 980 + 123 50+ 04 9.0 + 1% 183 + 33«

20 932+ 53 5.1+ 03¢ 49 + 05* 92+ 14

25 1005 + 22 45+ 03 50+ 09« 87+ 19

30 958 £+ 2. 46 + 0.3 36+ 02 59+ 06°

*>+4=Superscriptive letters in a column of a fatty acid indicate significant difference at p<0.05 by Duncan's multiple

comparison.
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sqge Ane ArAsSA ge Ygo FEEATE ASTM o8 =gt
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&9 72 %7 palmitic acidg H7t@¢ Y& Hoh FEFH i Ftido) -
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Table 2-19. Effect of fatty acids on water vapor permeabilities (WVP) of soy protein concentrate (SPC) films

from soy bean meal

Fatty acid Concentration Thickness WVP," WVP2 Error

(%) (pm) (ng-m/m*s-Pa) (ng-m/m’s-Pa) (%)

0 67.1 + 4.1 0.51 + 0.04° 092 + 0.10 44

5 70.1 + 1.1 0.48 + 0.02* 0.81 £ 0.0 40

10 725 + 6.1 044 £ 0.03° 0.67 + 0.03° 35

Stearic acid 15 833 + 38 043 1+ 0.02% 0.61 = 0.0 30
20 846 + 32 0.39 + 0.014 0.53 £ 0.01° 27

25 8.2 + 0.7 0.37 £ 0.01¢ 0.49 + 0.02° 25

30 850 £+ 0.2 0.38 £ 0.01° 0.52 + 0.02° 27

0 67.1 + 4.1 0.51 £ 0.04%® 0.92 + 0.10* 44

5 686 + 1.3 0.44 + 0.01° 0.69 + 0.02« 37

10 812 + 4.7 0.50 = 0.03* 0.77 + 0.05* 36

Paimitic acid 15 923+ 76 0.54 = 0.03* 0.83 + 0.05° 35
20 883 + 3.0 045 = 0.02% 0.65 + 0.04% 30

25 955 + 2.0 0.49 = 0.01% 0.70 £ 0.01% 30

30 96.3 + 8.0 0.43 + 0.03¢ 0.59 = 0.04° 27

Water vapor permeability calculated by ASTM method. ¥Water vapor permeability calculated by correction method.

3 Error = (WVP.-WVP,/WVP)x 100

wdeSuperscriptive letters in a column of a fatty acid indicate significant difference at p<0.05 by Duncan's multipl
comparison.
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Fig. 2-16. Effect of fatty acid on solubility of soy protein isolate films prepared

from soybean meal.
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Table 2-20. Effect of fatty acids on Hunter values (L, a, and b) and total color differences (AE) of soy protein

concentrate (SPC) films"

Conc.” Thickness
(%) (um)

0 61.72 1.3 8646+ 1.14® 053+ 0.18° 1316 = 021 1445z 0.71*  21.74 £+ 0.35°
s 90.7+27 8498 £ 0.82° 007 £ 022° 1729 029 1858+ 0.69* 29.07 + 0.74*
10 855+£98 8609 % 090* 003007 163109 1714x 130 2708z 1.86™
Stearic acid 15 94099 8716+ 131" 004 £ 005 1678+ 097 1695+ 1.48  27.53 x L9™
20 833x08 8667024 029% 001" 1619+ 0.11° 1671 021° 2669 £ 0.24°
25 89405 8570+ 045® 038 0.05* 1800+ 007" 1876+ 0.30° 3001 £ 0.27*
30 90.1:63 8482+ 065 057003 1798029 1924z 061*° 30.28 £ 0.72*

Fatty acid L a b AE Y1

0 61.7£13 8646 % 1.144 053 2 0.18° 13.16 + 0.21° 14452 0.71* 21.74 £ 0.35°
5 728+45 8920 % 1.01° -0.34 £ 0.10° 14.18 = 0.86° 13.68x 1.24% 2272 + 1.65°
10 845437 8879 056" -0.18 £ 0.06© 14.42 : 046" 1409 068 2321 + 0.839
Palmitic acid 15 927406 8947+ 031" -0.05+ 007 1404+ 021° 1341+ 033 224) = 040°
20 87.7+27 8880 £ 0.34° 0.21 £ 0.05° 1522 £ 0.43' 1477+ 054 2448 + 0.78"
25 98242 8849 % 0.62° 0.24 £ 0.02° 1531 % 0.44* 15012 0.67* 2472 + 0.87
30 99892 8818z 017 037 £ 007" 1562 £ 0.10*° 1543 0.13" 25.31 £ 0.17*

"Films were placed on top of a standard white plate (L=95.91, a=0.00, and b=2.27).

SConcentration of fatty acid in g/100 ¢ SPIL.

»Means + Standard deviation (n=3).

sb«d<Superscriptive letters in a column of a fatty acid indicate significant difference at p<0.05 by Duncan's multipl

comparison.
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Table 2-21. Effect of fatty acid on opacity of soy protein concentrate (SPC) films

prepared from soybean meal

. Concentration Thickness aci
Fattyacid /100 g SPI) (um) (nﬁp o.g'))
Control 63.7 £ 1.2% 268 + 1.8"

Stearic acid 5 743 + 1.2 782 + 6.4%
10 88.7 £+ 0.6 130.0 + 28.8
15 100.0 + 5.2 152.7 + 13.0%
20 88.3 + 2.9 1602 = 64%
25 823 + 0.6 1902 £ 6.0°
30 87.0 = 0.0 2216 £+ 4.7°
Palmitic acid 5 857 = 2.3 584 £ 528
10 1050 £ 1.0 1089 + 12.8f
15 98.7 £+ 2.1 154.1 £+ 36.2%
20 737 £ 1.5 1839 + 49>
25 973 + 3.8 2289 + 13.2°
30 108.0 + 1.7 246.9 + 16.8°

YOptical density

YMeans + Standard deviation (n=3).
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20% Stearic acid 20% Palmitic acid

Fig. 2-17. Scanning electron micrograph of the surface of the soy protein films with

20% stearic acid and 20% palmitic acid viewed at a magnification of 100X.
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20% stearic acid 20% palmitic acid

Fig. 2-18. Scanning electron micrograph of the cross-section of the soy protein film

with 20% stearic acid and 20% palmitic acid viewed at a magnification of S00X.
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Hlated AAZF =7 FAH(P<0.05)22 FAstEon Ayatel H7P Fxit
FNEFE QFFE Fase FFE BAd =23 ANAE Fostearic
acidg& H713k HEo AR Es) A e Row el o linoleic acid
g F7tg gEo] Aty Hrte) W ARPTY %3} HEV F2 He
2 uvEikth ZE] AFELS HE2TY A$ 23%9 22 ARES BAHLh
2| 8rAak o 2 stearic acid$} palmitic acidS #7}sk "B AL oyl ¢ B &
1.0 - 1.83%2] AZEY HAE HAon olg U7t Pty vx7F ol
of wat Faste BF¥S uUetAUrh wtdel linoleic acidE H7He "E
3¢ AZEDS 24 - 26%2A dxzFds 2 AolE Holr ¥ Aoz Y

e Mg dEY FEFHEE YrtEe AW sE7F 2018
TE gasigen, Z Ay Ff/d wel RAHZIE g2A Jdeiwd
(Fig. 2-19). &, 279 FEFIAEE Y5 FA% 75um 4 o4 060
ng-m/m’sPa® UERRLE, 2 Aparel FEE 15%2 Hrleted AMzd
daeol £EEIHEE TS5ume  FAAA  stearic acidd AL 042
ng-m/m’>-s-Pa, palmitic acid® 043 ng'm/m’-s-Pa, linoleic acid:=  0.53
ng~m/m2~s-Pa% el o stearic acid> palmitic acid> linoleic acid & £ 2 1

da Ax7F 2R
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Table 2-22. Effect of fatty acid content on mechanical properties of whey

protein concentrate (WPC) film

Fatty acid Thickness Tensile strength Elongation
(nm) (MPa) (%)

control 719 £ 86 79 + 0.5 23 = 04°
stearic acid 5% 80.8 + 47 46 + 02° 1.5 + 02
10% 798 + 6.1 38 + 04° 1.0 £ 0.1°

15% 823 + 94 3.5 4 04° 1.0 £ 0.1°

Palmitic acid 5% 95.9 +16.0 48 + 03° 1.8 + 02°
10% 984 + 8.1 43 + 02° 1.7 £ 04°

15% 914 + 26 38 £ 03° 1.4 + 0.2°

Linoleic acid 5% 73.5 + 33 73 £ 05° 25 £ 03°
10% 789 £ 6.1 55 & 04° 24 + 02°

15% 978 = 7.1 47 £ 05° 26 + 04

“Means with the same letter in a colume are not significantly different by
Duncan's multiple range test{ ¢ =0.05).
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Fig. 2-19. Effect of fatty acid content on water vapor permeability (WVP) of

whey protein concentrate(WPC) film.

—209 —
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Table 2-23. Effect of soybean oil content on mechanical properties of whey

protein concentrate (WPC) film

. Thickness Tensile strength Elongation
Soybean oil
(nm) (MPa) (%)
control 75.2 +12.1 89 + 1.1*V 3.1 = 0.7°
3% 915 + 86 6.3 + 0.6° 27 + 05°
5% 876 + 72 64 * 0.3° 27 + 0.7
7% 972 + 74 6.1 + 04° 3.5 =+ 0.8

“Means with the same letter in a colume are not significantly different by

Duncan’s multiple range test ( @ =0.05).

=211 -



‘s 0.70
=Y
0
o3 4 \‘,
g N
E 068
o0
")
iy
=
s 0.66
o O
E
o
=}
S
S 064
<
> O
S
x
3 062 1 " 1 " 1 "
0.0 2.0 4.0 6.0 8.0

Soybean oil content (%)

Fig. 2-20. Effect of soybean oil content on water vapor permeability (WVP) of
whey protein concentrate (WPC) filin.
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Fig. 2-21. Effect of soybean oil content on water solubility (WS) of whey

protein concentrate(WPC) film.
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981809 15KV 136*3»4:1, 381200 15KV 8257 3N]

Surface Cross-section

Fig. 2-22. Scanning electron micrograph of the surface and cross section of the <oy
protein (a) and corn zein (b) laminated film viewed at a magnification of 100X for
surface and of 500X for cross section. Surface is the corn zein film layer of

laminated film.
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Table 2-24. Mechanical properties of corn zein laminated soy protein and whey

protein films.

Thickness Tensile strength Elongation
Sample () (MPa) %)
Soy protein film 66.6 * 5.1 79 = 0.5 421 + 136

S-C laminated film" 1182 = 112 1t4 = 05° 234 £ 11.2°

Whey protein film 849 + 109 78 = 02° 322 = 46
W-C laminated film? 1102 = 112 12.5 0.7r 30,0 = 153

H

"Soy protein-corn zein laminated film
Whey protein corn zein laminated film

**Superscriptive letters indicate significant difference at p<0.05 by Duncan's multiple

range test
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Fig. 2-23. Water vapor permeabilities of laminated soy protein and whey protein

films of 90 um thickness.
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Fig. 2-24. Effects of plasticizers on tensile strength (filled symbeol,

solid line) and elongation (hallow symbol, dashed line) of films

with various proportions of whey powder at pH 10.
(SOR = sorbitol; PEG = polyethylene glycol 400)

—0— 0.4 g SOR/g WCM,

—e— 0.3 g SOR/g WCM,

—&— 0.3g SOR +0.1g PEG /g WCM, —=— 0.2gSOR +0.1g PEG /g WCM,

—&— 029 SOR +0.2g PEG /g WCM, —&— 0.15g SOR + 0.15 g PEG/g WCM,

—— 0.1gSOR +0.3g PEG /g WCM, —v— 0.1 g SOR + 0.2 g PEG/g WCM
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Fig. 2-25. Effects of plasticizers on plasticity ratio of the films with various whey

powder contents at pH 10. (SOR = sorbitol; PEG = polyethylene glycol 400)
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Table 2-25. Effects of cross linkers on mechanical properties of the films plasticized with 30% (w/w WCM)

sorbitol

Whey : SCV Cross linker Thickness Tensile stength (MPa) TS\ Elongation (%) [
' Conc. (%) (um) Mean Range Mean Range (%)

NaCl
50:50 0 992+ 649 144 £ 46 88-207 714 66.8 £+ 51.7 1.3 - 1698 50.0
0.1 120.7 £ 140 8.1 43 1.8-133 556 20.2 £ 25.1 03 - 64.0 22.2
0.5 122.3 £ 18.0 87+ 27 30-154 278 385 + 48.2 0.5 - 120.2 38.9
0.9 109.9 £ 10.3 92 £ 36 1.2- 131 526 316 £ 37.6 0.3 - 1022 21.1
60:40 0 1040 £ 15.1 8119 54-119 111 79.1 £ 334 389 - 1422 77.8
0.1 123.8 £ 10.3 6.2 21 1.1- 95 0.0 68.0 + 58.7 03 - 162.8 588
0.5 115.6 + 10.6 5928 1.3-113 71 484 & 535 0.3 - 1266 429
0.9 1020 + 15.8 69 24 2.7- 108 9.1 146 = 275 04 - 714 18.2
70:30 0 100.5 + 13.9 48 £ 1.6 28- 17 0.0 1309 £ 37.7 783 - 193.7 100.0
0.1 1169+ 3.1 73 +3.7 1.0-135 118 247 £ 429 0.2 - 119.6 235
0.5 11012 93 59 LS 36- 89 0.0 60.6 + 64.8 0.6 - 176.3 474
09 121.4 £ 22.1 49+ 16 22- 89 0.0 869 £ 47.6 14 - 151.7 80.0

“Sodium caseinate
DPercent of films showed over 10 MPa of tensile strength
“Percent of films showed over 50% of elongation

“Mean # standard deviation
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Table 2-25. Continued.

Whey : SC” Cross linker Thickness Tensile strength (MP2) TS, Elongation (%) [

) Conc. (%) (um) Mean Range Mean Range (%)
Citric acid

50:50 0 992+ 649 144 + 46 88-207 714 66.8 £ 51.7 1.3 - 169.8 50.0

0.1 1159 5.2 31222 1Li- 70 0.0 0.8 £ 1.} 02- 33 00

0.5 116.6 + 8.8 84 £29 1.8- 122 333 80+ 198 03 - 863 56

0.9 11702 16.3 6.5 %22 1.0- 94 0.0 5.7+ 115 04 - 495 0.0

60:40 0 104.0 + 15.1 81+ 19 $4-119 111 79.1 £ 334 389 - 1422 77.8

0.1 114+ 89 73+ LS 32-101 50 419 £ 459 04 - 1217 40.0

05 1175+ 14.8 7217 22-106 5.0 59.5 £ 533 0.3 - 1447 55.0

0.9 1240+ 84 44 +20 17- 7.8 0.0 274 £ 440 0.2 - 110.5 26.3

70:30 0 100.5 £ 13.9 48 + 1.6 28- 77 0.0 1309 £ 37.7 783 - 193.7 100.0

0.1 115.8 £ 146 5.0+ L1 29- 73 0.0 700 + 548 0.5 - 151.0 65.0

0.5 114.0 £ 159 5415 30- 8.1 0.0 92.9 x 440 0.8 - 1486 833

09 1189 + 14.6 37207 30- 5.2 0.0 123.1 £ 355 37.3 - 169.5 94.1

"Sodium caseinate

"Percent of films showed over 10 MPa of tensile strength

YPercent of films showed over 50% of elongation

“Mean  standard deviation
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Tabte 2-25. Continued.

Whey : SC” Cross linker Thickness Tensile strength (MPa) TS\” Elongation (%) Ey”

) Conc. (%) (um) Mean Range (%) Mean Range (%)
Sodium citrate

0 992+ 64% 144 % 46 88-207 714 668 = 51.7 13 - 169.8 50.0

50.50 0.1 1149+ 12,1 116 £ 30 6.7-159 714 09 03 04 - 15 0.0

0.3 1219+ 149 128 + 3.2 86-207 867 3.0 3t 12 - 62 0.0

0.5 1161130 125+ 25 75-174 815 195 + 274 05 - 830 125

0.7 1194106 123 +28 94-182 733 36.6 £ 35.8 13- 978 40.0

0.9 1153 +£122 143 £3.1 9.1-181 815 37 £ 22 08 - 81t 0.0

1.1 11792 79 142+26 59-129 125 10.7 + 21.2 06 - 38 0.0

60:40 0 104.0 £ 15.1 8119 54-119 {11 79.1 £ 334 389 - 1422 77.8

0.1 1128+ 79 17+ 17 59-129 125 18+ 1.0 06 - 38 0.0

03 121 £13.2 6423 33-128 100 27+ 24 06 - 80 0.0

0.5 1155 £ 14.) 727219 S1-116 150 39.1 £ 38.1 09- 998 50.0

0.7 1191 £ 153 8528 57-182 211 689 + 519 .\1.8 - 1283 632

0.9 1174 £ 106 73 % 14 48- 112 53 64.5 £ 499 '8 - 1338 632

1.1 115.1 £ 126 79 % 2.1 45- 142 11.8 57.1 = 514 0.7 - 136.0 529

70:30 0 1005 £ 13.9 48 + 1.6 28- 7.7 0.0 1309 £ 37.7 783 - 193.7 1000

0.1 1148 £ 156 73121 38- 106 6.7 11,6 + 28.1 0.7 - 110.1 6.7

0.3 1140 £ 18.7 51 +£21 29- 106 5.0 95.2 + 394 4.7 - 1674 90.0

0.5 1219+ 9.1 43+ 1S 34- 90 0.0 1119 + 36.5 86 - 1575 9.1

0.7 1084 + 13.2 48+ 1.3 36- 92 0.0 1128 + 463 1.7 - 166.7 882

0.9 1137+ 84 42+ 09 32- 64 0.0 117.3 £ 27.7  65.5 - 159.3  100.0

1.1 1120+ 80 4513 33- 80 0.0 1264 £ 360 34.5 - 166.3 88.9

YSodium caseinate, "Percent of films showed over 10 MPa of tensile strength, YPercent of films showed over 50% of elongation,

“Mean # standard deviation
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Table 2-26. Effects of cross linkers on mechanical properties of the films plasticized with 40% (w/iw WCM)

sorbitol
Whey - SCV Cross linker Thickness Tensile strength (MPa)  TS,” Elongation (%) [N
Y Cone. (%) (um) Mean Range (%) Mean Range (%)
NaCl
0 121.9% 107" 63 1.0 52- 88 00 1226 % 143 100.4 - 153.7 100.0
50:50 0.1 131.1 £ 129 12029 38- 167 850 396 + 43.8 04 - 1133 40.0
0.3 117.7 £ 185 104 £ 45 62-220 400 83.5 + 50.7 39- 1393 750
0.5 1173+ 116 81+22 55-125 250 847 + 435 22 - 1452 80.0
0.7 1412+ 5.6 79+ 26 50-136 250 1100 % 507 14.1 - 1933 90.0
0.9 1298 + 180 7.7 +21 60- 134 200 1052 + 29.7 52 - 139.7 95.0
60:40 0 1713+ 158 39+ 09 29- 6.2 0.0 1319+ 329 86.1 - 171.3  100.0
0.1 1308+ 126 5.1 %20 34-106 50 111.0 £ 390 18.2 - 163.9 95.0
03 1407 9.1 47+ 2.0 3.1-11.0 5.0 1107 2 32.6 49.7 - 1720 95.0
0.5 1488+ 8.0 5323 30-103 10.0 85.7 £+ 379 31- 1324 80.0
0.7 115.5 £ 13.5 104 £ 26 69- 16.1 50.0 538 £ 478 1.5 - 1423 50.0
09 1334+ 98 73+19 43-11.1 15.0 58.1 = 58.6 06 - 1518 50.0
70:30 0 1145 £ 10.7 31210 14- 51 0.0 1390+ 183 1184 - 176.5 100.0
0.1 134.1 £ 19.2 4.1 1.8 21- 8.0 00 100.1 £ 478 4.2 - 1664 90.0
03 118.3 £ 29.5 47+ 24 19- 86 00 1048 x 499 46 - 1768 889
0.5 124.1 + 28.2 44 £ 21 22- 100 00 1204 z 64.0 10 - 189.8 833
0.7 103.5 + 16.3 43+ 1.8 26- 83 0.0 97.5 £ 59.9 1.7 - 1583 66.7
09 127.0 £ 29.2 4.1 £22 16- 97 0.0 855 £ 55.3 0.6 - 1649 69.3

"Sodium caseinate, ?Percent of films showed over 10 MPa of tensile strength, *Percent of films showed over 50% of elongation,

“Mean # standard deviation
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Table 2-26. Continued

Whey : SCV Cross linker Thickness Tensile strength (MPa) TS,.” Elangation (%) EyY
i Cone. (%) (um) Mean Range (%) Mean Range (%)
Citric acid

0 12192 107" 63%10 52- 88 00 12264 (43 1004 - 1537 1000

50:50 0.1 1349173 76+ 1.6 47-104 SO 6854 595  14-1752 550
0.3 1192+139 80211 S$0- 97 00 821488  22- 1411 750

0.5 1222£103 75214 38- 92 00 670+ 580  08- 1463 579

07 1257107 77+ 16 40-103 50 751+ 555  14- 1451 650

0.9 1304131 74£12 S1- 94 00 8394528  35- 1558 750

60:40 0 170132158 39409 29- 62 00 1319329  8.1- 1713 1000
0.1 12354231 S2:12 34- 79 00 1254% 192 873 - 1604 1000

03 127274121 48:12 32- 69 00 1120+361  S7-1651 950

0.5 1228122 54 £15 35. 78 00 950%599  42- 1717 700

07 11584136 81£19 41-130 100 3724452  05- 13901 400

0.9 1190£132 64%12 43- 84 00 864%556  13-1736 750

70:30 0 1145£107 31£10 14- 51 00 1390 183 1184 - 1765 1000
0.1 1262+ 137 36213 25- 70 00 127.2+478 564 - 2026 1000

03 1152173 39216 24- 93 00 2242 72 134- 462 00

05 12042 94 37:15 24- 85 00 1250%487 223-1852 900

07 1241£120 40% 17 20- 83 00 1191%522  36-2001 947

0.9 1248135 40%17 1.1- 88 00 10094605  04- 1986 800

"Sodium caseinate, "Percent of films showed over 10 MPa of tensile strength, Percent of films showed over 50% of elongation,

“Mean + standard deviation



Table 2-26. Continued

Whey : SC Cross linker Thickness Tensile strength (MPa) TS0” Elongation (%) Ew”

) Conc. (%) (um) Mean Range (%) Mean Range (%)
Sodium citrate

0 12192 10.7° 63 %10 52- 88 00 1226 = 143 1004 - 153.7 100.0

50:50 0.1 137.7 £ 10.0 93+ 22 69-139 389 98.0 + 39.7 33.7 - 1532 77.8

03 107.1+ 99 95 LS 75-124 375 95.7 £ 315 44.2 - 1503 93.8

0.5 1145 £ 10.7 85+ 14 62-11.0 200 94.7 + 274 28.8 - 1345 933

0.7 1089 + 12.5 83+ 10 68- 100 0.0 876 + 232 50.7 - 132.5 100.0

09 1079+ 99 86 % 16 64-125 235 81.1 £ 354 109 - 1397 824

60:40 0 1713+ 158 39+ 09 29- 6.2 00 1319+ 329 86.1 - 171.3  100.0

0.1 1265+ 17.6 9.2+ 20 63-128 250 75.9 + 40.7 1.9 - 141.7 80.0

03 1184 £+ 127 59+ 09 46- 87 00 1273 + 38.0 87 - 1700 95.0

0.5 1223 + 10.8 70210 58- 99 00 1262 £ 164 95.1 - 152.7 100.0

0.7 121.4 £ 15.5 56 1.1 43- 83 0.0 129.1 £ 236 69.8 - 1580 1000

0.9 120.8 + 12.6 54+ 12 40- 76 00 1343+ 228 109.1 - 174.7 100.0

70:30 0 1145 £ 10.7 3110 14- 5.1 00 1390+ 183 1184 - 176.5 100.0

0.1 1204 + 68 4210 26- 53 00 1479 £ 20.1 121.1 - 176.2 1000

03 118.0 + 10.2 44 + 1.0 30- 56 00 1688 + 183 138.1 - 198.0 100.0

05 1124+ 11.8 29+08 19- 45 0.0 1446 + 228 101.7 - 1828 100.0

0.7 1157 11.2 27x09 16- 44 00 1202 % 173 94.5 - 1482 100.0

09 1192+ 28 33 1.1 21- 54 00 1139 292 89.5 - 1753 100.0

"Sodium caseinate, ?Percent of films showed over 10 MPa of tensile strength, "Percent of films showed over 50% of elongation,

“Mean + standard deviation
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Fig. 2-26. Effects of cross linkers on plasticity ratio of the films with various whey

powder contents and sorbitol 30% at pH 10.

—O— whey powder : sodium caseinate = 50 : 50,
v whey powder : sodium caseinate = 60 : 40,
--0-- whey powder : sodium caseinate = 70 : 30
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Fig. 2-27. Effects of cross linkers on plasticity ratio of the films with various whey
powder contents and sorbitol 40% at pH 10.
—O— whey powder : sodium caseinate = 50 : 50

- @ whey powder : sodium caseinate = 60 : 40
—0O— whey powder : sodium caseinate = 70 : 30
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Table 2-27. Mechanical properties of soy protein concentrate (SPC) films prepared from soybean meal" of

different storage time

. Plasticizer ratio Thickness Tensile strength Elongation Break energy
Storagetimes (G v . SOR) (hm) (MPa) (%) (ki/m?)

100:0 920 + 3.8" 6.0 + 04° 518 £ 7.00 1386 + 16.5*

2 days 50:50 76.9 £ 102 61+ 02 586 + 3.3 157.9 + 104*
0:100 81.5 + 14.6 7.8 £ 0.2¢ 417 £ 6.1° 146.9 + 20.6*

100: 0 582 £ 1.3 19.4 + 3.6* 1.7 £ 014 86 + L5

30 days 5050 634 % 1.9 127 £ 0.7 98 + 89 496 + 55.2¢
0:100 706 + 44 6.3 + 04° 229 + 5.8 64.0 + 13.9°

"Samples were stored at 25°C and 50% relative humidity.
YPlasticizer concentration was 0.5 g plasticizer/g SPC.
»Means + Standard deviation (n=10),

*2+4Superscriptive letters in a column indicate significant difference at p<0.05 by Duncan's multiple range test.
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Table 2-28. Water vapor permeabilities of soy protein concentrate (SPC) films prepared from soybean meal" of

different storage time

Storage times  Plasticizer® ratio Thickness WVP,? WVPY Error®
& (GLY : SOR) (pm) (ngm/m*sPa)  (ngm/m’sPa) (%)
100: 0 710 + 64 055 + 0.04  1.01 £ 0.06° 46%

2 days 50: 50 680 + 56 048 + 002* 081 & 0.03° 42%
0:100 73 £ 66 043 + 002* 067 £ 002>  36%

100: 0 553 + 20 033 £ 001° 050 % 0.0I° 34%

30days 50: 50 661 % 5.0 045 + 002° 074 £ 002 40%
0:100 707 + 40 0.55 + 0.0  1.02 £ 0.24° 45%

"Samples were stored at 25°C and 50% relative humidity.
YPlasticizer concentration was 0.5 g plasticizer/g SPI.
“Water vapor permeability calculated by ASTM method.
“'Water vapor permeability calculated by correction method.
9 Error = ((WVP.-WVP,YWVP.)x 100

“Means + Standard deviation (n=3).

*>+“<Superscriptive letters in a column indicate significant difference at p<0.05 by Duncan's multiple range test
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Fig. 2-28. Effects of plasticizers on sorption isotherms for soy protein concentrate films prepared from soybean
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Fig. 2-29. Sorption isotherms for stored (solid line and filled symbol) and not

stored (dashed line and hallow symbol) soy protein concentrate films at 25T.
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Fig. 2-30. Tensile strength of whey protein concentrate (WPC) films stored
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Fig. 2-31. Eongation of whey protein concentrate (WPC) films stored at each
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Table 2-29. Water vapor permeability of whey protein concentrate (WPC)

films stored at each relative humidity and temperature with thickness of 72

pm.
Film Temp"” RH” Storage time
type  (C) (%) 2 days 15 days 30 days 60 days
32 0.67” 0.63 0.61 -
4 52 0.72 0.63 0.66 -
75 0.60 0.60 0.54 -
32 061 0.59 0.58 0.56
WPC 25 52 0.60 0.55 0.52 0.53
75 0.59 0.59 0.54 -
32 0.66 057 0.48 -
40 52 0.48 0.47 0.43 -
75 0.48 0.46 0.44 -
32 0.39 0.37 0.36 -
4 52 0.40 0.37 0.40 -
75 0.37 0.36 0.34 -
add 32 0.39 0.38 0.36 0.32
stearic 25 52 0.39 0.38 0.36 0.34
acid 75 0.37 0.27 0.22 -
32 0.36 0.29 0.25 -
40 52 0.38 0.24 0.21 -
75 0.39 0.34 0.26 -

l’Storage temperature
Storage relative humidity

water vapor permeability (ng-m/m’-s-Pa) calculated by ASTM method.
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Fig. 2-32. The changes of peroxide value of soybean oil stored in whey protein
concentrate (WPC) film (dashed lines and hollow symbols) and nylon metalocene

linear low density polyethylene (NMLLDPE) film (solid lines and filled symbols).
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