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Abstract

Bigeye snapper skin was pretreated with 0.025 N NaOH for 2 h and 0.02 M acetic acid
for 2 h. Gelatins from pretreated fish skin, extracted at 80, 90, 100°C for 1,2, 3 h and 110, 120,
130°C for 30 min, were compared. Hydroxyproline (Hyp) yield of gelatin increased with
increasing extraction temperature and time (p<0.05). The samples extracted at 120 or 130°C for
30 min and 100°C for 3 h showed the highest Hydroxyproline (Hyp) yield (76.36, 68.44 and
68.24%, respectively). Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis (SDS-
PAGE) pattern of gelatin indicated that hydrolysis of gelatin occurred during extraction at 100 to
130°C. The comparison of gelatin extracted from bigeye snapper, threadfin bream and lizardfish
skins at 120°C for 30 min was conducted. Bigeye snapper skin exhibited the highest gelatin yield
and the highest odour acceptance score (5.40) (p<0.05) determined by 9-point hedonic scale.
After drying, the bigeye snapper skin gelatin contained 90.92 % protein, 4.65 % moisture, 1.47
% ash and 0.05 % fat. Solubility of the gelatin was greater than 85 % at pH 1-10 and bloom
strength was 62.6 g. The foaming ability increased and emulsifying property decreased with
increasing gelatin concentrations (p<0.05).

Gelatin hydrolysate was produced by 2-step enzymatic hydrolysis of gelatin extracted
from bigeye snapper skin at 120 °C for 30 min. Firstly, the gelatin was hydrolyzed by 5 %
Alcalase at 55 °C pH 8 for 0, 30, 60, 90, 120, 150 and 180 min, followed by 5 % Neutrase at
55°C pH 7 for 0, 30, 60, 90, 120, 150 and 180 min. The antioxidative activitiy result showed that

the gelatin hydrolysate hydrolyzed by Alcalase for 90 min and Neutrase for 30 min yield the
(6)



highest 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) radical scavenging
activity (p<0.05).

To reduce fishy odour of the gelatin, washing fish skin with water for 4 times or NaCl
solution (0.5, 1.0, 1.5 and 2.0 % w/v) for 2 times followed by water for 2 times were compared.
The multisample difference test result revealed that gelatin extracted from fish skin washed with
water for 4 times had the lowest fishy odour (p<0.05). Nevertheless, adding activated carbon
(0.25, 0.5, 0.75 and 1.0 % w/v) in gelatin hydrolysate before drying had no effect on fishy odour
reduction (p>0.05). The sulfer-containing compounds (dimethyl disulfide and dimethyl trisulfide)
were the most important volatile compound affecting fishy odour in gelatin, while gelatin
hydrolysate having Neutrase-like odour contained amine and pyrazine volatile compounds. The
dried gelatin hydrolysate was composed of 83.14 % protein, 6.65 % moisture, 8.54 % ash and
0.04 % fat. Antioxidative activities of the gelatin hydrolysate including metal chelating, 1,1-
diphenyl-2-picrylhydrazyl (DPPH) and ABTS radical scavenging activities were 0.44 mg EDTA
eq/mg protein, 4.92 and 482.69 pumol trolox equivalent/ g protein, respectively. However, no
ferric reducing power (FRAP) was detected. Solubility of gelatin hydrolysate was greater than
95 % at pH 1-10. The foaming ability increased and emulsifying property decreased with

increasing gelatin hydrolysate concentrations (p<0.05).

To investigate a gelatin hydrolysate fortified food product concept, female consumers
(n=200) with the age of 18 years and over from Songkhla province were used. The product
concept was blend orange and berry juice with fruit pulp. A mixture experiment was used to
optimize fruit juice formulation. The formulations of blend fruit juice with different ratios of
orange to berry (100:0, 75:25, 50:50, 25:75 and 0:100) were compared with 9-point hedonic
scale. There were no significant differences in appearance, odour, viscosity, flavour and overall
acceptance score among the samples (p>0.05). However, the overall liking score of the sample

with orange to berry ratio of 50:50 tended to obtain the highest score (7.28).



The gelatin hydrolysates at levels of 0, 0.25, 0.5, 0.75, 1.0, 2.0 and 3.0 % were fortified
in the blend fruit juice (50:50). Odour, taste and overall acceptance scores of the blend fruit juice
decreased and pH, L*, a*, b* as well as viscosity increased with increasing gelatin hydrolysate
concentrations (p<0.05). However, no significant differences in all sensory attributes between the

sample added with 0.25 % gelatin hydrolysate and the control (p<0.05) were observed.

The consumer test of the blend fruit juice fortified with 0.25 % gelatin hydrolysate for
female consumers (n=200) with the age of 18 years and higher from Songkhla province was
carried out. A 9-point hedonic scale results showed that average acceptance scores of appearance,
odour, viscosity, taste and overall liking were 6.91, 7.15, 7.04, 7.44 and 7.45 respectively.
Purchase intent score of the blend fruit juice demonstrated that 35.7 % consumers were ‘definitely
would buy the product’ and average score was 4.16. After they had been informed about the
health benefit of gelatin hydrolysate fortified in the product, the average purchase intent score

was increased to 4.37 (p<0.05) and 54.1 % consumers were ‘definitely would buy the product’.
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Figure 1. Triple-helical structure of collagen

Source: Voet et al. (2008)

Table 1. Collagen and their distribution

Type Triple helix Distribution

I Two identical ¢ 1 (I) chains + skin, tendon, bone

one ¢ 2 chain

I three o 1 (I) chains Intervertebral disc, cartilage
I three o 1 (II) chains Cardiovascular vessel, uterus
v three 1 (IV) chains basement membrane, kidney

glomeruli, lens capsule

Source: Wong (1989)
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Figure 3. Protein patterns of the gelatin from sole (a), mergrim (b), cod (c), hake (d), and
squid (e)
Source: Gomez-Guillén et al. (2002)



Table 2. Amino acid content in some fish gelatins compared to pork gelatin (residues/1000 total

amino acid residues)

Amino Priacanthus Priacanthus Cod Alaska Pollack N 5 Tilapia Pork
' 5 5 N Hake Mergrim 5 5
acid macracanthus tayenus skin skin skin skin
Ala 103 136 96 108 119 123 123 112
Arg 92 60 56 51 54 54 47 49
Asx 61 51 52 51 49 48 48 46
Cys - - 0 0 - - 0 0
Glx 103 78 78 74 74 72 69 72
Gly 193 286 344 358 331 350 347 330
His 12 10 8 8 10 8 6 4
Hyl - 10 6 6 5 5 8 6
Hyp 91 77 50 55 59 60 79 91
Ile 10 5 11 11 9 8 8 100
Leu 27 24 22 20 23 21 23 24
Lys 38 31 29 26 28 27 25 27
Met 17 12 17 16 15 13 9 4
Phe 21 15 16 12 15 14 13 14
Pro 134 116 106 95 114 115 119 132
Ser 38 36 64 63 49 41 35 35
Thr 32 29 25 25 22 20 24 18
Trp - - 0 0 - - 0 0
Tyr 6 4 3 3 4 3 2 3
Val 21 22 18 18 19 18 15 26
Imino 193
225 156 150 173 175 198 223
acid

Source: Modified from Kittiphattanabawon (2004)1; Jongjareonrak (2006)2; Karim and Bhat

(2009’
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ﬂTﬁ’c’fﬂﬂl%ﬁWﬁuﬂﬁ%ﬂ@Uﬁl’Jﬁlﬂluﬁ@u 3 YUADU ﬁ@ 1) ﬂﬁﬂ;]‘ﬂ@ll‘ﬂ@\i@lu
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4 o w 4 { ] ' @
(pretreatment process) Lﬁammmﬂﬂizﬂauﬁ"lu%maammuaaﬂ”lﬂmmm@u

Q
Y
o

Y . = A I a 9 9
2) NSZUIUMSTANA (extraction process) Bevziasunasaavuwilunaraualsanusouuaz il
I'd
3) msﬁﬂﬁ'mqmn,l,axﬁmﬁ'q (purification and drying) (Karim and Bhat, 2009)
A oA g Y
1. mydgiiaiessu
Y a oA g Y ] a 9y 3 a A A A
duaoumslfiadesduansonisaianlaiiu 2 via Ao waiaui
y I a 1 H
wisn Tasl¥nszuiumsnldnsavstumaranysznn A (ype A gelating  @IuiEsouaIY
: 1 < a %
aszuIumMsnlga1aazitunaidiulsenn B (type B gelatin) 9 Wasswa azase (2007) 14
Y Y
319a208AVDINIADINTTUIUMT A3l
Aq ¥ .
1.1 ﬂizﬂ’mmi‘vﬂﬂmiﬂ (acid process)
Aq ¥ I Aq Yo @ o o
nszurumsnlgnsadiunszuirumsnlsnunniumisy vialawag
nszgnuuyia  Tasmivlarszdouet lviusennoulaonyumlesdieninsinszueniuy
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vyn udrldanuioudieleiirfigungil 60-65 osswaiFod a1nuuaziinglu
sazaensa 1wy nialalasnaoin nsavoanesnuTonsasanisn (nsne1M1s) NUAI
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mvenlgnsalutuasunswsoudI061911098 Y 191 Nalinanon HAZANE (2007) 1AANHI
4 a 1 [ aa 4 o o % [ o
s ldoulyl nlUsusrudumsldnsaozdanmori Iiriialarnivinunesdineuiii i
[ a 9 a a a 1 [} 9] d' a = 1
anaaaulagldldu 15 Alagianensuvesnisdarngungil 4 osuzaFea Wy
a a { o [] { 1 Aa o a a
Tawanaanaiduiosas 4032  luvazndlredtan ludueulsminllsuldinanandosas
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22.16 UOAIINY Jamilah t1ag Harvinder (2002) l@an¥insanamaiauanmiisvestlaiiia

A1 (black tilapia, Oreochromis mossambicus) tazdardauna (red tilapia, Oreochromis nilotica)
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MUHIAIYITNMIUHILDULYDNUUS  LAZITNNITANHIVUDI Ahmad LD Benjakul (2011) theanu

aa a { 4 ] o [
ﬂ”lii%ﬂiﬂ@%ﬁlfﬁﬂlmxﬂiﬂW@ﬁW@iﬂﬁﬂ’J”mlsﬁjusﬁlu 0.2 Tuais usrsdard (Aluterus

a
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wisdaainan lananguiigi 45 esswadoaduna 4 uaz 8 $2Tua WIMTHTHI
Uardensavleanosniinalinandaganii (Fesaz 6.12 uaz 11.54 ieldnarana 4 uaz 8
3 o w 4 o o ) aa Y A q9 o
%7 Tanudat) wemesunums 1snsaezdan (Gosaz 5.23 uaz 9.18 e 19Ia1a1a 4 uaz 8
%7 139 naaL)

Hq 91 .

1.2 NFLUIUMSTN 1FA (alkali process)
a a Y 9 A A A 1 o
MINAAAIAUINNIZYNITADI IFIa1NMHeINNTYTINUTTIge  Taei
Y 99 y A N a ¥ 4 0 q ¥
nseanuIua ualuaNuTeuNgUUYN 82 — 121 earusaFed  MINUMIKIBIEALaZId
urenguuigil 72 - 132 seruwaiFoa  nszgniazinnanaaauzdosida luiuesnion
vy = 1 o @ 1 y & 9 9 9 ) 2 &
udReEnuTUAeUMITIvALIIRAIensa la Tasaaosnidudusesas 4-6 1dnarluduaouil
o { ' 1 <, Fs
Usznm 5-73u Tasnanszgnitewssigoeonudlaziiondn “ooa lai” (Ossine) ood lai

Yy v 32 ¥ Y q9 a sy o A )
CHPNAWAIYUINAY 9 AT LLa’JGLGHLLﬂaLGBEJEJ"l%Iﬂii’Jﬂ]’lﬁlfﬂii’]ﬂﬂg 1-4 GL‘L!ﬂ”Ii']JﬁJWLBGH‘lWﬂEJ

U

a,
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arnunuiunarwuailsvieyliidlu 3 vdwWiunszuIumMIAIvUgaMeNo¥UBIAIBE19
] 1 @ a o v 3
1204 1u%29 5 - 7 uazananaauInood laxii lag 14
2. NTLVIUMTANA (extraction process)
Y 9 P '
Junoumsanatuinlfihdouieanaereaidusenuininiagaumisla
AAq Y @ 1 1 = I o .
gargin g lumsanaog1uge 40 - 80 oarsardee 11uda1 12 - 18 ¥ 149 (Karim  and
Bhat, 2009) nMsAnyuiemiaazimingaulumsananaiduanrialaiaan (Skate)
' =) ) @ J
Tuaagungil 40 — 70 DA EAIFed WU 3 FI119 (Cho e al, 2006) WHIaINI 1 AT
(Grass carp) 11M13NAARIIUFIQUNYN 40 — 80 DIAHAIFHA U1 1-8 U119 (Kasankala er
al., 2007) nazilameauan (Pollack) H3olawlsHn aoa (Pacific cod) 1n1InaavelugIg
gunigll 50 - 100 oA UTAITEA UIW 1 92109 (Kawahara and Tanihata, 2005) Wy 1¥wan
Y

o A A A Adq U o a o I ¥ A A 2 '
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3. mamIRusgnsuaz e
v

Y
% IS

A o 9y a ] A 9y ! A o
Tuapuifemmldnaiauegluzdunundeans wu n13nT9HIBN1TIN
9 I Y o = Y ] A v a I ' ]
g 1uau MnduasuMIeIeNdl0gNuUIRaIateaniu 2 Uszianainanoniy
1 ?,‘, dyﬂl ] [ A
uana N TuauiaeyUNY Ao
3.1 a1auds2nN A (type A gelatin)
[ A A 9 o ] o 4 A
asanaaaui lavzgnihuinsesiuaeanitaniasuuenleoon -
. . A a ) 1 ?x‘a o Y
me“laaau (anion — cation exchange column) Lwaaﬂﬂsmmmmamiﬁm mﬂuuwﬂw
Yy 9 9 ax A A o a Y Yy Yy 9 9 Y '
WNTUAISgINIARIe s o anIHamssuldiianuIIuiosas 15-30 1aINTOINDU
1 [l 1 S 1 <] a P
Usvierldeglugiess — 6 aniuszmeldlisvewdailudosas 50 aaeslsdn

Aa 1 = a = o Y K <3| Y
UNHUITHIN 120 — 150 99Ausalsed UIU 13 IUIN m“lmauuaxmugﬂtﬂmaummﬂ

]
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1 4 Qy o v A
durgudnan 18 11 hudelagldiadlauTenun 70 ssruvaidod vald lduuia
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v
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9 ' o <3 a Y a [ Y
PUNIAMINADINITNOUNMTUTTINazIANY  Tasnaraun latye le Ta'lossiinminy 7-9
(Wasswa et al., 2007)

3.2 9aaul52N B (type B gelatin)
a d‘ [ 9 o ' ' é Y
Msazaenmauiana ldeggminnnsesruurunsosilsznou lidoe
ad
wagiaauaz”lﬂ@mauu%maiﬂ (cellulose/diatomaceous earth plate — and — frame) UAY
v
Mda lesaudie ueu'loootin — uan'lossiinsdua  MATUTLHMHRAAUIULANUTUYU
o % 1 ] a P
Sowaz 15 — 45 udrvuihlnses divierldegluries — 7 wazmaes lsan 138 — 143
= < a = ° Y o Y Y 9 [ o °
paruaed 1Uuna1 8 — 12 3w mldeunazi lvuiealeaniou 1 -3 walug 1N
a3 1 a a 1
vailuoynnuuIA 80 — 30 wd APUMITUIIY nszuIUMsHanataulaeldarsernly
[ 4 a { a [ Y
naune 20 ddensi Taoaraun 1atiea leTa lopetinminy 4.8-5 (Wasswa et al., 2007)
auvAveaavaInian
- auanadums lva (rheological properties)
A a a [ . A
waitnanmeaiautaunalsennnienin (physical  gel) 1109910
@ an A @ [ 1A o Y A < 4 A o
FuaINIeNI 0N Ut IznINae lanm ldinanaduusauaes Nnavsenuse lalasou
(Karim and Bhat, 2009) £/a29au83aa1@uainsnauann ldnainininanasyazaigaie
ANTOUIAD (thermoreversible  gel) IFUIABINVIIAVOUATY (casine) 81158 (agarose)
NGE (pectin) HAZAIT VYUY (carageenans) (Papon et al., 2007)
< . . I
ANUUUILTY (gel strength) HALIAWABDULTAIVOIIA (gel melting point) 11lu

va [ a a X 2 Y 4
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nIaezdl luazoaaiusznIndelsuoan (o) uaziua (B) Tumaiau  Tagaziunizao
v J = %’ o = &
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9 9
. v . . U 1 I~
al., 2004; Gomez-Guillén et al., 2011) 7199 Schrieber AL Gareis (2007) NANIAITULLUILLTI
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a d o a a . . 1 a
mailuwanuaiduiniaiiia (dlapia) taz1a1nuun (horse mackerel) WUIUIAIAUVD
g’z a S A a [ U Y 1 a dy
Yarnsaesrialilsuiunsaeziiludinandesninearausindainea uenvIni
Gudmunsson 4ag Hafsteinsson (1997) §4n11aNua s lumsimanaveasaiauszanad
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deganasmmad Felaena ldezdindguugisunmeuysd ldnaguanianisoni
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azareluthn (melt-in-the-mouth) Zhou LazAME (2006) ﬂ61331ﬂmﬁuﬂﬁﬂ1§ﬁuﬁﬁqﬁ}ﬂlﬂﬂ
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4 1 4 a @ 1 a @ 4 Y
nhl Induuugy (random coil) iegmngianaslaseaiuainanznanisvad ol sumig
A a a a . . [ a 3 1 Aan o
Taseasasudunsensditlaedn (riple helix) aswaldnailulasevieauiinnazild

AYDIUIAAUTANVLVINLTI (Mackie ef al., 1998; Kuijipers et al., 1999)
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i1ag 11-28 a3y aLsy e Lmﬂaﬂﬁlﬁﬂ’ﬂhﬁuﬂﬂq\‘lﬂ’ﬂ (Leuenberger, 1991) UMeNIANATYIN

nnmAunyias Pezlyafanatazqanasumadedfioungll 2025 uaz 2831 04
9
U (% v IS

Y
FAUTOT AINEIAY NIUIAY auilFlumsananaiauiinaden AUTNUAAINA1I0HIININ

A

@ Gilsenan 1tag Ross-Murphy (2000) latfSeuifiouaniianians lnauazyaraouazaie

a v J Y a 1 1 a { [ %‘ <
GUENmamumﬂamfiﬁmaﬂﬁ’aaummzﬂm%u@mﬂ il wuaauntainerde luwaingu

£

a A~ Yy 9 = ~ Ao &2 3 = aa
ZNARALNDUANVNUUGILASHIAN DU AINGUW YN mtﬂuwammﬂmmﬂmaﬂu

TuifSunad Taonsadd Iulinasonsnalassaduuumendsy lusazinaiduainial
~ ] ?,‘ 1 =\ A Y 2 (% a @ c’d" 9 d"
nodeluvaiguazinaauialnamesnunainuanda@eagnaleuy Uen1nll Ahmad
. Y= a ua @ @ 1
18z Benjakul (2011) l@dAnwanizlumsifiaaemisia1id (iuterus monoceros) nou
o [ a an a { 4 4 [] v
ldananaidu Tasldnsaozdanuaznsanoadainnanududu 0.2 Tuais ousniis
o ?x’l ~ o a I o ~ a = 1 ° @
o luvuaeumswssningauiumar 24 47 Tue Nguugl 4 eeruyaed  NoUINIIY

a

@ 1 o A I & ' 1 @
Uarainanlianangungil 45 osrwademilunal 4 uag 8 ¥ Tus wumMsuswHIialal
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v A a Y1 < "y A4 qu
aransanaanesnimalimnNuuTI VoA gIn (Fosay 149.77 uay 121.92 e l4al
[ o o @ A =1 o 9 aa Y A 9
ana 4 uaz 8 W lusenuaiay) emeunumsl¥nsaosdan (Soeaz 56.90 tag 51.73 o 14

Y @ o w < ' 1 ] o
naana 4 uag 8 ¥ luamua1an) Tesluwauininszriamsusniavyedae19az
funsaeiily aewaliinanszuaumseanoasu (phosphorylation) Favzileniling
usanszsiloooiinszrinnyomauaz nyozii Tu (NH,) vesnsaozdlu Mldinanuse
v Y
T3 (crosslink) 5¢11314 TU5AUNUIY (Guo et al., 2005 8191A8 Ahmad and Benjakul, 2011)
A I Aa v Aa 4 a

- autansiluasenad lvheesuaznsina Tvly (emulsifying and foaming

properties)

Y A

a A A ' I o Aa
pandudaniaFanhnoy o laun anuawsalumsidluansildine Ty
(foaming agent), o 139 lTinadTaty (emulsifying agent) Las o 137 1idlen (wetting agent)
A AAa 9 a A ~ 1 %’ I k4 & o 9
osnnidmihves luwananaauiiaiui hiveurniuesadsznoy  Feansoilyls
4 o
Use Torilugae1MnIsueIn1s @AaINNIIVET LAZNIINITUNNG 1A (Cole,  2000)
] <3 Aa I A v Aa A ° 1 a A ] A Aa
ae19 lsnaunanduiuarsolad Ieesnlianuausadinnarsyiaou q 1wy Tusaunil
. A o a . v & 9 a ~ 1 =
gﬂmqnau (globular protein) ¥IBNNUDLI1UA (gum arabic) AU UNT 1A LN I9g1Re)
A v o o a I v J J
lumsinsendiatusziliinailuneavouna (droplet) vuialnaiszraranis la Tud lud
1 9 a o @ = Y = 9 a 1 (% =R A
danaliszuudiasuideaninldiie FeanslFnardusiunuaisaaussdanilsznm
a . . A [ a 1 d' 1 %,‘ 9 ] [ 1 d'
uou'lovailn (anionic) Hionr3Usluearaulasnsaadiun lusenii1ded ludadiun
.. @ Aa v o { a [~
M (Olijve et al., 2001; Surh et al., 2005)  Iagnaldddasuntnarduantanilu
a v Aa 4 o ] o <
oad Iiwodvziinnuasdlegluszaulunaiy & Surh uagame (2006) 1AANHIAIN
@ A v oo %} o %’ ey . Y a Aa %’ o
AN MMV atulsznniului (Oil-in-water) Taglsaaraudarnuuivin
:: a d’d %} o 1 9 a g‘/ a d‘ [
Tyanadwaznaaulaniivinluanags WuMI lFeaaunigeIsianssaunI
y 9 9 ~ 1 o Y a 3 Ao @ ] o
WNIUToIAE 4 INBINOADM TN IHINANIAUDUHAIVUIANNTNTNTZOADSWTNUTUD
Tudasuld

J

- guiiaNsnaNdy (Film—forming properties)
1IN51891UIVYNHIUL (Avena-Bustillos er al., 2006; Jongjareonrak et al.,
, i1, 1 a a o Jd Y = @
2006; GOmez-Guillén et al., 2007) W‘]J')Tlﬁ]a1@“ﬂ1ﬂﬂa1ﬁ1u1§ﬂlﬂﬂwamqﬂﬂ "']NTﬂEJ‘V]’JlllI
a| d a { [ %‘ 1 1 1 %‘ o . 1
Wdwvovaaraunindarnerdeluvatiigu wu darngwanaiinluad (Nile  perch) i1
~ A @ Y A v a d a @ a
ﬂ]TNLﬂﬁﬂﬂLLﬂgﬂTiUﬂﬁj‘lﬂaLﬂﬂ\?ﬂﬂ?‘lﬂﬂﬂl@ﬂ!ﬂﬂT@]UﬁnﬂfJ'J (Muyonga et al., 2004) Wawveq
a = = 1 %’ :) 1 a v d’i a = =

ﬁ]ﬂ”l@‘]uﬂﬁ1il3uﬂ1ﬂ1§%uWTLHJ@\11@“1@]1?\31!%@1@]1&“3&“@333 Lu@ﬂﬂTﬂLﬂaTﬁuﬂaTuIWiau

nagleasend InsanlulSuimdr shildvianyleasonganiinnuawisolunmstuny
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3 . g (% o I~ o a
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Figure 4. Hydrolysis of a peptide bond by protease
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Table 3. Different methods of controlling the degree of hydrolysis of protein hydrolysate

Method Principle

pH stat Keeping pH constant during hydrolysis; amount of titrant is
equivalent to DH

OPA O-Phthaldialdehyde reaction with primary amino groups to form
a colored detectable compound

TNBS 2,4,6-Trinitrobenzenesulphonic acid reaction with amino groups

to form a colored detectable compound

Osmometry Measurement of freezing point depression, which correlates to
DH
Ninhydrin Ninhydrin reaction with amino groups to form the colored

detectable compound

Formole titration Titration of amino groups with formaldehyde

Soluble nitrogen Amount of soluble nitrogen during hydrolysis

Brix Refractive index correlating with soluble dry matter

TCA index Amount of peptides soluble in trichloroacetic acid (above a

certain molecular weight the peptide precipitate)

Peptide chain length HPLC method based on gel permeation chromatography
Change in pH Follow pH during hydrolysis
Viscosity Follow change in viscosity during hydrolysis

Titration to basic pH Titrate acid formed during hydrolysis (at pH >5.5) up to pH 8
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Source: Nielsen (1997)
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Table 4. Compounds and odour descriptions analysed by GC of sea fig

Peak number RI Odour description Compound
1 <500/640 Sulfury, rotten Methanethiol
2 502/845 Fishy, crustaceous Trimethylamine
3 554/742 Fresh, marine NI
4 594/990 Buttery Butane-2,3-dione
5 650/— Sulfury, gaseous NI
6 733/1089 Sulfury, rubber Dimethyldisulfide
7 759/1321 Green, metallic Pent-2(E)-enol
8 804/1639 Cheese-like Butyric acid
9 807/1122 Sulfury, cured meat 3-Methylbut-2-ene-I-thiole
10 816/ Toasted NI
11 843/1388 Green, grass Hex-3(Z)-enol
12 852/1284 Meaty, nutty 2-Methyl-3-furanthiole
13 885/1262 Metallic, boiled potatoes Hept-4(Z)-enale
14 890/1450 Toasted Furfurylthiole
15 900/1361 Grilled, rice 2-Methylthiazolidine
16 959/1315 Mushroom Oct-l-en-3-onee
17 965/1390 Metallic Octa-1,5-dien-3-ole
18 1020/1220 Mint Eucalyptol
19 1028/- Rubber, sulfury Sulfur compoundf
20 1056/- Grilled, phenolic p-Cresol
21 1065/1780 Grilled 2-Acetyl-2-thiazolinee
22 1073/~ Roasted pork NI
23 1095/2206 Fresh, marine Sulfur compoundf
24 1127/1589 Green, fatty, melon Nona-2,6(E,Z)-dienale
25 1153/1750 Green, fruity, water melon Nona2,6(E,Z)-dienol
26 1161/~ Fresh NI
27 1167/ Herbaceous, mint NI
28 1230/— Green, fishy, fresh NI
29 1247/2302 Meaty 5-(2-Hydroxyethyl)-4-methyl-thiazole

Note

NI mean compound responsible for odour description not identified.

RI, retention indices
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Source: Senger-Emonnot ez al. (2006)
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acid) (ABTS), 1,1-diphenyl-2-picrylhydrazyl (DPPH), chlororamone T, L-bovine serum
albumin(BSA), L-leusine 8¢ frans-4-hydroxyproline 310 Sigma Chemical Co. (St Louis, MO,

USA) perchloric acid, perchloric acid, copper sulfate, isopropanal, ethanol, methanol,

hydrochloric, Sodium potassium tatrate copper sulfate 910 Labscan Ltd. (Dublin, Ireland) tia1g

Sodium dodecyl sulfate (SDS), Coomassie Brilliant Blue R-250, G-250, phenolphthalein ta

N,N,N’,N -tetramethyl ethylene diamine 910 Bio-Rad laboratories (Hercules, CA, USA)

potassium persulfate (18¢ p-dimethylamino-benzaldehyde 31 Fluka Chemical Co. (Buchs,

Swizerland) type I collagen from calf skin 910 Elastin products Co., INC. (Owensville, MO,

USA)
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Colour metre ColorFlex HunterLab , Reston, VA, USA

Texture Analyzer TA-XT2i Stable Micro System, Surrey,
England

pH meter CG8&42 SCHOTT, Mainz, Germany

Blender Easypower Moulinex, China

Magnetic stirrer BIG SQUID IKA LABORTECHNIK, Stanfen,
Germany

Overhead stirrer RW 20.n IKA LABORTECHNIK, Stanfen,
Germany

Oil bath B-490 BUCHI, Flawil, Switzerland

Water bath W350 Memmert, Schwabach, Germany

Vortex mixer G-560E Scientific Industries Inc., NY, USA

Microcentrifuge MIKRO20 Hettich ZENTRIFUGEN, Leipzig,
Germany

Refrigerated centrifuge Avanti J-E Beckman Coulter, Fullerton, CA,
USA

Brookfield Synchorolectic DV II+ Brookfield Eng Labs Inc.,

viscometer

Compact-PAGE apparatus

Electrophoresis apparatus

Homogenizer

Hand refractometer

Autoclave

PAGEL®-Compact

Mini-Protean II

T25 basic

Model ATC-1E, Brix 0-

32%

SX-500

Middleboro, MA, USA

Atto Co., Ltd., Tokyo, Japan
Bio-Rad Laboratories, Inc., Hercules,
CA, USA

IKA LABORTECHNIK, Selangor,
Malaysia

ATAGQO, Tokyo, Japan

TOMY, Digital Biology, Tokyo,

Japan
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Table 5. Extraction conditions of gelatin from bigeye snapper skin

Fish skin: water Temperature
Extraction . Time
(weight/ volumn) (O
Water bath 1:10 80, 90 1,2, 3 hrs
Direct heat 1:10 100 1,2, 3 hrs
Retort 1:2 110, 120, 130 30 min
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Suadosazmanan = 2 x100
1

] H 4
e H, as  smaleasendInsaulumisdafisumsdgiadesdunda 100 niu
H, o 1smaleasen® Insaulumsananaaunanannmislaifimums

Y
Ufiaesdunds 100 niu

- guuunTals@uTag SDS-PAGE (Leammli, 1970) A9 AHUIN V13,

- szaumslalas ladd (Benjakul and Morrissey, 1997) (AANUIN V12.)
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Table 6. Pretreatment process for fish skin

Removing
Fish Swelling process
non-collagenous protein

Bigeye snapper 2 hr 2 hr
Threadfin Bream 3hr 40 min
Lizardfish 3hr 40 min
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Table 7. The augmented simplex-lettice design for fruit juice

Ratio of fruit juice (%)
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Orange Berry

1 50 50
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5 100 0

6 25 75
7 75 25
8* 100 0

Note: * replicated run
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Table 8. Hydroxyproline (Hyp) yield of gelatins extracted by different conditions.

Extraction condition Hyp yield
Temperature ‘o) Time (h) (%)
80 1 50.79 +1.78"
2 57.06 £ 5.06™
3 53.36 +10.73
90 1 61.22+1.61"
2 57.55 + 1.44°°
3 55.01 £3.10°
100 1 52.40 £ 5.06°
2 48.06 + 7.30°
3 68.24 +6.15"
110 0.5 60.77 + 4.90™
120 0.5 76.36 + 1.64"
130 0.5 68.44 +1.15%

Means + SD from triplicate determinations (n=3).
Different superscripts in the same column indicate the significant differences (p<0.05).

PFS: pretreated fish skin
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Figure5. SDS-PAGE pattern of gelatin from bigeye snapper skin extracted at different

temperature and time under non reducing condition. I: type I collagen
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Table 9. Fishy odour and acceptance score of gelatins extracted from different fish skins

Score
Fish skin
Fishy odour Acceptance
Bigeye snapper 7.03£3.57 5.40 +1.51"
Threadfin Bream 10.25 £3.96" 3.40 +1.35°
Lizardfish 9.53 +£4.10° 3.90 +1.79°

Means £+ SD from 12 trained panelists for multisample difference test and from 30 panelist for
hedonic scale.

Different superscripts in the same column indicate the significant differences (p<0.05).
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Table 10. Proximate analysis and properties of gelatin extracted from bigeye snapper skin

Chemical composition and properties

Ash 1.47+0.04 % wet basis
Moisture 4.65+0.42 % wet basis
Protein* 90.92+0.39 % wet basis
Fat 0.05+0.03 % wet basis
Solubility >85 % atpH 1-10
Turbidity of 6.67% gelatin solution 0.842+0.017 %
Colour of 6.67% gelatin gel L* 32.58+1.99

a* -1.67+0.28

b* 6.14+1.76
Bloom strength 62.6£2.1 g

Means + SD from triplicate determinations (n=3).

*Convertion factor = 5.4.
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Figure 6 Foaming properties of gelatin from bigeye snapper skin extracted at 120°c for 30 min at
different concentration (0.1 — 3.0 %). Bars represent the standard deviation from triplications.
Different lowercase letters under the same concentration indicate significant differences (p<0.05)

and different uppercase letters under the same time indicate significant differences (p<0.05).
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Table 11 Emulsifying properties of gelatin from bigeye snapper skin extracted at 120°C for

30 min at various concentrations

Emulsifying activity index Emulsion stability index
Gelatin concentrations (%) )
(m7/g) (min)
0.1 84.91 +9.93" 15.97 +1.54°
0.5 21.58 £1.01° 20.49 + 1.78"
1.0 13.73 £ 1.08° 24.14 +5.00"
3.0 6.18 + 0.96" 0

Means + SD from triplicate determinations (n=3).

Different superscripts in the same column indicate the significant differences (p<0.05).
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Table 12. Fishy odour score of gelatin extracted from bigeye snapper skin washed by NaCl

solution at various concentrations

% NaCl Fishy odour score
Control (unwashed) 8.47+2.36"
0% 3.20+1.69°
0.5 % 6.76+2.85"
1.0 % 4.77+1.81"
1.5 % 5.09+1.97"
2.0% 7.46+3.38"

Means + SD from twelve panelists.

Different superscripts in the same column indicate the significant differences (p<0.05).
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Figure 7. Degree of hydrolysis of gelatin hydrolysates hydrolyzed by Alcalase at various times.
Different letters indicate the significant differences (p<0.05). Bars represent the

standard deviation from triplicate determinations.
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Figure 8. ABTS radical scavenging activity of gelatin hydrolysates hydrolyzed by Alcalase at
various times. Different letters indicate the significant differences (p<0.05). Bars

represent the standard deviation from triplicate determinations.
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Figure 9. Degree of hydrolysis of gelatin hydrolysates hydrolyzed by Neutrase at various times.
ns indicate not significant differences (p>0.05). Bars represent the standard deviation

from triplicate determinations.
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Figure 10. ABTS radical scavenging activity of gelatin hydrolysates hydrolyzed by Neutrase at
various times. Different letters indicate the significant differences (p<0.05). Bars

represent the standard deviation from triplicate determinations.
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Table 13. Odour score of gelatin and gelatin hydrolysates treated by activated carbon (AC) at

various concentrations

Odour score*

Sample

Fishy odour Acceptance
Gelatin** 3.11+2.11° 5.28+1.76"
GH*** 4.93+3.00" 4.91£1.65"
GH + 0 % AC**** 6.58+2.80" 3.78+1.88"
GH + 0.25 % AC 11.26£3.27" 3.4742.06"
GH + 0.50 % AC 10.44+2.96" 3.31+1.86"
GH +0.75 % AC 8.8142.76" 3.44+1.78"
GH + 1.0 % AC 8.74+43.68" 3.94+1.98"

*  Means = SD from 12 trained panelists for fishy odour score and 30 panelists for acceptance score.
**  Gelatin extracted from skin washed with water for 4 times.

**%  Gelatin hydrolysate without activated carbon treated.

**** Gelatin hydrolysate filtered through activated carbon.

Different superscripts in the same column indicate the significant differences (p<0.05).
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Table 14. Proximate analysis and antioxidant properties of gelatin hydrolysate

Chemical composition and properties

Ash 8.54+0.13 % wet basis
Moisture 6.65+0.08 % wet basis
Protein* 83.14+0.54 % wet basis

Fat 0.04+0.03 % wet basis
Solubility >95 % at pH 1-10

ATBS radical scavenging activity 482.69+3.01 umol TE/g protein
DPPH radical scavenging activity 4.92+40.08 umol TE/g protein
FRAP -

Metal chelating 0.44+0.04 mg EDTA eq/mg protein
Degree of hydrolysis 31.33£2.25 %

Means + SD from triplicate determinations (n=3).

*Convertion factor = 5.4.
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Figure 11 Foaming properties of gelatin hydrolysate from bigeye snapper skin. Bars represent the
standard deviation from triplications. Different lowercase letters under the same concentration
indicate significant differences (p<0.05) and different uppercase letters under the same time

indicate significant differences (p<0.05).

Table 15. Emulsifying properties of gelatin hydrolysate from bigeye snapper skin extracted at

0 . . .
120 ¢ for 30 min at various concentrations

Gelatin hydrolysate Emulsifying activity index Emulsion stability index
concentrations (%) (mz/ 2) (min)

0.1 72.73 £6.61° 0

0.5 6.30 £ 0.46" 0

1.0 2.63+0.83" 0

3.0 2544037 0

Means + SD from triplicate determinations (n=3).

Different superscripts in the same column indicate the significant differences (p<0.05).
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Table 16. Volatile compounds in gelatin (G) and gelatin hydrolysate (GH)

Area Normalized (%)

Compound Flavour attribute

G GH
Amines and derivatives
N-(2-aminoethyl)-1,2-ethanediamine 2.95 -
2,5-Dimethoxy-4-bromoamphetamine - 4.15
4-Benzyloxyamphetamine - 4.30
2-Pentanamine - 341
5-Methyl-2-phenylindole - 1.16
p-Hydroxynorephedrine - 242
N-(Methylthio)carbonyl-oxamide - 2.92
N-Acetyl-3,4,5-trimethoxy-

- 0.57

phenylpropylamine




Table 16. (continued)

Area Normalized (%)

Compound Flavour attribute
G GH
Alcohols
Cyclobutanol ammonia-like 5.39 3.68
3-methyl butanol whiskey, malt, burnt 2.65 -
1-Heptanol herb, mushroom, chemical,
1.30 -
green
2,6-bis(1,1-dimethylethyl)-4-methyl- medicinal
2.27 -
phenol
2,4-Di-tert-butylphenol 1.19 -
S-containing compounds
Dimethyl disulfide sulfury, rubber, onion, cabbage,
19.46 0.67
putrid
Dimethyl trisulfide sulfur, fish, cabbage, green,
2.94 -
marine
Ketones
5-Nitro-3-nitrylpyridone 5.88 -
2-Butanone cheese, butter 341 -
3-methyl-2-pentanone sulfury, black currant 2.28 3.48
1-(2-Furanyl)-ethanone sweet, almondy and nutty 0.57 -
2-Heptanone sweet 0.88 3.34
2-Nonanone fresh, sweet 1.05 3.70
2-Undecanone orange, fresh, green 6.44 1.62
3,5-Bis-trimethylsilyl-2,4,6-
- 7.64
cycloheptatrien-1-one
4-Methyl-2-pentanone sulfury, black currant - 1.35
4-Methyl-3-hexanone fresh - 2.85
6-Methyl-2-heptanone sweet - 0.45
5-Methyl-2-heptanone sweet - 2.29
2-Octanone herb, butter, resin - 0.86
1-[2'-Ethenyl-1'-
- 1.22

cyclohexenyl]propanone




Table 16. (continued)
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Area Normalized (%)

Compound Flavour attribute
G GH
2-Decanone - 2.21
2-Dodecanone fruity, citrus, floral - 0.55
2-Tridecanone fatty, earthy - 0.80
Acids
Ethanethioic acid pungent 2.36 -
Benzeneacetic acid 2.01 -
Propanoic acid pungent, rancid, soy 1.03 -
Benzoic acid - 1.45
Acetic acid sour - 0.59
Butanoic acid cheesy - 1.99
Aldehydes
3-methyl-butanal cocoa, almond, malt 1.45 -
2,4-Hexadienal green, vegetable 0.96 -
Benzaldehyde almond, burnt sugar 1.21 0.79
Miscellaneous compounds
Hexane alkane 11.44 -
2-methoxyethyl-N-N-dimethyl- musty
3.00 -
formamidine
Chloroform chloroform-like 2.74 1.89
4-(4-Chlorophenyl)-2,6-
diphenylpyridine b )
7-Chloro-4-hydroxy-3-methylquinoline ~ odorous compounds in bottom
< 1.29 -
1-Nonene green, fatty 3.57 -
Heptane alkane 7.51 -
Methoxy-phenyl-oxime fishy 2.63 6.88
4-Ethyl-2,5,6-Trimethylpyrimidine - 0.59
Pentadecane alkane - 1.75
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Table 16. (continued)

Area Normalized (%)

Compound Flavour attribute

G GH
4-(4'-Methoxyphenyl)-2,2 4-trimethyl-
tetrahydrobenzopyran - 003
2-Methoxy-3,8-dioxocephalotax-1-ene - 0.24
Pyrazines
2,5-Dimethylpyrazine popcorn, roasted, roasted nut - 5.52
2,6-Dimethylpyrazine popcorn, roasted, burnt, earthy - 2.02
2,3,5-Trimethyl pyrazine baked, roasted, burnt, earthy - 2.66
2,5-Dimethyl-3-ethylpyrazine roasted, earthty - 11.67
2-Ethyl-3,5-dimethyl-pyrazine roasted - 3.28
2,5-Dimethyl-3-butypyrazine - 0.95
2-Butyl-3,5-dimethylpyrazine - 0.50
Furans
2,5-Diethylfuran - 0.26
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Table 17. Demographic and socioeconomic characteristic of respondents (n=200)

Demographic % Respondent frequency
Religion
Buddhism 83.4
Christianity 3.7
Islam 11.5
Age
18-25 years old 27.2
21-34 years old 16.6
35-44 years old 14.7
45-59 years old 20.3
Over 60 years old 21.2
Education
Lower than primary school 2.3
Primary school 12.0
Vocational / high school 11.5
Diploma 1.8
Bachelor degree 56.7
Higher than Bachelor degree 15.2
Career
Student 30.4
Government service 30.0
Company employee 3.7
Housewife 14.3
Business owner 9.7
Labor 4.6
Pensioners 6.9
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Table 17. (continued)

Demographic % Respondent frequency

Income

<10,000 bahts 13.8

10,000-30,000 bahts 45.6

30,001-50,000 bahts 23.0

> 50,000 bahts 16.6
Family members

1 person 6.0

2 persons 10.1

3 persons 18.0

4 persons and over 65.4
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Table 18. Functional food consuming behavior of respondents

Questions % Respondent frequency

Have you known about functional food?

Yes 92.2
No 3.2
Not sure 4.6

How often do you consume functional food?

More than 3 — 7 times/ week 28.1
1 -2 times/ week 27.6
1 — 3 times/ month 17.1
Less than 1 time/ month 26.3

What type of functional food do you normally consume?

Drinking fruit extract 46.5
Yoghurt 68.2
Chicken essence 23.0
Milk products 41.9
Instant drinking powder 28.1
Cereals drinks 52.5
Bird nest 20.3
Breakfast cereal 18.9
Vitamin/fiber fortified fruit juice 25.3
Drinking collagen 3.7
Whole wheat bread 34.1

Others 3.2




Table 18. (continued)
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Questions

% Respondent frequency

What is the reason of consuming functional food ?
Preventing disease / For health
Treating the disease
Beauty
Anti-aging
Good taste

Others

What is an important factor of functional food purchasing?
Advertising media
Friend suggestion
Family influence
Book/ academic information
Good taste/ interesting products
Good for health
Promotion
Internet

Other

85.7
22.6
19.8
19.8
373
32

60.4
39.6
23.0
34.1
39.2
52.5
12.0
8.8
23

What is the reason of stop consuming the functional food that you have been eating ?

Trying new product

Getting bored

Not feel better after consuming

Not good taste

Not worth compared with product value

Others

9.2
6.0
8.8
2.8
8.8
1.4
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Table 19. Type of food product used for developing of gelatin hydrolysate supplemented product

Product % Respondent frequency
Fruit/ vegetable juice 63.1
Herb/ spice beverage 22.1
Instant drinking powder 28.1
Milk powder 46.1
Ice cream 40.1
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Table 20. Fruit/ vegetable juice used for developing of gelatin hydrolysate supplemented product

Fruit/vegetable % Respondent frequency *
Orange 394
Berry 28.5
Grape 21.9
Pomegranate 13.1
Pineapple 8.8

Note * 9% respondent frequency was calculated by comparison with the number of

respondents choosing fruit/ vegetable juice (137 respondents).
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Table 21. The number of fruit/ vegetable used for developing of gelatin hydrolysate

supplemented blend fruit/ vegetable juice

Number of fruit/ vegetable % Respondent frequency *

| 29.2
2 29.2
3 27.0
4 13.1
Other L.5

Note * % respondent frequency was calculated by comparison with the number of

respondents who choosing fruit/ vegetable juice (137 respondents).

Table 22. Characteristic of fruit/ vegetable juice supplemented with gelatin hydrolysate

Characteristic % Respondent frequency *
Clear fruit/ vegetable juice 38
Fruit/ vegetable juice with pulp 62

Note * % respondent frequency was calculated by comparison with the number of

respondents choosing fruit/ vegetable juice (137 respondents).
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Table 23. Herb/ spice beverage used for developing of gelatin hydrolysate supplemented product

Herb/ spice % Respondent frequency *
Roselle 36.7
Ginger 24.5
Lemon grass 224
Chrysanthemum 22.4
Asiatic pennywort 20.4

Note * % respondent frequency was calculated by comparison with the number of

respondents choosing herb/ spice beverage (49 respondents).

Table 24. The number of herb/ spice used for developing of gelatin hydrolysate supplemented

herb/spice or mixed herb/spice beverage

Number of herb/ spice % Respondent frequency *
1 47.7
2 29.5
3 11.4
4 11.4

Note * % respondent frequency was calculated by comparison with the number of

respondents choosing herb/ spice beverage (49 respondents).
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Table 25. Instant drinking powder used for developing of gelatin hydrolysate supplemented

product
Drinking powder % Respondent frequency *
Soy milk 35.0
Coffee 30.0
Milk 21.7
Malt extract 21.7
Green tea 20.0

Note * % respondent frequency was calculated by comparison with the number of

respondents choosing instant drinking powder (60 respondents).
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Table 26. Milk product used for developing of gelatin hydrolysate supplemented product

Milk product % Respondent frequency *
Yoghurt 57.1
Drinking yoghurt 53.1
Pasturized milk 32.7
UHT milk 32.7
Coffee creamer 10.2

Note * % respondent frequency was calculated by comparison with the number of

respondents choosing milk product (98 respondents).
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Table 27. Flavour of gelatin hydrolysate supplemented milk product

Flavour % Respondent frequency *
Original 52.0
Chocolate 34.7
Berry 32.7
Vanilla 22.4
Nut/ cereal 16.3

Note * % respondent frequency was calculated by comparison with the number of

respondents choosing milk product (98 respondents).
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Table 28. Flavour of gelatin hydrolysate supplemented ice cream

Flavour % Respondent frequency *
Coconut milk 34.8
Vanilla 33.7
Chocolate 30.3
Cereal 28.1
Tropical fruit 19.1

Note * % respondent frequency was calculated by comparison with the number of

respondents choosing icecream (89 respondents).
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Table 29. Acceptance score of fruit juice with various ratios of orange and berry juice

Orange: Berry

Acceptance score

(%) Appearance Coluor Odour Viscosity Flavour Overall
100:0 7.43+1.09" 7.55+0.98" 6.98+1.07" 7.17+0.92° 6.72+1.28" 7.17+0.91°
75:25 7.20+0.92° 7.17+0.91° 7.10+1.09" 7.27+0.74" 6.87+1.17" 7.17+0.95"
50:50 7.32+0.93" 7.13+1.10" 7.20+0.97" 7.32+0.81" 7.23+1.18" 7.28+1.09"
2575 7.00+1.08" 6.67+1.30" 6.67+1.24" 6.97+0.89" 7.00+1.31° 6.97+1.13"
0:100 7.03+1.16° 7.22+1.22° 7.10+1.39" 7.18+1.19" 7.25+1.27" 7.23+1.24"

Mean = SD from 30 panelists.

Different superscripts in the same column indicate the significant differences (p<0.05).
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Table 30. Chemical and physical properties of fruit juice with various ratios of orange and berry juice

Solid Colour Viscosity
Orange: Berry Acidity
pH content
(%) L* a* b* cP %T (% as citric acid)
("Brix)
100:0 3.47+0.01° 12.0 41.87+0.02" 8.60+0.05° 46.90+0.44" 26.1+1.5"  24.9+0.4° 0.53+0.00"
75:25 3.52+0.01° 12.0 21.46+0.13°  22.34+£032°  20.94+0.66" 242+0.7°  23.840.6" 0.47+0.00"
50:50 3.57+0.02° 11.9 12.4740.04° 20244028  11.80+0.69° 163125  16.442.6° 0.45+0.01°
25:75 3.67+0.01" 12.0 7.85+0.06" 17.14+0.56°  5.89+0.91° 14.8+1.1°  14.6+0.9° 0.38+0.00"
0:100 3.7240.01° 11.8 5.35+0.08° 11.7240.32°  3.34+0.38° 15.4£1.0°  15.640.8" 0.320.00°

Means =+ SD from triplicate determinations (n=3).

Different superscripts in the same column indicate the significant differences (p<0.05).
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Table31. Acceptance score of fruit juice added with 0-2 % gelatin hydrolysate

Gelatin hydrolysate Acceptance score
(%) Appearance Colour Odour Viscosity Flavour Overall
0 7.03+0.85" 7.00+0.87° 6.73+0.87" 6.93+0.69" 6.73+0.69" 6.77+0.73"
1 7.17+0.65° 7.00+0.87" 5.27+1.72° 6.77+1.07° 5.33+1.83" 5.43+1.55°
1.5 7.27+0.74° 7.27+0.74° 4.47+1.59° 6.60+1.07" 4.70+1.70° 4.93£1.51°
2 7.07+0.83" 6.97+0.81° 3.97+1.67° 6.53+1.14° 3.73+1.78" 4.20+1.73°

Mean £ SD from 30 panelists.

Different superscripts in the same column indicate the significant differences (p<0.05).
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Table 32. Chemical and physical properties of fruit juice added with 0-2 % gelatin hydrolysate

Gelatin hydrolysate Solid content Colour Viscosity
(%) pH ("Brix) L* a¥ b* cP %T
0 3.72+0.02" 12.5 13.16£0.34°  20.50£0.21° 10.87+0.68°  19.1+1.0° 19.2+1.0°
1 4.08+0.04° 13.5 14.26£0.54° 21.5740.42" 13.37£0.54°  20.740.4" 20.9+0.2°
1.5 4.24+0.01° 14.0 15.34+0.27" 21.3140.15° 14.60+1.48"  20.5£0.5" 20.6+0.3'
2 4.34+0.01" 14.5 17.06+0.33"  22.09+0.33"  15.68+1.24" 21.2£0.2" 21.3+0.2°

Means + SD from triplicate determinations (n=3).

Different superscripts in the same column indicate the significant differences (p<0.05).
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Table 33. Acceptance score of fruit juice added with 0-0.75 % gelatin hydrolysate

Gelatin hydrolysate Acceptance score
(%) Appearance Colour Odour Viscosity Flavour Overall
0 7.47+0.78" 7.27+1.01° 7.33+0.80" 7.47£0.97" 7.43+0.90" 7.33+0.76"
0.25 7.60+0.77" 7.60+0.77" 6.93+1.39" 7.67+0.84" 7.00+1.39" 7.27+1.08"
0.50 7.4740.78" 7.4740.78" 6.33£1.37" 7.37£1.07" 6.60+1.30" 6.60+1.33"
0.75 7.43+0.73" 7.40+0.93" 5.63£7.59° 7.13+0.97° 5.90+1.47° 5.90+1.32°

Mean = SD from 30 panelists.

Different superscripts in the same column indicate the significant differences (p<0.05).
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Table 34. Chemical and physical properties of fruit juice added with 0-0.75 % gelatin hydrolysate

Gelatin hydrolysate Solid content Colour Viscosity
(%) pi (’Brix) L* a* b* cP %T
0 3.64+0.01° 12.5 13.4841.00°  20.71+0.73°  12.57+0.70° 19.4+0.9" 19.5+0.9"
0.25 3.74+0.01° 13.0 13.11+0.88"  21.67+0.13"  10.95+0.82" 19.4+0.9" 19.5+0.9"
0.50 3.85+0.00" 13.2 12.9240.15°  19.69+0.19° 12.65+0.86" 18.8+2.4" 18.9+2.3"
0.75 3.93+0.00° 13.4 14.5840.53"  20.90+0.48" 12.38+0.41° 19.6£1.6" 19.7+1.5"

Means + SD from triplicate determinations (n=3).

Different superscripts in the same column indicate the significant differences (p<0.05).
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Table 35. Demographic and socioeconomic characteristic of consumer test for gelatin hydrolysate

supplemented blend fruit juice

Demographic % Consumer frequency
Religion
Buddhism 84.9
Christianity 0.5
Islam 14.6
Age
18-25 years old 32.2
21-34 years old 17.1
35-44 years old 15.6
45-59 years old 18.0
Over 60 years old 17.1
Education
Lower than primary school 4.4
Primary school 14.6
Vocational / high school 9.8
Diploma 2.4
Bachelor degree 58.5

Higher than Bachelor degree 10.2




Table 35. (continued)

Demographic % Consumer frequency
Career
Student 34.1
Government service 17.6
Company employee 13.2
Housewife 8.8
Business owner 18.0
Labor 5.4
Pensioners 2.9
Income
<10,000 bahts 26.4
10,000-30,000 bahts 41.5
30,001-50,000 bahts 17.6
> 50,000 bahts 14.6
Family members
1 person 2.0
2 persons 9.3
3 persons 17.6

4 persons and over 71.2
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Table 36. Functional food consuming behavior of consumers

Question % Consumer frequency

Do you intend to buy any functional food ?
Yes 92.2

No 3.2

How often do you consume functional food?*

More than 3 — 7 times/ week 32.2
1 -2 times/ week 40.1
1 — 3 times/ month 18.6
Less than 1 time/ month 9.0

What type of functional food do you normally consume? *

Drinking fruit extracted 63.3
Yoghurt 39.5
Chicken essence 24.9
Milk products 46.3
Instant drinking powder 27.1
Breakfast cereal 19.8
Cereals drinks 38.4
Bird nest 15.3
Brown rice / germinated brown rice 22.6
Vitamin/fiber fortified fruit juice 29.4
Drinking collagen 2.8

Whole wheat bread 27.7

Others 0




Table 36. (continued)

95

Question

% Consumer frequency

What is the reason of consuming functional food ?*
Preventing disease / For health
Treating the disease
Beauty
Anti-aging
Good taste

Others

What is an important factor of functional food purchasing?
Advertising media
Friend suggestion
Family influence
Book/ academic information
Good taste/ interesting products
Feel good for health
Promotion
Internet

Other

How often do you drink fruit/ vegetable juice ?
Every day
4-6 times/week
1-3 times/week
1-3 times/month

Less than once a month

75.1
37.9
39.0
16.9
28.2
0.6

73.4
36.2
27.7
333
39.5
57.1
11.9
10.2
0.6

15.0
18.4
46.4
15.0
53
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Table 36. (continous)

Question % Consumer frequency

What is your favorite fruit/ vegetable juice ?

Orange 65.2
Grape 37.7
Berry 35.7
Apple 32.9
Lime 25.6
Carrot 25.6

Have you ever drunk any drinks added with collagen/ gelatin hydrolysate ?
Yes 55.1
No 44.9

Note * The consumer frequency was calculated by comparison of the number of consumers choosing each

choice and the number of consumers who interested to buy functional food. (177 respondants).
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Table 37. Acceptance score of gelatin hydrolysate supplement blend fruit juice

Characteristic Score*
Apperance 6.91+1.17
Odour 7.15£1.30
Viscosity 7.04+1.23
Taste 7.44+1.27
Overall 7.45+1.17

Note * Mean + SD from 200 respondants.

Table 38. Frequency of consumer purchase intent of gelatin hydrolysate supplement blend fruit

juice

Consumer frequency (%)

Purchase intention

Before* After*
Definitely would buy (5) 35.7 54.1
Maybe buy (4) 48.3 33.3
Maybe/ Maybe not buy (3) 12.6 8.2
Maybe not buy (2) 1.4 2.9
Definitely would not buy (1) 1.9 1.4

* Before and after consumers had been informed about product health benefit.
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MANUIN U MIIATIZHEMAUAT

V1. MIIATHNUTINUANUTY (AOAC, 2002)
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V2. ﬂ1§3!ﬂ§1$ﬁ°r‘i11]%3ﬂm!€]l1 (AOAC, 2000)
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¥3. MmadmnzHmfEanalilsfu (AOAC, 2000)
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4. MmaannzrinfEanaluiy (AOAC, 2000)
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¥5. In5zHifSnansa (AOAC, 1999)
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V6. ﬂ1§ﬂﬁ’J‘ilﬁ’@‘]Jﬂ’J131@’13115@11!7115&11!91@%@3@’53 DPPH (Wu et al., 2003)

asndl
1. ?135a2a18 1,1-diphenyl-2-picrylhydrazyl (DPPH) #u41 0.15 Jaa lua1s lueniuea
$ouaz 95
2. ®@15a¢01¥ 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic ~ acid  (Trolox) Tu

J
mmuean Uy 1000 Tulas Tuas

1. Aaua10819151195 1.5 Jaaansnuaisazale DPPH 1351195 1.5 Yaaans

Y] { { a <
2. wanlmdnnuandined 3 lunianeunaiouilumal 30 w1

~ % 9 o < o '
3. wsenuuadn laelsminauunuaieds
{ P
4. esounsuiasgulaeldarsazats Trolox Naududu 10 — 60 lulasluans
4 o
(esounnasazaretudy 1000 TulasTuars Tasiiwudoaedlswmuoa)

5. edlidammsganauneaai 517 nTuwesuaznFoufsuanmsganauuasi

1arunsvlunasgiu

Table 39. Preparation of standard Trolox solution for DPPH radical scavenging activity

determination
Trolox Concentration (uM) 1000 uM Trolox (ul) Distilled water (ul)
0 0 5000
10 50 4950
20 100 4900
40 200 4800

60 300 4700
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y =0.011x + 0.0055
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Figure 13 Standard curve for DPPH radical scavenging activity determination
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7. ﬂ1ﬁﬂﬁ’J‘i]ﬁ@‘]Jﬂ’J1Nﬁ1N1§ﬂiuﬂ1§ﬁ1H®H§ﬁaﬁ§$ ABTS (Binsan et al., 2008)
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Table 40. Preparation of standard Trolox solution for ABTS radical scavenging activity

determination
Trolox Concentration (uM) 1000 uM Trolox (ul) Distilled water (ul)
0 0 5000
50 250 4750
100 500 4500
200 1000 4000
300 1500 3500
400 2000 3000
500 2500 2500
600 3000 2000
0.90
0.80
0.70
0.60 y =0.0013x - 0.0063
2
8 0.50 R*=0.998
0.40
0.30
0.20
0.10
0.00
0 100 200 300 400 500 600 700

Trolox Concentration (uM)

Figure 14 Standard curve for ABTS radical scavenging activity determination
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V8. N15ATIVADU ferric reducing antioxidant power (FRAP) (Wu et al., 2003)
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a1y
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IHN1I
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Idnunsmmasgiu

Table 41. Preparation of standard Trolox solution for ferric reducing antioxidant power

determination
Trolox Concentration (uM) 1000 uM Trolox (ul) Distilled water (ul)
0 0 5000
10 50 4950
20 100 4900
40 200 4800
60 300 4700

80 400 4600
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o y = 0.0025x - 0.0025
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Figure 15 Standard curve for ferric reducing antioxidant power determination
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¥9. MsAsIvEaUANNMIITelumsdvlan: (Metal chelating activity) (Boyer and

McCleary, 1987)

=
a1y
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9y 9 a A 4
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. Yy 9 a A 4
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Ianunsmmasgiu

Table 42. Preparation of standard EDTA solution for Metal chelating activity determination

EDTA Concentration

1000 mg/ml EDTA (ul) Distilled water (ul)
(mg/ml)
0 0 5000
10 50 4950
30 150 4850
50 250 4750

80 400 4600
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Figure 16 Standard curve for Metal chelating activity determination
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¥10. Ins1zrSanadisaulaa3Islugisn (Robison and Hodgen, 1940)
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a1y

1.

as
IHN1I

1502210 1U3AUNIATTIU Bovine Serum Albumin (BSA) 1udu 10 Haansuse
Nananas
o J o o = = o
asazare lugisn: denetnleidamla 1.5 niu TmReuTnunaGoununia 6 nsu
H & A aa a = J Y Y 9
azatwluingu 500 Haaans @uasazatelnfen leasen ladiuduiosas 10

vy 3

Aa aa [ <3 Aa aa <
131195 300 aaaas wvazniw Usulsuiesdlu 1000 Jagansaleninay

Qaf19d19a1Tazae (Msazatealaunanaldvinde 33, a1sazarenalau
laTlaslaanaind® 3.6.1 uag 3.6.2, Msazarswaraursewaiau lalas laandudy
v 1 a 1

Fowaz 2 (hminAlSuag) 1ndle1an) Ysuas 500 lulasaasldluvasanaass

A A aa Y Y o Y . <L Y

wudisazang lugsn 2 Hadans wanliid1nua29 vortex mixer 119919 139
a 9 I =

gungivioaiunal 30 1N

hared1eldannsgandunasianueinau 540 wluwas Ansganau

uaen 18 ldnSeuieununsivuinsgiu BSA

Table 43. Preparation of standard BSA solution for Biuret’s method

Effective BSA Concentration

10 mg/ml BSA (pul) Distilled water (ul)
(mg/ml)
0 0 500
2 100 400
4 200 300
6 300 200
8 400 100

10 500 0




0.60
0.50
0.40

§ 030
0.20
0.10

0.00
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y = 0.048x + 0.003
R?=0.9998

0 2 4 6 8 10 12

BSA concentration (mg/ml)

Figure 17 Standard curve for Biuret method
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v11. Innzridiinallansendinsdu (Bergman and Loxley, 1963)
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5. asavanlansond InsauuIAs§IU 400 ppm
Aaxn
ABMS
MIATEUAIDE1
1. %910819 1 n5y laluviaeanaasarinaen
A A Y 9 P o ' H o
2. @uansazanensalalasnassnvudy 6 uasuialusasiaiu 1:10 Ghniinalsuag)
o { . I o
3. U Tianudeun 110 ssesadealy oil bath Hunan 24 92 Tua
o w 1 Y] o o ] 4
4. MIATAWEIIUNNTUALAZNIDIWIUNIZATHNITDAULDS 4
[ <3 a
5. JSuney ity 6.0-6.5 drea1sazarenialalasnasinuazaisazare lafen-
A Y Y 4
Taason laananududy 10 uaz 1 Tuas
@ 3 Aa aa %’ <
6. USuSuaailu 50 Tadansalerng
a 4
MINATIZH
1. 19813150103 0.1 Jaaans laluvasanaaouaziayle To Inswiuialsuias 0.2
Aa Aaa Y 9 o
Haaans waylwnnu
a . . a aa Y 9 o
2. 1@ oxidant solution Y1105 1 Naaans way Ny
3. 1@ Ehrlich’s reagent solution Y511a5 1.3 Hadaas wavlimdinu
o w [} Y Y d' a = I~ = 1
4. haredelIdanudoungungil 60 ssrmuaamea 1lunar 25 wiilusenivgw
guUngl
o @ 1 1 < 9 ?,‘ [ < =1
5. 1hdedanvassu Tag i Ivarwdlunal 2-3 w1
1 I a Aaa
6. evnaunauliiiiu 5 daasaasalele TsInswiuna
7. hdredielUdammsganauudsinnuenaau 558 w1 luwas
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8. hmmsganauuden Id lldunaSeuieununsmlinasgiu

Table 44. Preparation of standard Hydroxyproline solution

Effective Hydroxyproline

400 ppm Hydroxyproline (ul) Distilled water (ul)
Concentration (mg/ml)
0 0 100
10 2.5 97.5
20 5.0 95.0
30 7.5 92.5
40 10.0 90.0
50 12.5 87.5
60 15.0 85.0

0.90
0.80
0.70
0.60

4 0.50

© 0.40
0.30
0.20
0.10
0.00

Figure 18 Standard curve for hydroxyproline content determination

y = 0.0125x + 0.037
R2 = 0.9992

0 10

20 30

50 60 70

Hydroxyproline concentration (mg/ml)
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w12. eJ!ﬂﬁzﬁizﬁ"]JﬂﬁEiﬂﬂﬁmﬂ (Degree of Hydrolysis) (Benjakul and Morrissey, 1997)

=S
a1y

1.

#159221001M55 1 L-leucine 1t 30 Had lua

2. asazanensalalasnassniudy 40 Uad luanelanans
Y] I'4 4
3. eawlmiivlwlos anududu 0.2125 Tuans, pH 8.2
4. @1592019 2.4,6-trinitrobenzenesulfonic acid solution (TNBS) wutudesaz 0.01
[ 4 4
5. asazane TwReusa lid wudu 0.1 Tuais
ad
M3
a Y] 4 4 Aa aa
1. @uneawlativiles 0.2125 Tuars, fitey 8.2 USu1as 2 Naaaasuazaisazale TNBS
Wudusesaz 001 1Suas 1 Naaansasluvasanaasinidiedalsung 125
luTasdnsey
o w 1 1 1 aa = A d =
2. e lhinlusmugugungiin 50 eswaided luidailuna 30 ui
aana a [} 4 4 =Y
3. wgmlgnsendremsianaisazate Imdeuda lididudu 01 Tuard Usuias 2
Uaaans
{ a 3
4. naBnguugieailunar 15 i
o w ' v 1 A d‘ d‘
5. hdaede lidasimsganauudsinnuenau 420 w1 Tuwas
o 1 { o [ o I U
6. hmmsganauuded 18 ldduanfSeuifieununsuasgiunazsiuaanilua
FEAUNITEREANY
MINUIN
DH = [(L-L,) / (L, -Ly)] x 100
A A ° ] . g @ oA I
e L, Ao TUIUNY O-amino Navinaludledaigeailunal t
k) v
L, flo UMY O-amino NIMNATUAIDEIIIIALGUAY
9 9 v
o fle Twauny O-amino  NavualudledismarAuGuduiIuNsdos Tao

S 9 ' a Yy 9 2 A
ﬁuﬂuﬁﬂll!aﬂ (ﬂ@ﬂaluﬁ'lﬁﬁza']ﬂﬂﬁﬂhlaiﬂiﬂaaﬁﬂmluﬂlu 6 UoINIA N

a = 3 o
UNHYY 110 DIMHALTYH wWunai 24 ‘B'JI?J\‘I)



Table 45. Preparation of standard L-leucine solution
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Effective L-leucine

30 mmol L-leucine (ml) 40 mmol HCI (ml)
Concentration (mmol/ml)
0 0 1
2.5 0.083 0.917
5.0 0.167 0.833
7.5 0.250 0.750
10.0 0.333 0.667
13.0 0.433 0.567
15.0 0.500 0.500

0.90
0.80
0.70
0.60

A 0.50

© 0.40
0.30
0.20
0.10
0.00

y = 0.6798x + 0.0355
R2 = 0.9989

0.00

0.20

0.40 0.60 0.80 1.00
log L-leucine concentration (mmol/ml)

Figure 19 Standard curve for Degree of Hydrolysis determination

1.20

1.40
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v13. msasvaaujUnunldsiv Jagld3s Sodium dodecyl sulfate-polyacrylamide gel

electrophoresis (SDS-PAGE) (Laemmli, 1970)

gunsal

gasianTas WEFauuniiina

=S
a1y

1. Acrylamide/bis-acrylamide: @288 Acrylamide 29.2 NTULLAY bis-acrylamide 0.8 nsulu

]
= a

?,‘ o [ =y I Y A Aaa 1< = ~
wnan U5u1Snas1d1d 100 Taddas muluvednigungil 4 esruvados
1% 18152088 1 RounaINIses ol

2. msazatenia-lalasaas lsaiiviveddudu 1.5 Tuard #itew 8.8

I

3. msazanenia-lalasaaelsatiiesvudu 0.5 Tuas oy 6.8

=

a ] <
4. myazae @y TamFasamamududosas 10 (hUNYUW

a 9y
IUNHUYDI)
a o < { a
5. asazaneImRen Tamsagamladuduiosas 5 (nungungines)

6. Sample buffer (non-reducing buffer) Usznouaie :

n3a-lalasnae'’lsd 0.1514 Asuy
NGIERERD 2.5 Haaans
Tasiaeu Tamdagama 0.25 nsu
TusTulueavg 0.25 N3y

¥ Y 1 o A aa
azaeluingu Ysumiies1ild 6.8 udnlsudsianilu 25 Tadans

7. Electrode buffer 132nouae -

nia-lelasnanlsa 3.0 N5
Tnamu 14.4 A5
Taaen Tangagama 1.0 n5u

vnazalhndundlsinBunasidu 1 aas
8. Catalyst /5znounie :
asazanguen Tullsunlessamlaududosay 10 (a5eunonld)
TEMED (N,N,N,N-tetramethyl ethylenediamine)

9. TusAumasgu 1dun aeaauau type I 11AntiaTa
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11.

12.

13.

ad
IBNT
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FéouT13Au Coomassie Billiant Blue R-250

Staining solution: 8& 018 Coomassie Billiant Blue R-250 ‘IETH“IEﬂ 0.04 nFulumnuea
100 fladans ANIUATAIENUANAIAY Glacial acetic acid 15 JaaansLaZIINGY 85
laaans

Destaining solution 1: HHUUNIUDA 200 UAAAAT NTADLTAN 30 faadasuazingu
170 Uadans

Destaining solution 2: NANINNIUBA 50 UAAANT NIADLTAN 75 faaansuazingy

875 Haaans

MIATONAIDY

o w ]

hdregraaaunsenaraulalas laranuiazarsluaisazare Tafoy-

Tadasaadududosas 5 au'ldasazareniysualdsdudlszuna 12 Tulasnsuse

a A A < = o 1t Ay v (Y
vllliﬂiﬁ@li HIYILINNAIINLGD 5,500g UIU 15 UIN mmu“law"lmmamu sample buffer

Tusasiaiu 1:1 (darsazarentiSuaTdsaulszua 5 lulasnsude lulnsaas) Au

3 A A o qYa < Yt a ~
mﬁazmzﬂummaﬂum 3UMN m“lmauuazmu"lmqmw@,u =20 DA ALY

2.

MIIAT Y running gel (5% gel) (@m5uea 2 LLW"L!)

30% Acrylamide/0.8% bis-arylamide 1.665 Hanans

1.5 M Tris-HCl buffer pH 8.8 2.500 Hanans

hna 5.6785 laaans

10% SDS 100 1ulnsans

10% Ammonium persulfate 50 lulnsans
weh vy

TEMED 5 lulnsans

weldiinuudigaldlunszandmiuesouununa  uHuag 3.5 Haaans
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3. M3 stacking gel (4% gel) (F115VA 2 LK)

30% Acrylamide/0.8% bis-arylamide 0.665 Hanans
0.5 M Tris-HCI buffer pH 6.8 1.250 Hanans
Winau 3.000 Hanans
10% SDS 50 lulasans
10% Ammonium persulfate 25 lulnsans
1 Y Y o
wen lnnu
TEMED 3 lulnsans

' Y 9 o Y 1 o [ A ] I
Lﬂlﬂ11ﬁ!ﬂ11ﬂulLﬂ3ﬂﬂ1ﬁ1uﬂ5$ﬂﬂﬁTWiULﬁiﬂNl!WH!ﬁ]ﬂﬁ]umN

4. mauenlilstulaewasidalas TG
UszneuganasidnlasTilida 91miufy electrode buffer 1Hifn chamber A1y
udr Traaded g onninde 1 15105 5 Tulasans AoUIAY electrode buffer 17HAN
chamber duuon  AyAdiAn Ins IW3FatAy power supplier (Wanszua’lui 30 mA

(@ m5uea 2 uWw) sevudveslus Tuilueavgmaounaswivunougallalenszanisvige

Tinszualviih

5. msteudTldsauluna
o Y =) ' .. . o ¥ o ! ..
Huvaudond laouslu staining solution WU 3 FTue 10U UH Y11 destaining

Y
solution T #1115 W1 1dnhwuasne B3 wanly destaining solution 11
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v14. annlumsimnegvriauezBinamesnnlsznouiiszmeldlaaFinses GOMS
SinsrzdyiianazSuavesarsiszime1dlunaraunionalay
lalaslaanlude 3.8 Aremaiia headspace-solid phase microextraction for gas
chromatography-mass spectrometry (HS-SPME-GC-MS) TasfUf1061991N¥09919M 1D
asasmomaunionaidulalasladm (headspace) figainighi 40 osrusaiFoa dau
SPME holder Taa 1% lWiuessiia Divinylbenzene/Carboxen/Polydimethylsiloxane
(DVB/CAR/PDMS) mmmﬁ'uw'mgmffﬂmq 50/30 um (SPME inlet liner 0.75 mm i.d., Supelco,
Bellefonte, PA, USA)  IagtAlf1081905na509aMiloansazaisuiu 5 w1 MR
111 SPME holder 11/A0n1J injection port 484 GC-MS TaginuagugiuedIu inlaction port
i 250 serwaided nazldnarlunmsilandesdisdrediauiu 5 wiineuEuiing
Ans1zd  Taoldinseaiu Agilent 6890 Plus GC/HP 5973 MSD s ivunan1iznsing gy

aauaaalumsieh 45

Table 46. GC/MS condition for flavor analysis

Condition Column type: HP-Innowax
Length of column (m) 30
Diameter of column (mm) 0.25
Film thickness (um) 0.25
Type carrier gas Helium
Rate of carrier gas (ml/min) 1.0
Injection volume (ul) 1.0
Mode of operation splitless
Injection temperature (°C) 250
Oven temperature ("C) 40°C —» 230°C, 10°C/min

Hold at 230 °C for 3 min

Interface temperature ("C) 270
Mass range (amu) 20 - 450
Tonization energy (eV) 70

Scan Rate (scans/sec) 1.43
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MANUIN A NINATDUMIMEMNAS TNTATINTN

Al. MINAgoUAMANLIAVDAINAUIIA (Fernandez-Diaz et al., 2001)

MIAINIDA
~ A A Yy Y v v A v
M3 NAITATARAAUNANUVYIUT DAL 6.67 USUNewvoIAITAazae N
I Y = s 9 9 4
Gy 3, 5, 7 uaz 9 areasazarelw@enlaasonled (udu 6 wosuIauazasazalsnsa

a =

a Yy 9 4 o oA 3 &
"lajﬂiﬂa@iﬂ UUUIU 6 UBDTUIA m"lﬂumnqﬂmﬂu 4 parusased 1Hunan 16-18 ‘]f')TlN

Y
Aoui I szl
Al.1 ANUYUUDIEITAZ A0 AU
° a 1A 1 A Y A Y Y 9 [ 1 1
Wasazatenatauaiesas q 1ldmien3a19dulddaninugu
(Turbidity) NANNE1INAY 360 W1TUINAT AI8IATOY double-beam spectrophotometer (UV-

H ) 1 1
16001, SHIMADZU, N.S.W., Australia) N11013NA093 5 TN T VAN AZATNIDY

A1.2 MAVDUIAIAUIA
o a d' = FIE Y [ " a9 d'
wavesamauiwson 1 3eduliaaad1e1a509 Hunter lab colour metre

(ColorFlex, HunterLab, Reston, USA)

< a
1.3 ANWUYLTIVDAUIANULAA (Bloom strength)

a

o A A o ' Y Y (g ' IS
mmamamamummammzw”lmnn"hwmammqmvmu 8-9 83

u

I aLF e ﬂ'auﬁﬂﬂ”Tﬂ@hmmmﬁqmwamaﬁ”mmém TA-XT2i Texture analyzer (Stable
Micro System, Surrey, UK) Taskasanz lumsia dail

- Load cell ¥U19 5 kN

- Cross head speed 1 mm/s

- 141279 flat-faced cylindrical Teflon” plunger viadu N'”I‘L!f[u §na1e 1.27

EEUALNAT

~ $am Maximum force (lumiioniu) deiarinnaas i luma 4 dadwas

- ¥hmsneans s sdmsusotaudaz ey

- YUIAYDINARIPEINTINTTURAIdUAIUAUINA1 3.8 IUAAT ANLGY

2.7 IEUAINAT
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2. ANuEnselumsazals (Montero et al., 1991)

=S
a1y

1.
2.

as
IHN1I

4 4
msazaneT@ey laason laa Wty 6 uoiuia

a 9 9 ¢
’c’fﬁa%ﬁWﬂﬂﬁﬂllé’lIﬂiﬂaﬂﬁﬂ WUUYU 6 UBTUD

IS a

gy
azmmﬂamuﬁ%mmﬁu"laTm"lmaﬂﬁ’wmﬂauﬁmmﬁﬂu 60 OIANBAIF

Q U

9
o v

4 { I =
wold ldasazarenianududuganeailudesas 2 (hminalinaes) nudae
1A399NIY (magnatic stirrer) NYUNYNROIIURIDE DAY

o o 1 a a aa v A I 9
Masazaigiiodndsuins 8 daaans wlSudiemiu 1-10  drea1sazare

4 a

Twidey laason loauazasazarenialalasnaosn

[ 1 @ ] I a aa
Usulsuasveaunazalouily 10 Yaaans

o w 1 A 9 = ~ a gy I =1
o9 lUvyumlsadions anles 8500 xg Ngungiidouilunar 10 wii

G

asrvaevlsua Tusauluasazarediuladie Biuret method
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a3. anuansalumsinaliuazanunIfIve Wy (Shahidi, 1995)

Aaxn
BN
~ =~ A a A Yy 9 Y
1. wisuasazargwardursonainu lalas lamnnanududu Sesaz 0.1, 0.5, 1 1ay
3 (ndnAlsuag)
2. g l5uag 20 Tadaaslunszuenaiuing 50 daaans 1Ula1u3 luddae
1930978709 103 (model T25 basic, ULTRA TURRAX", IKA LABORTECNIK,
Selangor, Malaysia) 1213159 11,000 rpm 141321 1 W17

Y ] 9/::' a 9y 1 a d' = [
3. 31\‘]@1’3@81\‘]1’31’1@ﬂ!ﬁ§hﬁ@\‘]L!a$ﬂ1uﬂih1@liﬂl’lﬁ1 0, 30 wuag 60 UINKHAINIT

Ta 07 lue

MIAIUIN

anuanniolumana Ty Geoaz) = (v, /v,)x100
anuasves vy Govaz) = (V,/v,)x100

v, #e sinaudelalud lud o wii

Ao 1Suasndalaludludg 30 w30 60 U1

=) (J ] 2 Y
Ao U5u1a5U09AI198 195 NAY
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av A d Y] av o
4. mm’mmm‘luﬂmﬂumﬁemm"lwmasuazmmmmmmam‘m (Pearce and Kinsella,

1978)

=
a1y
%’ v o =
1. UUUDIAUNADY

2. @15a¥a18 Sodium dodecyl sulfate (SDS) N3 08AL 0.1

1. eseuasazaonaauienananlelas laeniinnududu Zevaz 0.1, 0.5, 1 uag
3 GhminaRneg)

2. wawensazaednd1913uas 30 daaansturusunaeiines 10 Jaaans

3. thaunanllTelud luddronsoalalys lumes (model T25 basic, ULTRA

TURRAX®, IKA LABORTECNIK, Selangor, Malaysia) ﬁmmﬁ’; 20,000 rpm L"ﬂunm

a A

1i Ngungires

< o 1 a 9 A =\ [ = 4
4. 109619 50 TuTAsansnnduMsUZNIaT 0 tag 10 WNaans 1a Tud lud
5. 39919679819 100 (MFI8a15aL A8 SDS

6. hliammsgandunasianueninau 500 wrTuwas hmnla lddua

MIAIUIN
2X2.203XA
<3 awv a o 500
anwawnsalumsiluasonad vioos (m’/g) =————
0.25XP
ANuAIAIveIBNaTY (Fosaz) = (A, xA/A A
& A ' A =
10 Ay, A9 AIMsganauuadi 500 w1 lumas
A 1 A = o 1 oad A
A, Ao AIMsganauuaIi 500 w1 IuNAIVeIRI9E 1IN U 0
A J A = o " oAag aa
A, D AINIPANAULEEN 500 W THINATYDIAIDEI AL TN 10
A =S
At A 10WN
A
AA  fD AfA,
A Yy 9 a
P A0 ANUINTUVDIANTALANIAIAY
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MARNUIN 3 MInaaaumelszanania

G % \ Y = v A‘
q1. ﬂ1ﬁmiimﬂ’JE)EI1Q?»lWliﬁ1Hm%ﬂuﬂ1§ﬁlﬂ§lﬂ§ﬂﬂﬁ@ﬂﬂ1ﬁﬂ3~lﬂﬁ1’!

1. wseuaredanasgulumsidndumsaunaunnnlagiiaidu (aarauianaan

S @ A

wiltdaamnuiugmivini ldiumsdieiagay  vazananguvgi 120 oamn
= & = 2 3 Sa Y 9 Y
el umal 30 wN) vuessiluasazareniaNuINTUIBLaL 0, 1, 5, 10, 20,
3 g 2 Y ? Aa a =~
30, 40 waz 50 (WMInATue9) TasazarealrerNugangil 80 earusaIFed AL
IUAIBENAZABHNA

2. vssydmeguaazauENTuasluvIaduInaz 3 Hadans

as o Y =< v a
2. ’Jﬁﬂ15!!ﬁ$ﬂ'Ji’)ﬂ1QN1ﬂ5§1‘Hm“ﬂuﬂ15§lﬂﬁluﬁ'ﬂﬂﬁf’)ﬂﬂ15ﬂ3~lﬂﬁu

a @ 4 9 axn A o A o A
1. o3u1ednglszasd unumvesdnadey Ismsminnlglumsnaaen e
?,‘, a A 1 a a d' a 9y
pazduasuMIUsziunaua q vewvaAutazarau lalas larannozsziinleg
9 o 9 Y o
Anageunsutaziinulaliasanuy
2. Andulddmadoviinnudung Tagldaredramnasgiunmsonlunanuan a1
3. Iddmameuiivdasindulunmsiimuadinavesdledauiasgiu s szavacluy
{ A o d
HULMAFDUAITAITUMANUINT 1. HASNAFDUNITANNAUAIDGI U INTFIUE
¥ A4 quy a o a E o
nae q asue Ingnadeulanuuuud lumsisziiunniy - azuuuuazdI9g1e
A 9 a 1 [ ~
wasg i lannuanguaaasluaiiied 46
a ' o 9 =< ' ¥ (3 1
4. sziiiuanuuiudivesgnadenlunisdndundazasalagminageuaudiedi
7130201990101 2 5TAUANUANTY (blind test)
= 1 o 9 1 =} d‘ 1 1 Q/
5. Andunaznadounnuuiudnudnadevuaazauiinzuuumae lunanaiany
' { o I
(p>0.05) Wseliaudouuumasgiudr uazdivud Idulumsiazuuwiulyllu
AnaReIny w3 lull interaction SENINANATOUAUAIDEIY (p>0.05) DINNT
a J
nTzrinNuulslsu
v
6. lumsnadeunndszamdudduosnarauuaznaiaulelas laanuaazaiag

== Y =) T A A A [ @ [] Y g’z 1 Y % [] a
Pjﬂﬁjulﬂjﬂﬂﬁ’ﬂﬂﬂuhWﬁu%%@ﬂﬂﬁﬂﬁ@ﬂu@mﬂu@ﬂ 2 A5INOU I ANATOUAIDYIN



Table 47. Fishy odour score of standard gelatin
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Gelatin concentration (%) Score (cm)
0 0
5 4.25
20 7.5
40 12.2
50 15
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a d a d A (Y] Y :’
MANUIN B NANITAUAIIEH ANOVA %1ﬂﬂ1‘§3!ﬂ§1$ﬁ€]jjﬂiﬂ‘§!!ﬂﬁw Design Expert !‘WE)T‘HEWIi]i’h‘Ir!ﬁ!ﬁN]ZﬁNﬁSﬂi]QH]ﬁN!!@ZH]

dat
SIREN]

Table 48 ANOVA for Mixture Linear Model (Appearance)

p-value
Response Source Sum of Squares df Mean Square F Value
Prob>F
Appearance Model 1.606E-003 1 1.606E-003 0.040 0.8476 not significant
Linear Mixture 1.606E-003 1 1.606E-003 0.040 0.8476
Residual 0.24 6 0.040
Lack of Fit 0.072 3 0.024 0.43 0.7487 not significant
Pure Error 0.17 3 0.056
Cor Total 0.17 3
R’ =0.0067

[4Y!



Table 49 ANOVA for Mixture Quadratic Model (Colour)

p-value
Response Source Sum of Squares df Mean Square F Value
Prob>F
Colour Model 0.27 2 0.13 2.38 0.1874 not significant
Linear Mixture 0.022 1 0.022 0.39 0.5582
AB 0.25 1 0.25 4.38 0.0907
Residual 0.28 5 0.056
Lack of Fit 0.061 2 0.030 0.41 0.6939 not significant
Pure Error 0.22 3 0.073
Cor Total 0.55 7

A : Orange, B : Berry ; R’ = 0.4882

€Sl



Table 50 ANOVA for Mixture Linear Model (Flavour)

p-value
Response Source Sum of Squares df Mean Square F Value
Prob>F
Flavour Model 0.066 1 0.066 2.55 0.1612 not significant
Linear Mixture 0.066 1 0.066 2.55 0.1612
Residual 0.16 6 0.026
Lack of Fit 9.694E-003 3 3.231E-003 0.067 0.9740 not significant
Pure Error 0.15 3 0.048
Cor Total 0.22 7
R’ =0.2985

12!



Table 51 ANOVA for Mixture Linear Model (Viscosity)

p-value
Response Source Sum of Squares Mean Square F Value
Prob>F
Viscosity Model 0.064 0.064 4.46 0.0792 not significant
Linear Mixture 0.064 0.064 4.46 0.0792
Residual 0.086 0.014
Lack of Fit 0.038 0.013 0.81 0.5661 not significant
Pure Error 0.047 0.016
Cor Total 0.15

R’ =0.4263

¢Sl



Table 52 ANOVA for Mixture Cubic Model (Taste)

p-value
Response Source Sum of Squares df Mean Square F Value
Prob>F
Taste Model 0.21 0.071 1.30 0.3908 not significant
Linear Mixture 3.556E-004 3.556E-004 6.531E-003 0.9395
AB 0.015 0.015 0.27 0.6306
AB(A-B) 0.20 0.20 3.61 0.1302
Residual 0.22 0.054
Lack of Fit 0.017 0.017 0.26 0.6457 not significant
Pure Error 0.20 0.067
Cor Total 0.43

A : Orange, B : Berry ; R”=0.4928

9¢1



Table 53 ANOVA for Mixture Linear Model (Overall)

p-value
Response Source Sum of Squares df Mean Square F Value
Prob>F
Overall Model 0.017 0.017 1.83 0.2251 not significant
Linear Mixture 0.017 0.017 1.83 0.2251
Residual 0.057 9.530E-003
Lack of Fit 3.278E-003 1.093E-003 0.061 0.9771 not significant
Pure Error 0.054 0.018
Cor Total 0.075

R’ =0.2335

LST
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MANHIN N ﬁ?@ﬁiN!!‘U‘UTIﬂETE)‘U‘VHQﬂi%ﬁ]ﬂ&%ﬁﬁ!!ﬁ%!mﬂﬁ’]‘i?%

a1. edranuunaaeulumsindudnageuannauna
HYRUIUUNATOY ... ... ... ..

tyunaaay

o (Y a a a U v v
msilndudnageudmSunaunnlunarfueadulalaslaannnnifadammanuiugrianin

v

92. AINWVUNATIUNAUAIIVDAIANAU
HURUULUNATOY .. .........

Huunaaol

Q' a a v o d Y
pauanlwadwmadulalaslaenannifadamvnuiugniianin

[ v v

v
Hoy N

NAUAT
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23. Methanuunageunavvauaanlalaslaan
HUYAVUUUNATOY . ... . ......

uyunaaay

a L= d a s v ¢ v
nau"luweﬂ53mﬂsumﬁmmuiaim"laatmmn‘ﬁmﬂmmmmwuﬁqﬁmﬁm

[ v v

nau luialszaen
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24. Mehanuunageumalszamdudalagl¥anasianureuvesiiwals
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