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Abstract

The protein and hydroxyproline contents of raw chicken feet were 57.81 and
5.53% on dry weight basis, respectively. After grinding and washing, protein and hydroxyproline
contenis of chicken feet increased to 70.81 and 9.58% respectively. The effectiveness of non
collagenous protein removal from raw material using 5 different mixed solutions for 1-7 h was
investigated. The results showed that washing with 0.5MNaOH solution removed highest content
of nitrogen and hydroxyproline from sample and caused highest swelling percentage. Therefore it
was selected as simultaneous washing and swelling process for alkali pretreat method. Meanwhile
washing with 0.6MKCI1+0.3%STP+0.05MNaOH for 3h resulted in maximum nitrogen removal
but minimum hydroxyproline loss. The washed sample was then used for further study in acid
pretreat condition (soaking in 1-5% phosphoric acid for 6-48h at 10-30°C) using Response
Surface Methodology (RSM). As the result, soaking with 2.14% phosphoric acid for 47h 54 min

at 20°C was selected as an optimum condition for acid pretreat method.

The alkali and acid pretreated samples were used to study the effects of
extracting temperature (60-80 °C) and time (3-12h) on properties of the extracted gelatin. Results
showed that increasing in extracting time and temperature improved the yield but lowered gel
strength of the gelatin, The SDS-PAGE petterns indicated that extracting at 60-70 °C for 3-12h
did not cause hydrolysis of the major peptide components (Q., B, Y) of the obtained gelatin.
When extracting temperature increased over 70 °C for more than 7h, B and Y components of
gelatin from alkali pretreated sample were hydrolysed while only B component of gelatin from
acid pretreated sample was hydrolyzed. From the resuits, 70°C/5h and 80 °C /12h were chosen as
conditions for extracting chicken feet gelatins based on giving the equal gel strength to those of
commercial gelatin and highest yield, respectively. The gelatin extracts from both pretreated

samples were dried and analysed for their composition and properties in comparison with

)




commercial pig and beef gelatins. The protein, moisture, fat and ash contents of chicken feet
gelatin were confined to the range defined for commercial food grade gelatin. The gel strength
and viscosity of gelatin extracted at 70 °C were higher than those of gelatin extracted at 80 °C and
commercial gelatin samples. Extracted at 70°C, gelatin from acid pretreated sample had higher gel
strength but lower viscosity than those of gelatin from alkali pretreated sample. When extracted at
80°C, gelatin from acid pretreated sample showed lower gel strength and viscosity than those of
gelatin from alkali pretreated sample. The clarity of gelatin from acid pretreated sample was
higher than that of gelatin from alkali pretreated sample. However gelatin from both pretreatment

methods had lower clarity than commercial gelatins indicating a need for additional clearification

process.
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Table 1-1 Type and source of the collagen
Type Peptide chain® Molecular composition Occurence
I oL, 02 [l D],z Skin, tendon, bones, muscle
{epimysium)
It ol [CL1 (D], Cartilage
IT1 ot [CeI(Imn], Fetal skin, cardiovascular
system, synovial membranes,
inner organ,
muscle(perimysium)
v o1, o2 [o(av )]3(?)b - Basal membranes, capsule of
3] lens, glomeruli Placental
membrane, lung, muscle
(endomysium)
v OLA, OB, CIC(?)  [OLIBL,OLA %39 (CIB) Placental membrane,

cardiovascular system, lung,
muscle {endomysium},
secondary component of

many tissue

Since the O chain of varius types of collagen differ, they are called OL1 (), OL1(II), LA, OUB

wag Q.C
® Not completely elucidated.

#117: Belitz (a2 Grosch {1999)
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Table 1-2 Amino acid composition of mammalian and avian gelatins (g/1000g sample)

Amino acid Pig skin Ox skin® Ox bone” Chicken tendon®
Alanine 111.7 112.0 116.6 114.6
Glycine 330 333 335 RN
Valine 259 20.1 219 19.8
Leucine 24.0 23.1 243 238
Isoleucine 9.5 12,0 10.8 10.9
Proline 1319 29.0 124.2 129.5
Phenylalanine 13.6 12.3 4.0 14.3
Tyrosine 2.6 L5 1.2 34
Serine 347 36.5 32.8 28.6
Threonine 17.8 0.9 i8.3 19.1
Methionine 3.6 5.5 3.9 6.2
Arginine 49.0 46.2 48.0 44.8
Histidine 4.0 4.5 4.2 4.5
Lysine 26.6 218 27.6 19.0
Aspartic acid 45.8 46.0 46,7 43.1
Glutamic acid 72.1 70.7 72.6 74.1
Hydroxyproline 90.7 97.6 93.3 98.5
Hydroxylysine 6.4 5.5 4.3 9.6
Amide’ 415 7.5 15.7 40.1
Recovery by 972 99.8 98.8
wt.(%)
Total N{(%) 18.3 18.1 17.8
Recovery of N{(%) 101.5 100.9 103.3
Process acid alkali alkali acid

* Leach (1957), recalculated in this form by Eastoe and Leach (1958)
*No. of molecules of NH, released during hydrolysis per 1000 total residues

#17: Eastoe 4ag Leach (1977)
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Table 1-3 Industrial standards characteristic for commercial gelatin
No. Characteristic Industrial
Phamacy Food
Dry Liquid
1 | Gelatin content (wit%) - - 2 30
2 Arsenic (mg/kg) <1 <1 <1
3 Copper (mg/kg) <30 - -
4 Zinc (mglkg) <100 - -
5 Lead (mg/kg) <5 <5 <5
6 Heavy metal (mg/kg) - <50 <50
7 Sulferdioxide (mg/kg) < 40 <40 <40
8 Loss weight due to baking (%) 16 16 -
9  Ash(%) <0.18 <018 018
10 gel strength * * *
11 - total organism (colony/g) << 1000 < 1000 < 10000
- fungus (colony/g) - <10 < 100
- Escherichia Coli (g MPN) <3 <3 <3
- Salmonella {in 25 g sample) ** *F **
% *%

- Clostridium perfringens (per g}

* depend up on the requirements of stakeholder

*# not allowed

N - dnineueaafueiinas gugRe NI T, 2531
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2.5 MIHAARIAN

2.5.1 Man3aningAy (Hinterwaldner, 1977a)
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2.5.2 MM (swelling process)
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9en 241 wnumsnaassdmiunisvinlinesdadaonsa Taold Central Composite
Design (CCD)
Table 2-1 Experimental design of acid swelling process obtained from Central Composite
Design (CCD)
mn coded level actual level
X1 X2 X3 Temperature('C)  Time(h) Concentration(%)
1 0.000 0.000 0.000 20.00 21.00 - 3.00
2 1.000 -1.000 1.000 26.00 14.50 4.19
3 -1.000 -1.000 -1.000 14.00 14.50 1.81
4 0.000 -1.682 0.000 20.00 5.98 3.00
5 0.000 0.000 0.000 20.00 27.00 3.00
6 0.000 1.682 0.000 20.00 48.02 3.00
7 0.000 0.000 0.000 20.00 27.00 3.00
8 1.682 0.000 0.000 30.09 27.00 3.00
9 1.000 1.000 -1.000 26,60 39.50 1.81
10 1.00C . 1.000 1.000 26.00 39,50 4.19
i1 0.000 0.000 1.628 20.00 27.00 5.00
12 -1.000 1.000 -1.000 14.00 39,50 1.81
13 0.000 0.000 0.000 20.00 27.00 3.00
i4 1.000 -1.000 -1.000 26.00 14.50 1.81
15 0.000 0.000 -1.682 20.00 27.00 1.00
16 -1.000 £.000 1.000 14.60 39.50 4,19
17 (.000 0.000 0.000 20.00 27.00 3.00
18 -1.000 -1.000 1.000 14.00 14.50 4.19
19 -1.682 0.000 0.000 9.91 27.00 3.00
20 0.000 0.000 0.000 20.00 27.00 3.00
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- NaasendInsau (maran ns) udadmaanlszininmmanda

loasend nsiu (Manuan n2)

- AMULAUTIVRUIR (Bloom strength) Taodaaiilasitveq British Standard
Method (1975 #131a8 Wainewright, 1977) (A1ARUIN V1)

- phnnmazdadauvaslifsfuuuad1e Taold Sodium Dodecyl Sulfate
Polyacrylamide Gel Electrophoresis (SDS-PAGE) AMNIFV84 Laemmli (1970) (NAHUIN US)
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iBatteasendinstu  anisnldlude o
- auudanseusana (Bloom strength) A0IAT0Q Texture Analyzer

(MAHUIN VL)
AuMila (viscosity) 1At Oswald Viscometer (AIARUIN U2)

=1
FOE (D1AHUIN 93)

arle d20n309 Spectophotometer (NAMUIN V4)

suumazdadanueslsfiuvinadg §90 SDS-PAGE (MAHWIN ¥5)
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6. MINUAUMINARBIUBSUATISHNTDA

6.1 nsnaneade 2 4 waz 5 NuwwuITnIINAABYUdNTHYS

b

Complete Randomized design (CRD) AIRITNARDY 3 =§ﬂuum'az=agﬂm‘mﬂam ﬁﬁ’fayaw
Tdmnamsizrinnuudslsiu (ANOVA) tazanuuandsvesmmanienSouiiounns
wiodnunaveeiledolay Duncan s Multiple Range Test (DMRT) TnoldTisunsy Statistical
Package for Social Sciences Version10.0 (SPSS for window) (SPSS, Inc. Chicago, USA.)

wenuintiemsTnssianinaiuvesiledulude 2 oz 4 185agams
NaADL factorial 1MUHUMINARBIUY CRD (Factorial in CRD) Uagdnszinpues
amnalitian (ANOVA)  unzanuuand1suasnmasTag DMRT Aauaadioazidoaly
AAHUIN T

6.2 Feminaasadef 3 MAEUNITNATBAUNIN Central Composite Design
{ccm uaﬁmswﬁ%’agnhﬂ‘l%’ Response Surface Methodology (RSM) TaeldTa)sunsn

- Design Expert version 6 (Stat-Ease, Inc. Minneapolis, USA)
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2001) Govay 1.20 uay 12.04 MuHdy) fediowiisanaiufuesinuazaaizmabios
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Ey = o 9 | ar 1 a ar (ay 3 ' =y
Ysaleasend Insaulwdinfuundswewsardunindaiosgndaonn vuinlsne
{ T t s 1 o o or ¥
Yaasond Insauluih lniiadinilumis 1By nszgn vesdnifvegndasun (Fevaz 1.79-7.08)
(ohss, 1997) uaziienouiioufuiaqumassuq i iifuundsveusarau wuh
Jninaleasond Tnsaulusild Gevar 1.57) fsdind 1Sinaleasend Tnsaulumia
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Table 3-1 Chemical composition of raw and washed chicken feet

Composition Content (% wet wt.)* Content (% dry wt.)

raw ground-washed raw ground-washed

Moisture 71.6512.82 60.331+2,27 - -
Protein’ 16.38+0.29 28.0610.12 57.81%1.01 70.8110.30
Fat 9.2810.20 4.07%0.08 32.7510.69 10.25:£0.20
Ash 2.5610.16 671041  9.03F0.57 16.9211.04
Hydroxyproline 1.5710.02 3.81340.07 5.5310.08 9.5810.20

*Meant: S.D. from triplicate determination

® The convertion factor for calculation from nitrogen was 6.25
1.2 dszdngmmmsidalisfuesnaningivdmsazaaunnnafy

1.2.1 Bavesaasyinvesmsazmefilyaadelszansammsaallsnu
A = 9 ' 1 9
A7 3-1 sanemsanasveslsina lulasnuveudii lavanmunisdiedae

9

msazannsinodieihiodide (p<0.05) Weflsufuganiugy uaashaisazawnldl
a oo o o 4 t 4 - 3 1=y

Pszaniamlunsiidalilstuduqeennniilaua Teadiona lumstrafiviv 5

H A 4 ¢

TuTasmu s lduafrumsddlsaisazae Imdoylaasen lad anududy 0.5 Tums
o ) @ el EA £ w T el -

Huualfuanasdanuiga Meflewiifesnnaisazamsdananiifeygaiga  (pH= 13.34)

® o i ] Y = 1
519 3-2) Mlfidumsdouulaananhasazaedug Tasfifuosuesmisazaigrenn
Q' 5} 1 -3 g

ol weqTlsAuauiiuusandniznilszyvesllsan wildTusAuazaWinndiy (Damodaran,

1996) wienl3vanfsulseAniamasdnldsiulaold lmGoulas ndveaa (STP)

1 a = bt o A = 4 ] g 3 = =

$audn Tw@enlumsvenauazinds Tnunddeunao lsa  wudms 14 Tadenlas Ina-

1 @ o oo o o =S ] t

oy Todon lumsvema Huss@niamlunsdradidalsfulushlduagend

1 [ ¥~

M3l Tamd o las Indvieamaiiona lumsdannnd 3 $alus Meilitesonaisazaie

Twidey Jusvema Tlszdniamlunmsswas lnTdsfuuas ludu Bonifer and Froning,

1996; Yang and Froning, 1992; Shahidi et al, 1991; Dawson ef al., 1988) daumsldnie

squsurleainee WnawSulumsada llsfululeIvuSaar  (Maki and Froning, 1987)
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arsazawlndonloasen lodifhovgs @319 3-2) woavesnnudludreosnainaves
Todonlas Inddoaa  ionfruisnilsednsammsialilsiulngldmeiiunndraiu
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yosEazaus e luuanm sy Anmlumsés 1 uaz 7 Falug
A1sIASIEHENINTARDIBNTNave LR ILATFilavDIEITATAIUA
ﬁszﬁﬂﬁmwmﬁﬁ']aTﬂaﬁuTm‘lé’fﬂ?maﬂuTmmuﬁmﬁaag}‘luﬁaaé'}uﬂuﬁaﬁq% WUITUIMN
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Figure 3-1 Nitrogen content (%) remained in ground chicken feet after washing with 5
different solutions for 1-7 hours

/100 g sample = nitrogen content in 100g of sample before washing

KCI+STP+NaHCO, = 0.6 M KCI+0.3% STP+0.05% NaHCO,
KCl +NaHCO, = 0.6 M KCI1+0.05% NaHCO,
KCHSTP+NaOH = 0.6 M KCi+0.3% STP+0.05 M NaOH
KCl+NaOH = 0.6 M KCI+0.05 M NaOH

NaOH = 0.5 M NaOH

Control = chicken feet before washing

a, b, ¢ Different letters on data bar denofe the significant difference (p<0.05).
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Figure 3-2  Hydroxyproline content (%) remained in ground chicken feet after washing with §
different solutions for 1-7 hours

g/100 g sample = hydroxyproline content in 100g of sample before washing

KCI+STP+NaHCO, = 0.6 M KCI+0.3% STP+0.05% NaHCO,

KCI+NaHCO;, = 0.6 M KCI+0.05% NalCO,
KCHSTP+NaOH = 0.6 M KCI+0.3% STP+0.05 M NaOH
KCHNaOH = 0.6 M KCI+0.05 M NaOH

NaOH = 0.5 M NaOH

Control = chicken feet before washing

a, b, ¢ Different letters on data bar denote the significant difference (p<0.05).
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Table 3-2 pH of solution used for washing the ground chicken feet samples

Solution pH
0.6 M KCI+0.3% STP+0.05% NaHCO, 8.45
0.6 M KCl1+0.05% NaHCO, 8.63
0.6 M KC1+0.3% STP+0.05 M NaOH 12,55
0.6 M KCH0.05 M NaCH 12.47
0.5 M NaOH 13.34

1.2.3 savednmuasriavesaisazaailialanen1snedn
o =1 [ 1ty =Y 4
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Figure 3-3 Swelling power (%) of ground chicken feet after washing with 5 different solutions
for 1-7 hours

KCI+STP+NaHCO, = 0.6 M KCI+0,3% STP+0.05% NaHCO,

It

KCl +NaHCO, 0.6 M KC1+0.05% NaHCO,

KCHSTP+NaOH = 0.6 M KCi+0.3% STP+0.05 M NaOH

i

KCI+NaOH 0.6 M KCI+0.05 M NaOH

Il

NaOH 0.5 M NaOH

a,b,c Different letters on data bar denote the significant difference (p<0.05).
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2. annzinnnzanvesmsitnmasdszanEmumsaiawaifiulasld Response Surface

Methodology (RSM)

ninmsfnymaneimuzadlumnhldnesdadremsldnsaearasn
fssduanududufesas 1-5 o lumsud 648 Frluainvgungil 10-30 esruaaiFod
(13513 2-1) Taold Response Surface Methodology (RSM) wuTlaumsdinesyestizmm
Tilsaufiana lduazmsnesdiiimdudszanivesnisaadule (R-Square) iy 0.7998
é <3 1 = or = =
uaz 0.8424 (A13719 3-3) FeewesinelduTine T stuuazaswesiuilurminvindnive
vosgungil nawazanududuvesnsaveareiniilfudisens 79.98 unz 84.24
o @ ' A A A ar A Ay o oy
s daunmidedn 20,02 uay 15.76 Wiravndualsduqgilins iy aunishila
o @ o 1 P 1 o o 4 o
Fudlszansvesnisdaduligedeniinnuuiudrvesmaihaums lulifiednnonio
aenzmpadnige Tagia lloumsii hildasiisdudss@nsveansdaduleedieiion
3 a P Py A o = ot
0.75 (Haaland 1989; Hu, 1999 1eTmedesviad nevnsns, 2544) lieicums Iwd Twiloa
f189009 (quadratic polynomial equation) (1519 3-4) vealFualilshuuazmsnesdnn
5t o o o 9/ =Y o t d'( = 1 ]
aZramumuneuiial laodimualdgamgiiudinlined iesnngungiibifinade
Wi lsAunasmanesdd @15RMARLIN 92 uaz 4 awday ) wudnSnaldsdy
1 1 ] [] ar 1 3t g 4 L] cg [
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Table 3-3 Coefficient of determination (Rz) and significant test results for lack of fit and model

Response R-Squared Lack of fit Model
protein 0.7998 0.4524 0.0146
swelling 0.8424 0.5963 0.0051"

) significant level (p < 0.05)

1 E
as9R 34 aumsieesdmiuduseumsilivesiilumsadaeaduniaihla
Table 3-4 Response surface model for swelling process of gelatin exiraction from

chicken feet

Response Equation

Swelling (Y,) Y,= +362.34820 -0.15935%temp-1.24562 *time -40.77909conc. +3.48259E-
003*temp +0.018022*time” +5.47260%conc.” +0,021517*temp*time -
0.30235*temp*cone. +0.043445%time*conc.

Protein content Y,= +60.17094 -1.57992%temp-1.52073*time +5.61556conc.

(Y, +0.02451 6"‘te:mp2 +0.014994*time’-1.16562*conc.” +0.027383¥temp*time

-0.01523 1 *temp*conc. +0.077899*time*conc.
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151371 3-5 uJ'%’stﬁtmﬂ'%‘u1mTﬂsﬁml.a::%’aaaxmswmﬁwaaﬁmdmﬁﬂﬁﬁphums
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Table 3-5 Comparison of predicted and observed values for protein content and
swelling power of chicken feet samples

condition Swelling power (%) Protein content (%)

Predicted Observed Difference  Predicted  Observed  Difference

value value” (%) value value" (%)

2.47%P 284.31 287.3344.15" 1.06 £2.00 40514017 3.55

46h 28 min

2.57%P 284,00 288.114£9.36 b 1.45 43.28 40.77+0.42° 5.80

47h 54 min '

2.14%P 292.16  305.45#6.57" 4,55 4149  40.80£0.07° 1.66

47h 54 min

2.40%P 28640  308.65+2.51° 1.71 42.25 40.10£0.06" 5.09

47h 19 min '

Meant S.D. from triplicate determination

b Mean in the same column with the different superseript are significantly different (p=<0.05).
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Gel étrength {g) of chicken feet gelatin extracted at 60-80 °C for 3-12 hours
from acid treated sample (A) (at 160 mg/ml pH 4.8) and alkali treated sample
(B) (at 200 mg/ml pH 7.0)

Different letters on data bar denote the significant difference (p<0.05).
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Figure 3-7 Electrophoregram of peptides of gelatins from acid (A) or alkali (B) treated chicken
feet extracted at 60 70 and 80 °C for 3, 5, 7, 9 and 12 hours (Lane 1-5, respectively)

compared to collagen Type [ from chicken feet (Type [} and high molecular weight

marker (Mw)
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Table 3-6 Nitrogen recovery of gelatin extracted from acid (A) or alkali (B) treated

chicken feet at 70°C for 5 hours or 80 °C for 12 hours

Gelatin Nitrogen recovery (%)A
AT0 25.3240.00"
A80 44.03£1.73°
B70 33.0443.67°
B80 51.21+3.12°

A Means+ S.D. from triplicate determination
2bed ) feans with the different superscript are significantly different (p<0.05).

Nitrogen recovery (%) = extracted nitrogen*100/nitrogen content in raw material
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Table 3-7 Chemical composition of gelatin extracted from acid (A) or alkali (B) pretreated

at 70°C for 5 hours or 80°C for 12 hours compared to beef and pork skin gelatins

gelatin Proximate composition. (% wet basis) Hydro:qq:nrolinc:I

[T

protein fat ash moisture

A70  93.70:030°  0.65:0.03°  17140.16°  10.510.10° 19.54£1.01"
A80  93.76+1.43°  0.25:0.02° 1.96£0.10°  11.23x0.81° 20214097
B70  97.22+1.86"  02240.02%  0330.00°  13.98+0.32° 20.9240.90"
RB80  95.814132%  0.18+0.00°  0.358001°  12.76+0.14° 19.3140.72°
Beef  97.9440.53%  0.56+0.04" 038£0.01°  12.46£0.12° 18.20£0.48"
pork 950741437  0.7040.04°  0.4740.03°  13.89x0.01° 18.50+0.85°

" Mean + S.D. from triplicate determination

" The conversion factor for caleulation from nitrogen was 5.46 and 5.51 for acid and alkali
swollen, respectively. (Leach and Eastoe, 1977)

! yalues calcutated in dry basis

*%# Means in the same column with the different superscript are significantly different (p<0.05).
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Table 3-8 pH of gelatin solution extracted from acid (A) or alkali (B) pretreated at 70°C for

5 hours or 80°C for 12 hours compared to beef and pork skin gelatins

Gelatin solution 1% pH’
A 70 4.36%0.00°
A 80 4,56+0,01°
B70 6.17£0.01"
B 80 6.21£0.01°
beef 5.39£0.00°
potk 5.2620.00°

* Meant S.D. from triplicate determination

abed 3 foans with the different superscript are significantly different (p<0.05)
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Gel strength and viscosity of gelatin solution from chicken feet produced from
acid (A) or alkali (B) swollen and extracted at 70°C for 5 hours or 80°C for 12

hours compared to beef and pork skin gelatins

Difterent letters on data bar denote the significant difference (p<0.05).
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Electrophoregram of peptides in chicken feet and commercial gelatins compare
to collagen Type I from chicken feet (Type I) and hign molecular weight marker
(Mw), lanel-2: acid pre-swollen chicken feet gelatin extracted at 70°C for 5
hours and 80 °C for 12hours, lane3-4: alkali pre-swollen chicken feet gelatin
extracted at 70°C for 5 hours and 80 °C for 12hours, lane 5-6: beef and pork skin

gelatin, respectively
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Table 3-9 Transmittance of 1% gelatin solution extracted from produced from acid {A) or
alkali (B) swollen chicken feet and extracted at 70°C for 5 hours or 80°C for 12

hours compared to beef and pork skin gelatins

gelatin transmittance (%)
A70 90.240.1°
A80 77.1340.12°
B70 74.120.1°
B8O 64.1£0.1"
beef 98.67+0.15"
pork 93.6£0.00"

Mean+ S.D. from triplicate determination

abed  teans with the different superscript are significantly different (p<0.05).
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Figure-Appendix A5 Standard curve of hydroxyproline
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Post-Test Speed : 0.5 mm/s
Distance : 4.0 mm
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3. PSS stacking gel
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Table-appendix D1 Analysis of variance (ANOVA} for the quadratic mode! representing

protein extraction

Source Sum of DF Mean F Value Prob>F
Squares Square
Model 203.51 9 22.61 4.44 0.0146
A 4.38 1 438 0.86 0.3757
B 10.54 1 10.54 2.07 0.1808
C 342 i 3.42 0.67 0.4317
A? 11.23 1 11.23 2.20 0.1685
B? 79.10 1 79.10 15.53 0.0028
Cz? 39.27 1 39.27 771 0.0196
AB 33.74 1 33.74 6.62 0.0277
AC 0.095 1 0.095 0.019 0.8943
BC 10,74 I 10.74 2.11 0.1771
Residual 50.94 10 5.09
Lack of Fit  26.90 5 5.38 0.4524
Purc Error  24.04 5 4.81 2
Cor Total 254.45 19

R-Square =0,7998
A = lemperature
B = time

C = concentration
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Table-appendix D2

Analysis of variance (ANOVA) for the quadratic model representing

swelling of ground chicken feet

81

Source Sum of DF Mean F Value Prob>F
Squares Square
Model 4352.84 9 483.65 5.94 0.0051
A 0.37 1 0.37 4.545E-003  0.9476
B 177.27 1 177.27 2.18 0.1709
C 3177.19 1 3177.1%9 39.01 <0.0001
A? 0.23 I 0.23 2.782E-003  0.9590
B? 114.27 1 114,27 1.40 0.2636
C? 865.52 1 865.52 865.52 10.63
AB 20.83 i 20.83 20.83 0.26
AC 37.28 1 37.28 37.28 0.46
BC 3.34 i 3.34 3.34 0.041
Residual 1814.35 10 31.44 81.44
Lack of Fit  360.69 5 72.14 72,14 0.80
Pure Error  453.67 5 90.73 90.73
Cor Total 5167.20 19

R-Square 0.8424
A = temperature
B = time

C = concentration
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Concentration (%)

Time (h)
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wrunvihuSina Tus@uiiadald (03 /70 nfadaet1e)

Figure-Appendix D1 Contour plots showing relationship between effect of soaking time and
phosphoric concenfration on protein content in extracts under constant
temperature (20 0C), the number inside the contours represent protein

content {(g/70 g sample)
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Contour plots showing relationship between effect of soaking time and
phosphoric concentration for swelling percentage of ground chicken feet
under constant temperature (20°C), the number inside the contours

represent swelling percentage
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Optimum condition after overlaying contour plots of those in Figure-
Appendix D1 and D2, White area indicates regions providing swelling

and protein content of higher than 290% and 40g, respectively
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= d
MEWIN 9 wamsInsieranulslsmaadalaglfldsunsy SPSS (version

10.0)

A WNAIAFUIN 01

Table-'Appendix El
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a1 135 wag 7 ¥4

Analysis of variance of time and solution on nitrogen content (%)

remained in ground chicken feet after washing with 5 different solutions

for 1-7 hours

Source Type 111 df Mean F Sig.
Sum of Square
Squares
Corrected Model 1.642° 19 8.042E-02 18,950 0.001
Intercept 1774.731 1 1774.731 57414.776 0.000
Solvent 1.046 4 0.262 74.655 ¢.000
Time 0.326 3 0.109 3.591 0.017
Solvent*Time 0.270 12 2.248E-02 0.744 0.705
Error 2418 80 3.023E-02
Total 1778.791 100
Corrected Total 4.060 99
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Table-Appendix E2
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Analysis of variance of time and solution on hydroxyproline content (%}
remained in ground chicken feet after washing with 5 different solutions

for 1-7 hours

Source Type 11T df Mean ‘ F Sig.
Sum of Square
Squares
Corrected Model 29.874° 19 1.572 18.950 0.000
Intercept 4763.910 i 4763910 57414.776 0.000
Solvent 24.778 4 6.149 74.655 0.000
Time 0.155 3 5.160E-02 0.622 0.602
Solvent*Time 4.942 12 0.412 4963 0.000
Error 18.254 220 8.297E-02
Total 4812.038 240
Corrected Total 48.128 239
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Figure-Appendix E2 Interaction effect of time and solution type on hydroxyproline content (%)

remained in ground chicken feet after washing for 1-7 hours,
Solvent

1.00 = 0.6MKClH0.3%STP+0.5%NaHCO,

2.00 = 0.6MKCl +0.5%NaHCO,

3.00 = 0.6MKCI+0.3%STP+0,05MNaOH

4.00 = 0.6MKCI +0.05MNaOH

5.00 = 0.5MNaOH
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Table-Appendix E3

chicken feet afier washing with 5 different solutions for 1-7 hours

Analysis of variance of time and solution on swelling power (%) of ground

Source Type 111 df Mean F Sig.
Sum of Square
Squares
Corrected Model 326237.693" 19 17170.405 121.892 0.000
Intercept 2762695.656 | 2762695.656  19612.222 0.000
Solvent 310987.137 4 77746.784 551.920 0.000
Time 6300.373 3 2100.124 14,909 0.000
Sotvent*Time 8950.184 12 745.849 5.295 0.000
Error 5634.641 40 140.866
Total 3094567.990 60
Corrected Total 331872.334 59
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ground chicken feet after washing for 1-7 hours

Solvent

1.00 = 0.6MKCI+0.3%STP+0.5%NaHCO,
2.00 = 0.6MKCI +0.5%NaHCO,

3.00 = 0.6MKCI+0.3%STP+0.05MNaOH

4,00 = 0.6MKCi +0.05MNaCH
5.00 = 0.5MNaOH
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Table-Appendix E4  Analysis of variance of extracting time (3-12h) and temperature (60-80 ©

extracted on protein yield from acid swollen ground chicken feet

Source Type 111 df Mean F Sig.
Sum of Square
Squares
Corrected Model 4260.284" 14 304.306 597.138 6.060
Intercept 59466.894 1 59466.894 116691.58 0.000
Solvent 3621.277 2 1810.639 3553.007 0.000
Time 626.405 4 156,601 307.298 0.000
Solvent*Time 12.602 8 1.575 3.091 0.005
Error 38.221 75 0.510
Total 63765.398 920

Corrected Total 4298.504 89




91

40
A
e h..m,__.}?‘/zf"/
§ //,..,f‘/ -
304 P
‘/’ il
2 - '/ - e
:g) | - i -~Fj/"
g - P N
) e T ) —”&-‘M/ ’
8 209 e J—- L B TEMP
th-— ) U=ty
£ o
4 | "
. 70.00
10 - . w S
3.00 5.00 7.00 o |

Time {h)

A a A 1 a a
AMAMARIIN 94 DNEHATINYEIIM (3-12 F2T39) unzgumngil (60-80 DarIAIALN)
ar 1 _ ar L] [} :l -] o
lumsanadenanan Tlsauvinded i lnuaivi 1#wesdadonsa
Figure-Appendix E4 Interaction effect of extracting time (3-12h) and temperature (60-80 °C) on

protein yield from acid swollen ground chicken feet
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Table-Appendix E5 Analysis of variance of extracting time (3-12h) and temperature {60-80 K®)

on hydroxyproline yield from acid swollen ground chicken feet

Source Type 11 df Mean F Sig.
Sum of Square
Squares
Corrected Model 7446.703 14 531.907 132,933 0.000
Intercept 113972.874 1 113972.874 28483.809 0.000
Solvent 5484.039 2 2742.020 685.279 0.000
Time 1850.602 4 462.651 115.624 0.000
Solvent*Time 112.061 8 14.008 3.501 0.002
Error 300.099 75 4.001
Total 121719.676 90
Corrected Total 7746.802 89
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Interaction effect of extracting time (3-12h) and temperature (60-80 °C)

on hydroxyproline yield from acid swollen ground chicken feet
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Table-Appendix E6  Analysis of variance of extracting time (3-12h) and temperature (60-80 °0)

on protein yield from alkali swollen ground chicken feet

Source Type HI df Mean F Sig.
Sum of Square
Squares
Corrected Model 4588.694 14 327.764 72.524 0.000
Intercept 79654.440 | 79654.440 17624.996 0.000
Solvent 3018.122 2 1509.061 333.907 0.000
Time 1522.765 4 380.691 84.235 0.000
Solvent*Time 47.807 8 5.976 1.322 0.239
Error 542.328 120 4.519
Total 84785.462 135
Corrected Total 5131.022 134
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Table-Appendix E7  Analysis of variance of extracting time (3-12h) and temperature(60-80 °C)

on hydroxyproline yield from alkali swollen ground chicken feet

Source Type Il df Mean F Sig.
Sum of Square
Squares
Corrected Model 21866.908 14 1561922 90.376 0.000
Intercept 403511.674 1 403511.674 23347.939 0.000
Solvent 17290.071 2 8645.036 500.218 0.000
Time 3838.926 4 959.731 55.532 0.000
Solvent*Time 737911 8 92.239 5.337 0.000
Error 1296.190 75 17.283
Total 426674.773 90

Corrected Total 23163.099 89




Estimated Marginal Means

96

60
50 4 P
P - ;%/("'/-‘
40 o T
./%"3’/
e A
T TEMP
[ - B T
<] o T g
,,,,,,,, . e B
_1_:3},/- """"" O
_____ N R
nl b x - = 80,00
3.00 5.00 7.00 9,00 12,00
Time (h)

pai a o [ o - -
MHANAHUIR 97 ONTAHDNTINUDAIN (3-12 ‘H'}Tuﬁ) Llﬁzqmﬂgﬂ {60-80 DI ALt

QF 1 - H o L] ’ A o
lumsadadananan leasend Insaunnalretiai lnuanldves

&adrwana

Figure-Appendix E7 Interaction effect of extracting time (3-12h) and temperature (60-80 °C) on

hydroxyproline yield from alkali swollen ground chicken feet
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Table-Appendix E8 Analysis of variance of extracting time (3-12h) and temperature (60-80 °C)

on gel strength (g) of chicken feet gelatin from acid swollen ground

chicken feat

Source ’ Type III df Mean F Sig.
Sum of Square
Squares
Corrected Model 58489.413 14 4177.815 267.840 0.000
Intercept 315539.355 i 315539.355 20229.235 0.000
Solvent 46469.304 2 23234.652 1489.574 0.000
Time 10642.640 4 2660.660 170.575 0.000
Solvent*Time 1377.468 8 172.184 11.039 0.000
Error 1871.782 120 15.598
Total 375900.550 135

Corrected Total 60361.195 134
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Figure-Appendix E8 Interaction effect of extracting time (3-12h} and temperature {(60-80 °C) on

gel strength (g) of chicken feet gelatin from acid swollen ground chicken




98

MIRAMARUIA 19 Aanualnlyuvewm G-12 $aTug) unzgumgil (60-80 serniraiBa) Il

mMsatadennuudwsavaveavamundlatah lnuanivii s

@adaua1

Table-Appendix ES Analysis of variance of extracting time (3-12h} and temperature (60-80°C)

on gel strength (g) of chicken feet gelatin from alkali swollen ground

chicken feet

Source Type I1I df Mean . F Sig.
Sum of Square
Squares
Corrected Model 114328.675 14 8166.334 580.047 0.000
Intercept 870848.719 1 870848.719 61855.560 0.000
Solvent 88079.648 2 44039.824 3128.107 0.000
Time 23190.166 4 5797.542 411.794 0.000
Solvent*Time 3058.861 8 382.358 27.159 0.000
Error 1689.450 120 14.079
Total 986866.843 135
Corrected Total 116018.125 134
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Figure-Appendix E9 Interaction effect of extracting time (3-12h) and temperature (60-80°C) on

gel strength (g) of chicken feet gelatin from alkali swollen ground chicken

feet
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