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Modification of Soy Protein Film by Formaldehyde

Jong Whan Rhim
Department of Food Engineering, Mokpo National University

Abstract

Two types of formaldehyde-treated soy protein isolate (SPI) films, formaldehyde-incorporated and formaldehyde-
adsorbed films, and control SPI films were prepared. Cross-linking effect of formaldehyde on selected film
properties such as color, tensile strength (TS), elongation at break (E), water vapor permeability (WVP), and
water solubility (WS) were determined. Physical properties of formaldehyde-incorporated films were not
geneally different from those of control films, while almost all of those among formaldehyde-adsorbed films
were significantly different. Through cross-linking deveiopment within formaldehyde-adsorbed films, WS de-
creased significantly (P<0.05) from 26.1% to 16.6%, and TS increased two times while E decreased two
times compared with control films. This was caused by insolubilization and hardening of protein by cross-link-
ing most likely attributed to the significant changes in properties of protein films reacted with formaldehyde.
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Table 1. Color values of soy protein films”
SPI Film L a b E YI
Control 93.44+0.2" -2.53+0.08° 12.88-0.58 11.69+0.06° 19.69+0.98"
FA? incorporated 93.1+0.2° -237+0.10° 13.99+0.45° 12.78+0.49° 21.46+0.77*
FA?” adsorbed 94.3+0.2° -0.98+0.02 7.844+0.23° 6.48+0.26° 11.8940.39°

YEach value is the mean of three replicates with the standard deviation. Any two means in the same column followed by the
same letter are not significantly (P>0.05) different by Duncan's multiple rage test.

“Formaldehyde.

32 Zo vlEl @A A F7 9 2o (Table 2)
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Table 2. Water vapor permeability (WVP) and RH in-
side cup (RHI) of soy protein films"

. Thickness ~ WVP (x 10° RH,
SPI Film (um)  gommis-Pa) (%)
Contol 74.1+04> 1961013 70.8+0.8
FA” incorporated  93.54+1.0°  227+0.11*  71.8+0.6’
FA” adsorbed 733+1.5"  1.80+0.19" 71.6+1.2°

PEach value is the mean of three teplicates with the standard
deviation. Any two means in the same column followed by
the same letter are not significantly (P>0.05) different by Dun-
can's multiple rage test.

“Actual RH values at film undersides calculated to account
for resistance of stagnant air layer between film and water
surface in testing cups. RH outside of cups was 50%.
PFormaldehyde.

maldehyde® 7} HFoll4] 3plo] Z7|gt 712 formal-
dehydes} thEehilo] wh-3-alel g Vehis 2H
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ulk-gof] °]3}01 3} o] Z7}8h 4, formaldehyde &2
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th, 2eid] gl vlAlgeht 2k g Tl g
ol 3= 71 A 2] o] 52 FE capillary dlffusiond] )3}
o ot} formaldehyde 7} ) FtidEo] %
S5t 2Tl vl w2 21 A A3 viek 2
o] gte] Z275}ell4] formaldehyde2} tHFriulo] 7}
A ubgsled R o FAFA] E3F ol
Eo{z7] wFog AzbElc)

“
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NL o

+EBT
o Fehy Y] 4345 EE Table 3014 Rtz wl
2} zto] formaldehyde#2]ol] 2J3le] f-2)4al xlo](P

<0.05)% Bold ztasidich & Esl=e 277t
26.1%91¢] ¥}5}ed formaldehyde® 7} 2 &) 24.5%, for-
maldehyde &3+ 0] 16.6%% Jefie] formaldehyde
F4 uhgo] giFdilgEe] F¥EHEE e
Bl AR Y-S & 4 sich G52 Sl 2o
Zz2 P29 AxA A H7H glycerol &
A A ]S 7kebsid, formaldehyde§-28 52} 73
< o Ee] whilgo] 2435} HSE & 4 otk 2
2o ELHEE FoEehs g 8ol gk WA
& el 202 o) e Betxel Tz o
& A=t dFhdE tiske] lysine (64 mg/g),
arginine (72 mg/g), tyrosine (31 mg/g) & histidine (25
mg/g)e] FHrEle] 9lof?”, o] 5] aldehydes} wHg-3}od
Qg 7hdehe $AsnEtd S $es)
sl RSl =g kA7) AR el Qe

IEZE W Mg

bl g ge| QA s HET7} 4.81 MPa, for-
maldehyde® 7158 &o0] 3.51 MPa, formaldehyde§-2H2
o] 10.03 MPa o]th(Table 4). 91A7F%E+ formal-

Table 3. Mosture content (MC) and water solubility
(WS) of soy protein films"

SPI Film MC (%) WS (%)
Control 273+0.1° 26.1+0.2°
FA? incorporated 26.6-+0.2° 245+04"
FA® adsorbed 28.6+0.2° 16.6+0.4°

Zapshsx| A 30d Al 2 & (1998)

dehyde®] A&l 2]3}o] f()rmaldehyde 7}%3 & 7
438k o1}, formaldehyde-2 Z-o =l
%Hﬂ*kmﬂdﬁL¥—ﬁl”ﬁﬂ_ji”ﬂ*F%HL
¢]i= LDPE (low density polyethylene)2] 2137t =7}
9~15 MPa ¥ $]¢l 718 7] spH formaldehydeF-=H2
2.5 LDPEe| v 2 ¥ gt & JEE 2 ¢ F
gJc}. o|9}7o] formaldehydeE-ZHHE2| A7}
) 2ol u] 3 26) o)A F713E A AR E S
o Al H4sle] Agel T2} 6% Aws)
A o] A7 Er} F7helA " Aoluh AARE al-
dehydexj2]ol] &)sted FepAl®, dfFd®, H
HROT g dacdul 000 23} 280 clulg Bo] FefH
7 %7} Zrbshe oll7b BaEl vl glch o] 2k3ke] for-
maldehyde 2j2]ell 2jslo] whuial o) Fed e} &
ﬂﬂ%ﬁ%“lﬂ%%h4ﬂﬁlﬁﬂﬁ% A A%
o] Ao o]g3ta 9lod, A¥F M E 7EE
$EAY o o] 437 ek

dubd o2 WE A7} Al Ateldl= vt
@A led, Ztadge st PRI EY
VI A S99, W2 8 gl
7} 23} He}. formaldehyde® 718 82 dl27-dl H]
# dAlge] W3l glsled, formaldehyde%‘-’%‘%‘%—
o gzl wla of e} sEow Faseld
(Table 4). o]2]8F ¥AHE glutaraldehydes} 7}d ¥
uvagel| oJsto] AAnAgts fEdt Febd 2§
2 7tedol o8 7t A e FEg HFEYIE?
Sola 23 v 9lek.

ol4ke] A}tz Mo} formaldehyde§-2+ Wby T*H
SR gUel b Re SAse BNUe &
M)A "Eg RSl “H'ql A& ——7}/‘1711
iﬂaO] Zgldal g 2247 £ ole dhds

Z29]t}. Formaldehydet= B]324 Zho] #la Ael&

47} ol ¥, A x|, Ak, iz HAA AxE T3 2
& AbgiHofella] whulale] A5t W 2435t A2E 9

l‘l-lﬂ

Table 4. Tensile strenth (TS) and elongation at break
(E) of soy protein films"

. Thickness
SPI Film (um) TS (MPa) E (%)
Control 700+39"  4.81+£051" 9324408
FA? incorprated  91.1+2.3* 3514017 96.7+35.1°
FA? adsorbed 75.7+30"  10.03£1.12° 50.0%+14.9°

PEach value is the mean of three replicates with the standard
deviation. Any two means in the same column followed by the
same letter are not significantly (P>0.05) different by Dun-
can's multiple rage test.

“Formaldehyde.

YEach value is the mean of three replicates with the standard
deviation. Any two means in the same column followed by
the same letter are not significantly (P>0.05) different by
Duncan's multiple rage test.

“Formaldehyde.
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