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Physical Properties of Gel and Edible Plastic from Whey and
Tapioca in Various Ratio and pH Value

Triana Lindriati, Herlina, Ahmad Nafi
Dieprtnuent of Agricuftiml Produet Teclnology fraeber Uniersity,

Carespotiding el edviatit S pilioo.com

ABSTRACT

Editle plastic usually made from hydracolkids: and could be produced by solvent casting
method whersas gel was made befora casting, Potential of whey protein combined with tapioca
as editle plastic based componenl was sludied a1 this research. pH of solvent could affect
interactian of whey and lapioca during gel preparation, The gef's characters affected on
plastic’s characters . The résearch objectives were to sludy effect of whiey and tapiaca ratio and
oM of olvent on physicat properties of gel and edible plastics. Randomized Factorial Black
Design were used, The two factors were porpotion of whey protein-starch mixture (0%, 20%,
4%, BO%, BO%, 100%) and pH of sclvent { 4, 7 and 9). Ingredsing of wheéy porpetion could
increase salubility of gel but decrease gel's lighiness and lexture, Increasing of pH could
increzse gel's solubilily and degresse Bghtness and texture. There was significant effect
(ps0,05) of whey porpation and pH iferaction on gefs characters: Increasing of whey
porpation could increase tensile strength and decrease elongation and solutelty of edible
plastics but the moreasing of lensiie strength was not significant (p=0,08), Increasing of pH
eould Increase elongation and decrease tensile strenglh and piastic's solubilty, There wasn|
significant effect (p=0,05) of whay porpotion and pH inferaction on edible plastic's characlers.
The result showed that whey addifion had decreased plastic's characters even 8t 100% whey
ratio tensile sirength and elongation value were zerg, edible plastic could not be produced from
100% whey,

Hayword: fexfure, solubiily, sfofigalion, tensie strength, interaction

INTRODUCTION

Indomesian as agricultural country has abudant source of biological polymer that coud be
explore as edible plastic. Edible plastic could be made from hydrocoloid such as polysacaride and
protein. Previous study (Lindriati did, 2007, 2007b; Lindriati dan Arbiantara, 2011) showed that
combimation of protein-and carbohydrate would increase physical and mechanical character of
edible plastic

Many researches into edible films has inwvolved the production of films from the method of
stlvent casting. Solvent casting method usually use water as solvent to disolve edible plastic
based componentand to gelatinize by heating the mixture: After gelatinitation the mixture was
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casted in order flat and transparant edible plastic could be produce. Properties of edible plastics
thal were produce from solvent casting method depend on the gel characters,

In this research tapioca and whey protein were used as edible flm based :mn]:mm'nt
Tapioca already widely used in food industry as edibie/biodegradable plastic because of
renewable, inexpensive and could produce good physical and mechanical characters (Bourtoom,
2007). Whey protein could result in plastics that were transparent, soft, flexible, odorless, colorless
and has the aroma barder properties. Mastics from whey  pratein have much disulfide hond so
the phastic was niot sasily soluble in water (Wieddyanto, 2007),

Carbohydrato-protein interactions in the pel influences quality of edible plastics. Such
interactions could be influenced by the composition and pH of the solvent. According to Gralam
(1977) and Zayas (1997), at pH where istelectric point ocour, protein solubility is low and if the pH
above isoglectric point, soubility of protein could increase. The solubility of protens would
certainly affect the interaction of the proben with carbohydrates in edible plastic,

The aims of this research were o study effect of whey protein. proportion and phl of
solvent on edible plastic properties. Outcomes of this research ‘is expected to provide a
preliminary understanding of protein-carbohydrate interactions in edible plastic.

MATERIAL AND METHOD
Muterial

Taploca and whey protein (industrial grade) were used as edible plastic based comporent
wis obtained from local market Thi: composition of the whey protein powder was reported as
T897% protein, 10% carbohydrate, 636% fat and 6,67% ash, The composition of apioca was
reporied as 4% protein, 93% carbohivdrate, 2% fat and 1% ash. Glycerol was used as plasticizer
that was p.a grade (merck). NaOF 0,2 Mand HCT 0.2 M were used to control pH of solvent.

Gel and edible plastic preparation

Gel was made by solubilizing 10 grams mixture of whey protein and tapioca into 100 ml
aqudest with variation of whey protein proportion (0%, 20%, 40%, 60%, 80% and 100), pH of
aquadest was adjusted 4, 7 and 9 by using NaOH 02 M and FICI 02 M. 235 ¢ of glycerol was
added in to the mixture and then stirred for 10 minutes, The mixture was heated with steam
{100°C) for 20 minutes to gelatinize, 10 gr gel was casted into 10 x 10 cm? plat porcelain and then
dried in regulating oven at 50°C for 20 hours. Plastics were produce by peeling from plat porcelain
and stored in desicator filled with silica gel for 24 hours, For gel observation, the gel was pour in
ta cup (50 ml) and than stored in a refrigerator (4°C) for 24 hours and gel's parameters was
observed,

Color Meavirement (Colowr Reader Minow CR-10)

Determination of color was perdformed by 'lnu-:ﬁlng the lens of color reader as clisi as
possible to the surface of material whereas white paper was lied under the plastic . The data
obtained was Lightness value (L) Measurements were performed on each sample gel from 5
different point '

Texture Measuroment (RheoTex, Type SD-70, Ogawa Seiki)

Depth which needle penetrate sample were set 12 mm and the load required to puncture
was value of texture (gr/ mm.detik), Measurements were made at 5 points on each samiple. The
scale on the monitar was proportional to the foree required to penetrate the material and it was
proporiional to the hardness of the material,
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Degree of solubility (Dahle, 1971)

Measurement of solubility of gel was done by measuring the ahsmbanm by
spectrofotometry, the value of absorbanice depend on amount of ingredients that were dissolved.
The measurement procedure begins by weighing 0.5 grams of samples put in centrifuge tubes
and 15 ml of distilled witer was added. Centrifuge was operated fn 1200 rpm for 5 minutes, The
absorbance of resulting supernatant was abserved by spectrofotometry at 650 nm wave length.

Measurement of Water Holding Capacity | WHC) (AACC, 1991, maodified)

WHC measurements was done by weighing the centrifuge bottie as a gram, then added
0,5 gram sample, Sample and bottle was weighed as b gram. Distilled water was added 7 times of
the material weight (3.5 g), The mixture was homogenized by vorteks at room temperature for &
minutes, then centrifuged at 2000 rpm for 5 minutes. The supematant was discarded slowly and
precipitate was weighed as ¢ gram,

WHC w% % 100%

Tensile stréngth and elongation (according to ASTM standards D638-94 in Chang et al, 2000)

Picces of edible plastic with a width of 10 mm and a length of 8) mm may be stored ina jar
containing silica gel for one day, Then the tensile strength was measured using a Universal
Testing Machine (Shismadau). The stze of the specimen can be seen in Figure 1

Figure 1. Tensile Test Specimens (according fo ASTM DB38-84 in Chang et al, 2000)

The tensile strength can be calewlated with this formula:
= ‘

n - 'Iq
o = tensile strength (N / mm 2) F = tensile force (N); A = area of work (mm2).
In accordance with tensile strength procedure, strain measurement was done using
Universal Testing Machine. The strain can be formulated:
Al
E=—
lrIF
£ = Strain (%); Al = length addition (mm); 10= Initial length (mm)

Solubility of edible plastic (Gontard et al,, 1992)

Measurement of solubility of edible film in water based on percentage of initial dry material
that dissolves. Pietes of edible film with-a size of 25 x 5 cm were dried in an oven 105°C for 24
hours, then weighed (a gram). After drying edible film was soaked in 30 ml of distilled waterand
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placed in & container that was covered with plastic and then stored at room temperature for 24
hours. Pick up the resembled pieces and then dried in an oven at 105°C for 24 (b gram). Solubility
value is g/ caleulated by {a-b)/a or {({a-b)/a) x 100% if the units was %,

RESULT AND DISCUSSION

Properties of edible plastic's gel before casting

The results of lightness measurements were from 2530 to 51,10, Completely Radomized
Diesign showed that lightness was significantly (i = 5%) affected by pll of solvent, proportion of
whey protein and interaction of these two parameters. The results of measurements of lightness
(L) gel as a variation of solvent composition and pH are presented in Figure 2.

- d d d d d,d d d_t.d ed d.t il .
§ an ! i
i EL] N 2
4 IJ
10 -
a L . - =
e 20% ao% BO% 8o 100%

meHd LpHT mpH hl
- el ¥
Whey protem propoertion

Figure 2. Result of lightness measurement as variation of whey protein proportion and pH of solvent,

Figure 2 showed that increasing in whey addition would decrease lighiness because whey
protein resulted in opaque color gel thit affected the value of lightness, Decreasing in tapioca
proportion would decrease the clear-colored of starch gel.

On porportion of whey 0%, 20%, 40% lightness value was not affected by pH of solvent
Increasing of pH at proportion of whey 60% and 100% would decrease lightness value, it was due
to an incréase in pH increased protein solubility resulted in formation of a homogeneous gel so
the color of whey would dominate the gel's color, Whey protein proportion at 80% increased pH
from 4 to 7 would increase lightness, while when pH increased from 7 to 9 would decreased
lightness. This was probably because a unique carbohydrate protein interaction during gel
preparation at pH 7.

Results of texture measurements ranged from 000 to 041 g / mm. Varation of solvent’s
pH, proportion of whey and interaction of these two parameters had significant effect on texture
of gel (x<5%). Figure 3 showed result of texture measurement in variation of pH and whey
proportion.

5

b [Er————
E 0.4 | eV et U e
i

E o3 { [ oy

D24 " d . @ . rd " &

o] "0 Em .

- i

= : | |

% 20% a0% BO% H0% 100

wihiey prapaninn

Figure 3, Resultof texture measurement as variation of whey protein proportion and pH of salvent,
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Figure 3 showed that increasing of whey proportion would decrease gel texture,
Wheywould soften the gel and gel of starch when cooled will tum into a hard and rigid.
Increasing of pH generally would decrease texture, especially when pH increase from 4 to 7, The
pH of 4 s isoelectric point, where protein has lowast solubility therefore protein matrix could
remforces the gel matnx of starch-protein resulting in increasing texture value, While at pH 9 the
highest protein solubility allowing co-sofubility interaction between starch and protein molecules
that was why increasing pH from 7 to 9 would increase testure valie. Proportion of whey 100% ,
increasing pH from 4 to 9 would decrease texture, increasing pH would increase protein
solubility, without starch there are no carbohydrate protein interaction could be involved, The
results of absorbance measurements lo measure the solubility ranged from 0.0 to 1.08. Varation
of solvent’s pH, proportion of whey and interaction of these two parameters had significant effect
an texture of gel (= 5%), Figure 4 showed result of texture measurement in variation of pH and
whey proportion. 5

Based on figure 4 showed that mereasing of whey protein porpotion would increases the
mean absorbance value of more soluble gel. That is because the protein gel would softened and
morc easily to solubly. Generally increasing pH would increase solubility presumably because of
increasing protein solubility
12

i
08 |

L
d
e
0.4 = i €€
i be i
0% 1 & ok .n,hh b b b ab
% s ags 0% B 10

f TR
| BEHA CpHT spH 5

Abssarbansi (656 nmj]

Persen perambahan whey
Figure 4. Result of texture measurement as variation of whey protein propartion and pH of salvent .

Properties of edible plastic

Results of strain measurements in this study was 0,00% o 142.68%. Resulis of analysis of
vanance showed that variation of whey proportion and pH of solvent had significant effect on
strain value (g <5%). Figure 5 showed result of strain measurements as a function of whey
propetion and pH of solvent,

Based on the data in figure 5 increasing of whey protein proportion would decrease strain
of edible plastic, Plastic-based on proteins have a smaller strain than films made from tapioca
other words edible film made from tapioca will result in a more elastic film. Lindriati et al (20075)
showed similar result where addition of protein from Cannavalia Ensiformiis o e maltriy of
edible film from maizena decreased elongation. Research of Poeloengasih and Marseno (2003),
also showed a similar trend, where the addition of protein fractions decreased elongation of edible
film from tapioca starch.

Genarally, figure 5 showed that the pH does not affect the value of the strain, The resulls of
tensile strength measurements ranged between 000 MPa to 268 MPa. Resulis of analysis af
variance showed that whey protein porpotion and pH of solvent had significant effect on tensile
stength bul interaction between this two parameters did not. Figure 6 showed result of strain
measurements as a function of whey propotion.
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Figure 6. Result of tensile strength measurement as variation of whey profein proportion.

Based on the data in Figure 6 showed that increasing of whey parpotion would increase
tensile strength, According to Guilbert and Graille (1994), generally, mechanical properties: of
edible films from protein better than the edible film of starch. This is because starch is a
homepolymer, whereas the protein has a specific structure composed of at least 20 hvdrogen
bonds, Tensile strength measurement on 100 % whity was zero because plastic produce from
100% whey was brittle so the tensile test could not be performed.

tonslle strength (MPa)

pH ol nobvent

Fgm?.ﬁmﬁmmsﬂaﬂmghnﬂaﬂwmﬁmﬁwiéﬁmupr of sahvent.
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The results of tensile strength measurements (Figure 7) showed that increasing of pH
would decrease tensile strength of edible plastic, it was thought to relate with protein solubility.
Increasing of pH would increase protein solubility, According to Mawarti et al. (2001}, by
decreasing pH value, effect of glycerol as a plasticizer was getting smaller, that cause of increase in
tersile strength and decrease in extension,

The results of the solubility measurements ranged between 2290% to 34.69%. Results of
analysis of variance showed that whey protein porpotion and pH of solvent had significant effect
on selubility but interaction between this two parameters did not. Figure § showed result of strain
measurements as 4 function of whey propotion.

IRENET)

parpotion of whey

sobubiity {55
crbhERyEs

Figure 8. Result of salubiity measurement as variation of whey protein proportion.

Figure 8 shows that increasing in whey porpotion would decrease of solubility, High
solubility of edible plastic showed that it was easily soluble in water, During gel preparation,
whey protem would be denatured when heated, whereas hydrophobic group was located
outside and a hydrophilic group would be folded and more hydrophobic plastic could be
produce, |

The results of the solubility measurements as a function of pH is shown in Figure 9. The
data showed increasing of salublity with increasing of pi. At pH 4 edible plastic had solubility in
water less then plastic at pH 7 and pl 9. It was presumable there was plastic solubility depend on
protein sohubilty whereas at pH 4 near the isoelectric point protein had lowest solubility,

v b
$ a
pH 2 pH T pH A '

£ of salvent

nodubiliny %]
cxBEh BREY

Figure 8. Result of solubiity measurement as vaation of pH of solvent.
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CONCLUSION

Whey protein porpotion and pH of solvent had significant effect on gel's characters
(ightness, texture and solubility) and edible plastic's characters (strain, tensile strength and
solubility). Interaction of whey protein proportion and pH had significant affect on lightness,
texture and solubility of gel and strain of edible plastic but had no significant effect on tensile
strength and solubility. In this research edible plastic could not be produce from 100% whey

protein.
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