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ABSTRACT

Tracheas of chicken, duck and ostrich are wastes from poultry processing
industry. To evaluate potential of these wastes to be used as a source of chondroitin sulfate
(CS) and collagen, their proximate composition, cartilage proportion, CS and hydroxyproline
(HyP) were analyzed. Percentage of cartilage in studied materials ranged from 49.20 to 73.05.
Total proteins and HyP contents were 66.19-84.38% and 4.04-7.49% (dry basis), respectively.
The peptide patterns observed by SDS-PAGE indicated that pepsin-solubilized collagen from
all samples comprised of type I and type II with different proportion. The CS of all samples
content determined by HPLC was found to be 0.574-6.357% (dry basis) with chondroitin-4-
sulfate (CS-4) as the majority. All sample had only trace amount of di-sulfated CS. The CS-
4/CS-6 ratio of all CS sample was 1.7-5.5 indicating a characteristic of CS from land animal.
Ostrich trachea possessed the highest content of CS and collagen followed by duck trachea and
larynx. As duck trachea is more available than that of ostrich, it was chosen as a raw material for
furthure study.

To obtain only cartilage part of duck trachea, the effect of alkaline (0.05-0.1 M
NaOH at 4°C and RT for 1-6 hours), enzyme (0.1-0.5% Alcalase for 1-6 hours) and heat (boiling
for 1-120 min) treatments on protein removal, loss of HyP and CS along with CS type and the
peptide structure of the remaining collagen were investigated. The results showed that the protein
removal, especially type I collagen, was highest by boiling in water. Alkaline treatment caused
up to 50% loss of CS when only 11% loss was observed after 120 min boiling. The CS-4 content
of alkali-treated trachea decreased causing its CS-4/CS-6 ratio to be lower to 0.75-0.94 (less than
one). SDS-PAGE showed degradation of collagen in heat-treated trachea cartilage while most

of collagen type Il remained its integrity after enzyme treatment.
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The CS extraction from cartilage obtained from enzyme and heat treatment were
studied by 0.0625-1.0% papain hydrolysis for 1-10 hours. Extracting yield of protein, CS and
HyP were mornitored. Slightly higher yield of CS and HyP was obtained from hydrolysis of
heat-prepared cartilage than those from enzyme-prepared cartilage. Using 0.25% papain gave the
highest hydrolysis efficacy when compared to other studied concentration levels. Up to 80% of
CS was extracted by 0.25% papain hydrolysis for 10 hours. The electrophoretic result indicated
that molecurlar size of CS from duck trachea after 0.0625-0.25% papain hydrolysis for 1-10 hours
were quite similar (15-40 KDa). Protein hydrolysate from 0.25% papain digestion contained
mostly peptide of 24 KDa and small amount of those at 14 and 6.5 KDa.

Yeild, major chemical composition and solubility of the freeze-dried hydrolysate
digested from heat —prepared cartilage were evaluated. The total of 33% and 46% (dry basis) of
freeze-dried products were obtained from 1 and 10 hours hydrolysis, respectively. The major
composition of the products was protein (70.2-75.0% dry basis), mostly collagen hydrolysate as
indicated by HyP content. The CS content was 9.7-10.6% which is more than twice increased
from the raw material (4.2%). The solubility of hydrolysis products was in the range of 66.95%

which was highest at pH 2 and lowest at pH 4.

(6)



Y
Hin
BT e ©)
LIST OF TABLES .......ooiiiiiiiiie oo (11)
LIST OF FIGURES .......c.ooiuiiiieieeeee oo (12)
uni
1 UNI
o Y A
UNIIAUITON .o, 1
MITATIVUONTNT .ot 2
1. gaawnssuulsgudadtn 2
20 MADAAY ..ot 4
3. MTEANDDU oottt 5
4. TaseadruazyiavesnouasosAudala (Chondroitin sulfate) ........ 7
5. ADAAIDU .ottt 9
6. ADUATOIAUTAINALAZADAANIUNUMITUIINIBING 15ANTZANTD
DML oo 11
Y o
6.1 T3ANTEQNUDONITU ...t 11
62 MITABIOINT ITAVOONEL v 12
7. wiawazlSnavesnouasosaudamlalugaamnssy ... 14
7.1 smavesneuasesaudaalunszaneey ....................... 15
a A a [ a [ 4
72 Usunaazauianouasosaugama (CS) Tuwdadun ... 17
Aa Aa o P a [ A < J
8. MinaanaanuNNUAvUAToEAUTaanTonoaa1uealsznoy 20
k4
8.1 UVUADUMTIATONIANAL ..ot 20
k4
82 JuaoumIanaLennoaaIULazADUATBIAUS A ... 21
A
8.3 TUABUMTUALAZ/MTONMFG Looooviroiie e 27
%] 4
AQUTZER .o 28
@ L4 as
2 Jeagunsaiuazdsng
% 4
AAQUNTOL ..o 29

(®)



3

I.

2.

4.

M131a(A0)

a

a 4 o [} [ ] [
A379AT TR sTNO LA TAAIUNTEANBOUVRIINQAY .............
a 4 = 1 |
1.1 asnaeullsmasisilszaeumaniiveanasaanln, e uag
UNNTLIDON oo
o 1 1 1 I~
1.2 asndeudadiunszgneouvesrasaan In, e uaz
UNDTLIDOUN oo,
1.3 AATIEHFIAVDINDAAUIU
= an a Aa o P a [
anusuazanzlumsnaanandumnineunsesausanauay
I~ 4
ADAAMIUIUOIRUTENOU .o
o % 1 d’ d' 1 1 1 (%] =)
2.1 mssdadaulsznovdug i lilynszeneeunningavrasaauy
o o
AU D o
=Y [l [ a o o
22 Asmsdesananouasosausamalaeldenlmiuly ...
= 14 =\ va a o s A 9
Anuroenilszneumaninazauiinuosransamnwaald ...
sl o A A
31 e UANaNAAN L&
a 4 =\ a [ 4
3.2 U5119109RU5ZNOUMIUANUDIHAAN UM oo,
a @ I~ =1 ) Aa o 4 Y
3.3 YaveInouasosauTaaSsuNe U UHAAN UNNIAITAT ...
3.4 AT oo

a L4 aa
LRI 00 13 0 B 1 3 £ 1

a L4
A 1Y F I 0 P

1.

o Y] a

DAAUTENDUVOITARAL ...

a 4 = [ 1 1 1
1.1. Ysmmesdlszneumauniiuazdadiunszandouvesrasaayln

3 1 =l I

WA UANTLAOANA LALNADUTIUURA ooveeeeeeeeeeeeee,

a a a o 1 g
12 Usmaazyiiansuasesaudamaluvasaan 1n, dla,

[ = I
UNNTEVONNA LAZNADUTIUTIA oo

13 WUARDADAUDU oo,

32
32

32

32
32

33

33
34
35
35
35
35
35
36
37
37

37

40
43

©)



M131ay(A0)

v
A a

2. HavesdaaMzlumsnanninenouasesausaatazaoaananly

2.1 waveamstivaduilsznovaua i ilsnszgnoeuniningay

I
HADADNIRA) oo,
] Y] a @ [ I~

22 WamsdevdanaasosautalanInnszgnosurasaauila .........

a 4 =\ wvAa a o sy ¥
3. wanaa 9aRlsznounluaz A AUOIHAAS AN oo

a o =1 a Y] 4
3.1 WANAALAZDIATZROUMIUANUDINAANN ..o,
3.2 FUALAZUHIAVDINOUATOEAUTANA ...
3.3 AINTAZAWUDIHAADTUN oo,

9

4 UNATUUATVOITUOIUUE ..ot
BDNBITONIDN oo
DI oo
UTETARITOU e

44

44
59
68
68
70
71
73
75
82
99

(10)



Table

10.
11.
12.
13.

14.

15.

16.

17.

18.

LIST OF TABLES

Estimated quantity of trachea cartilage from chicken, duck, and ostrich raised in
Thailand (2008) . ...nneiee e e e e
Compositional properties of CS disaccharides ................ccoooiiiiiiiiiiiiiiin.,
Type and source of collagen ............oouiiiiiiii e
Cartilage content from shark, ray and crocodile ..................c.oooiii,
Percentage and type of chondroitin sulfate (CS) in cartilage from shark fin, ray
and crocodile by sulfate GAGS @SSAY .....ovviiriiniiiii i
Characteristics of CS in SCPs on the basis of CS content (%),ADi-4S/(ADi-6S
+ ADi-diSs) ANA SOUTCE .ottt e e e e e e e e
Characteristics of CS in finished products on the basis of CS content (%),ADi-
4S/(ADi—6S + ADi—diSs) ANA SOUTCE - e ettt e e e e e
Proximate composition of shark cartilage powder products (SCP) and finished
PIOAUCES (FP) ...vtiniii et e,
List of chemicals used in research experiments ............cccoeveiiiiiieiiinnennenn..
Instruments used 1N EXPEriMENTS .........eiuiiniiiiiit ittt ereeaaannn
Chemical composition of poultry tracheas ...............cccooeiiiiiiiiiiniiiiien.
Proportion of cartilage in poultry tracheas ...............ccooviiiiiiiiiiiiiiiiii.,

Chondroitin sulfate content in poultry tracheas .................ccooviiiiiiiiiiinnn

Comparison of protein removal, hydroxyproline (Hyp) and chondroitin sulfate
(CS) loss from duck trachea cartilage prepared by different methods ...............
ADi-OS, ADi-4S, ADi-6S contents and ADi-4S/ ADi-6S ratio of duck trachea
after alkali, enzyme and heat treatments ...............ccooeviiiiiiiiiiiiiiiiieene.
Weight yield of hydrolysis products from duck trachea ..............................
Comparison of major composition of duck trachea, cartilage and hydrolysis
006 L o]

Major mineral content of products hydrolyzed from duck trachea cartilage ........

Page

10

15

16

18

18

19
30
31
39
40
41

55

58
69

69

70

(1D



Figure

10.
11.

12.
13.
14.
15.

LIST OF FIGURES

Page
Trend in export quantity of frozen chicken meat during 1999-2008 ............... 2
Trend in export quantity of cooked chicken meat during 1999-2008 ............... 3
Cartilage ring of bird trachea ...............cooii i 5
Schematic representation of the molecular composition of articular cartilage .... 6
The main components of the cartilage ...............cooooiiiiiiiiiiiiiiiii . 6
Basic structure of disaccharide unit of chondroitin sulfate ........................... 7
Chemical structure of various disaccharide units of chondroitin sulfate ............ 8
Structure of tropocollagen ...........ovieiiiiii 9
Troprocollagen molecule in collagen fibril ...............cooooiiiiiiiiiiiiiin, 10
Characteristic of Knee cartilage, (a) Healthy knee (b) Osteooarthritic knee ...... 11
Agarose gel-electrophoresis: 300 ul of (a)water-soluble fraction in SCPs; (b)
water-soluble fraction in FPs. Lane a, Seikagaku CS (15 kDa); lane b, Seikagaku
CS (40 kDa); lane c, SCP A; lane d, SCP B; lane e, SCP C; lane f, SCP D; lane
g, SCP E; lane h, SCP F; lane i, SCP G; lane j, SCP H; lane k, FP A; lane 1, FP
B; lane m, FP C; lane n, FP D; lane o, FP E; lane p, FP F; lane q, FP G; lane r,
all samples were loaded onto 1.0% agarose gel ............c.ooeiiiiiiiiiiiiiin.. 19
Extraction and separation process of collagen from Skate cartilage ................ 24
Proteolytic cleavage of cartilage aggrecan ............oovviiiiiiiiiiiiiiiiiiiaienns 26
Raw materials (poultry trachea) used in research work ...................coooii. 29
Chromatogram of disaccharides produced by enzymatic depolymerization of
chondroitin sulfate from (b) duck trachea, (c) chicken trachea, (d) ostrich trachea
and (e) duck larynx compared to that of (a) standard CS where (i): ADi—OS, (i):
ADi-6S, and (ii): ADi4S ..ot 42

(12)



Figure

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.
28.

LIST OF FIGURES (CONTINUED)

SDS-PAGE patterns of pepsin-solubilized collagens from poultry trachea; Lane
1: standard type I collagen, lane 2: duck trachea (first extract), lane 3: duck
trachea (third extract), lane 4: duck larynx (first extract), lane 5, duck larynx
(third extract), lane 6, chicken trachea (first extract), lane 7: chicken trachea
(third extract) and lane 8: standard type IT collagen ................cccoeiininninnnn.
Total protein removal after soaking in 0.05 M and 0.1 M NaOH for 1, 3, 6 hours
at 4°C and room temperature (RT) ..............uieeeeimiiiieeeeiiiieee e
Loss of Hydroxyproline after soaking in 0.05 M and 0.1 M NaOH for 1, 3, 6
hours at 4°C and room temperature (RT) ...........coeeeiiiiiiieeeeiiiiieeeeeeii,
Loss of chondroitin sulfate after soaking in 0.05 M and 0.1 M NaOH for 1, 3, 6
hours at 4°C and room temperature (RT) .............ueeeeiiriieeeeeiiiieeeeeeeii,
The ratio of hydroxyproline/protein remained in trachea samples after soaking in
0.05 M and 0.1 M NaOH for 1, 3, 6 hours at 4°C and room temperature (RT) ...
Total protein removal after treatment with 0.1%, 0.3% and 0.5% Alcalase for 1,
2,3, 6 HOULS AL 55°C ovviieeiiiit et
Loss of Hydroxyproline after treatment with 0.1%, 0.3% and 0.5% Alcalase for
1,2,3, 6 HOUIS L 55°C 1.vieeiiiie et
Loss of chondroitin sulfate after treatment with 0.1%, 0.3% and 0.5% Alcalase
£ 1,2, 3, 6 h0ULS 8t 55°C vt
The ratio of hydroxyproline/protein remained in trachea samples after treatment
with 0.1%, 0.3% and 0.5% alcalase for 1,2, 3, 6 hours at 55°C ...........covvvn....
Total protein removal after boiling for 2, 10, 30, 60 and 120 min at 90-95°C .....
Loss of Hydroxyproline after boiling for 2, 10, 30, 60 and 120 min at 95-100°C..
Loss of chondroitin sulfate after boil for 2, 10, 30, 60 and 120 min at 90-95°C....
The ratio of hydroxyproline/protein remained in trachea samples after boil for 2,

10, 30, 60 and 120 min at 90-95°C ...............ovvvveiiiiiiiiiiiiiieieeeeee e,

Page

44

45

46

47

48

49

50

50

51

52

53

54

54

(13)



Figure

29.

30.

31.

32.

33.

34.

LIST OF FIGURES (CONTINUED)

Page
SDS-PAGE patterns of pepsin-solubilized collagens from heat treated duck
trachea (lane 1), enzyme treated duck trachea (lane 2), compared with non-
treated duck trachea (lane 3), standard type II collagen (II) and standard type I
Collagen (1) ...ouinieiti e 56
Protein, hydroxyproline (Hyp) and chondroitin sulfate (CS) yields after
digestion of enzyme-pretreated duck trachea with 0.0625%-1.0% papain at
65°C O 110 B .ttt 61
Protein, hydroxyproline (Hyp) and chondroitin sulfate (CS) after digestion of
heat-pretreated duck trachea with 0.0625%-1.0% papain at 65°C for 1-10 h ..... 62
SDS-PAGE patterns of peptides hydrolyzed from enzyme-treated (a) and heat-
treated (b) duck tracheas for 1, 5 and 10 h by papain 0.0625% (lane 1-3), 0. 25%
(lane 4-6) and 1.0% (1ane 7-9) .....oniiniii i 64
Molecular size of CS from enzyme-treated duck trachea cartilage hydrolyzed for
1, 3,5,7and 10 h (lanel-5) with 0.0625% papain (a) with 1.0% papain (c) and
from heat treated duck trachea cartilage hydrolyzed for 1,3,5,7 and 10 h
(lanel-5) with 0.0625% papain (b) with 1.0% (d) compared to standard CS 15-
40 kDa (Std) and commercial CS product(C) on 12% polyacrylamide gel using
100 pg CS SAMPLE .onrieieii e 66
Molecular size of CS from enzyme-treated duck trachea cartilage hydrolyzed
with 0.0625%, 0.125%, 0.25%, 0.5% and 1.0% papain (lane1-5) for 1h (a)
hydrolyze for 10 h (c) and from heat-treated duck trachea cartilage hydrolyzed
for 1 h (lanel-5) with 0.0625%, 0.125%, 0.25%, 0.5% and 1.0% papain (b)
hydrolyze for 10 h (d) compare to standard CS 15-40 kDa (Std) and commercial

CS product (C) on 12% polyacrylamide gel using 100 ug CS sample .............. 67

(14)



LIST OF FIGURES (CONTINUED)

Figure Page
35. Molecular weight of chondroitin sulfate hydrolyzed from heat treated duck
trachea with 0.25% papain for 1 h (lane 1) and for 10 h (lane 2) compared to
standard chondroitin sulfate of 15-40 kDa (Std) and commercial chondroitin
sulfate product (C) .....oviviriiiii e 71

36. Solubility of dried products at various pH ............ccooiiiiiiiiiiiii 72

(15)



LIST OF APPENDIX FIGURES

Figure Page
1. Standard curve of BSA content ............coooiiiiiiiiiiiii 85
2. Standard curve of hydroxyproline content................ccoeveviiiiiiiniiiineneannnn.. 86
3. Standard curve of Chondroitin-4-sulfate content .................ccooeviviiiiininnnnn. 94
4, Standard curve of Chondroitin-0-sulfate content .................coooeiiiiiiiian 95
5. Standard curve of Chondroitin-6-sulfate content .................coooeeiiiiiiian 95

(16)



o Y d'
UNUIAULIDY

=

nizganeoulimsildaammelasunmsnatersia  Iagmwizod19g9noaal

Q
1
=<

a Y] =9 (dy Y I 1 09; a A
RULaZADUATBIAUF AN Faidoyanamaunndslimunasnidosriainalums
Y o v R A A W 4 A Ao a o Y
V35imeIms lsnvednay  aglivaamandumnemsasuninouasosaugamanianisa
u’j d' a 1 ] [ <
mnnaannnszgnoouvesamaw  Tauazgnsunsvateluaaialan o1 lsnawilym
4 [ o a [ a a [ 4 1
Tusedlsahii ldinaanusmalumsuiTnandasuaininia  msldnszgneousingns
I Y o w Y v A Aa ' 1 a9 A a ~
Wutedfiavesdiudemauddaly  aiunszgneoulaimaiaunugaiioannlsuun
@ o d‘ 9 a [ 4 a @
anauazilymmsgyiiusve)aman  Weanudsamsnansunneuasosautamaly
A o 2 =< = o ' a A A
AAADIMIILATULOLEIVIIAIGIUL VUANUNNGWANBINIAQVINURAIFUAD U T
o I 1 a ] I = A 9 1
Ansnmlumsitluuvasvesnouasesaudamlauuiumasonrsolsnauny 15U nszgn
U Y 9 ' <] A A .
gautlansziuu a5t wihenln indatar pasaau uuaiSe (Emergent Technologies, Inc.,
2002; Lou tagnale, 2002; Sumi LazAM, 2002; Garnjanakoonchorn Loz Adle, 2006)
1 LY o
daigaamnssumsulsgldaitnueslszmalneszalseavilyninig
Y
sznaved liniaunuawuail we. 2546 uaszuumathszluaznugumIszuIneeall
a a [ [ a A o a [ 4
Usedaninimueaniaiy aasasumsdiumseaaljuduiauinaasuiliegnuos
maenyy dawalilszmalneansaiivaaianisaiosnsdadeiiios Tuvazi@ernums
dy =& Yo 1 a I v o a o a ] a o A
Aeaunnszaenmags lasumsdeasuiudaimsugn luunuiauurssgnavanantiun
=~ 9 % 1 A d?’ A
9 (2545-2549) Tuud Tduvesdl ldamunaaevealssmemiuinseeg Taamniz luaa
(% Y] 3 [ o o 1 dyd a (A d? 9
nal uazgmaaziueen aeiuiaganmsudsgddaitnmarfitaddsmanniuanlldae
% [ 3 1 I~ 1 { o 1 o o [
vaenaudtinizaneswiludiulsznouiluwaumasdunds lilimari 10145 Temiodns
A o a a [ 4 a { a @
93999 MIANHILUINIMITNAANAAN UNOIMITIETUNIIMIANTADUATREAU T aLaz

a

aoaanaulalas laranilussddsznoy Sadumsduasumsldilss Temitaaauainlnogs

Q
[

ug/' 1< A 1 o a o a {
ATUNIT %ﬂ°I/|\1fN!f]Juﬂ’]ilWﬁJﬁ;Jjﬁﬂ’]!Lﬁgwwu'lwaﬁﬂm“ﬁ'ﬂ']ﬁWﬁLﬁiﬂquﬂ’]Wﬁﬂﬁ@Uﬂq%ﬁﬁ@lﬁ’]ﬂ

a9
DIU1T10109NA Y



UNA3IveNaI

1. gammnssumlsgildaiin

'
o oA Aa Ao W

k4
daitnlaanniz lnile LLﬁSL'ﬂﬂ!'ﬂuﬁ/@’jlﬂﬁHﬁﬂi]ﬂﬁ”lﬂﬂjsll’ﬂﬂﬂixlﬂﬁllﬂﬂ

Y i1 1 H
Thytiundaduaiiioln uaziflagndeeenlugdigsgnienanidesilamlduiaunine

o

o o 1 (% a 1 o o 13 o
senaludadilnludl 2546 sudanaszinlsmadoendaitnugudevod lnamsizduind

@ @ § 1 < o 1 a o 1 A I
anelszmasziumadade o619 lsaaudl w.a.2547 Deilagiin wudwaadmal Indieuaziie

4
S =2

v 4 1 [
mmﬂﬂ'uiumimmﬂmmaaﬂqwuﬁaﬂq (Figure 1 1@ Figure 2) @IUUNNTZ0NNATALLIY

v J

dy A a Jd a Ao 9 7 a Ty A (a
ﬁGI’JLﬁFNLWE]ﬂ'liWTm‘]581‘])’14@1Gl‘VilI‘VlllﬁﬂﬂﬂTWZ‘T'I‘I/ii‘Uﬂﬁ‘LliIﬂﬂ!Lﬁ%QﬂIﬂﬂ uadaulsunmns

9

=1 A Aa 1] A [ Y
LafNTiSE]WﬂG]S3@UQ@ﬁ1ﬁiiN!W@ﬂ1§ﬁQ@@ﬂuﬂﬂiuﬂi%LTlﬁblﬂﬂ

LT T ]
UNIT : TOMS

350,000+

200,000

250,000
200,0004]
150,000
100,000

50,0004

04

2342 2543 25344 2543 2346 2347 2348 2349 2330 233

Figure 1. Trend in export quantity of frozen chicken meat during 1999-2008

n: nsudgdad (2551)
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Figure 2. Trend in export quantity of cooked chicken meat during 1999-2008
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Table 1. Estimated quantity of trachea cartilage from chicken, duck, and ostrich raised in

Thailand (2008)
Quantity of Quantity of Quantity of Quantity of
Source poultry trachea’ trachea’ trachea cartilage2
(head/ year) (g/head) (kg/ year) (kg/year)
Chicken 235,599,566 2.12 499,469.65 241,286.9
Duck 22,722,647 7.23 164,286.5 119,048.4
Ostrich 17,450.65 141.5 2,471.05 1,387

' Data from experiments
? Calculated from production quantity data and information form experiment(l)
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Figure 3. Cartilage ring of bird trachea

nu: Teaching resources center of UC Davis (2002)
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Figure 4. Schematic representation of the molecular composition of articular cartilage

N Aigner Ltaig Stove (2003)
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Figure 5. The main components of the cartilage

117: Pharmaceutical Information Associates, Ltd. (2007)



4. Tassahauazriiavesnauaseafudama (Chondroitin sulfate)
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Figure 6. Basic structure of disaccharide unit of chondroitin sulfate

NV: Sim wagAM (2005)
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Figure 7. Chemical structure of various disaccharide units of chondroitin sulfate

AV: Sakai azA (2007)

Table 2 Compositional properties of CS disaccharides

Systematic name R2 R4 R6
ADi-0S H
ADi-4S SO”
ADi-6S H H SO”
ADi-2,6 diS SO’ H SO’
ADi-4,6 diS H SO3- SO”
ADi-2.4 diS SO” SO” H
ADi-2,4,6 triS SO” SO” SO”

NU: Sim vagaa (2007)
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Figure 8. Structure of tropocollagen

1: Chai (2005)
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Figure 9. Troprocollagen molecule in collagen fibril

7117: Buehler (2006)
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11 Table 3

Table 3. Type and source of collagen

Type peptide Source

I (1,1(1) 2 chains, (12(1) 1 chain  Skin, tendon and bone

II o' (IT) 3 chains Cartilage

111 o' (ITD) 3 chains Artery walls, skin, intestines and the uterus
v o' (IV) 3 chains Membrane tissue

N111: Wong (1989)
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Figure 10 Characteristic of Knee cartilage, (a) Healthy knee (b) Osteooarthritic knee

AX: Parmet (2003)
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6.1.2 Yodnau3aneaa (Rheumatoid arthristis: RA)
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Table 4. Cartilage content from shark, ray and crocodile

Type Weight (g) % Cartilage(per weight of animal)
Shark 750 12.2
Ray 1,250 10.2
Crocodile 22,500 0.6

{ a 4 a
N1 155038 MYIUNYFIHAZDIA DIAINA (2548)

7.1 Binawesnsuasesfiudaialunszgnaou
Garnjanakoonchorn  tiazAaty (2006) laany1sumvesnounosduda
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1 a a [ [} 'Q o
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Table 5. Percentage and type of chondroitin sulfate (CS) in cartilage from shark fin, ray and

crocodile by sulfate GAGs assay

Source of cartilage Yield of CS extract Percentage of CS
(% dry wt)
X' Y

Shark fin 13.42+0.19 9.60+1.05 8.76+0.96
Ray 6.69+1.14 5.27+0.91 4.81+0.84
Crocodile

- Sternum 18.31+0.96 11.554+0.88 10.54+0.80

- Hyoid 24.78+1.53 14.84+0.38 13.54+0.35

- Trachea 13.45+1.78 9.51£1.99 8.68+1.81

- Rib 8.17+0.90 5.56+0.96 5.08+0.87

* Chondroitin-4-sulfate (CS A) was used as standard

Chondroitin-6-sulfate (CS C) was used as standard

! @ a 4 a
N: Aau)aanInIssnIYad MYIUNYIHaLeI 99AINA (2548) ; Garnjanagoonchorn LAY

AL (2006)
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Table 6. Characteristics of CS in SCPs on the basis of CS content (%),/ADi-4S/(ADi-6S + ADi-

diSs) and source

18

ADi-48/(ADi-6S +

SCPs Type CS (%) Source
ADi-diss)
A SCWE 28.92+0.03 0.49 Shark cartilage
B SCWE 26.36+0.12 0.54 Shark cartilage
C RM 0 - Shark cartilage
D SCWE 12.85+0.02 1.53 Bovine trachea
E SCWE 18.36+0.13 0.56 Shark cartilage
F RM 0.86+0.03 0.26 Shark cartilage
G RM 2.33+0.01 0.32 Shark cartilage
H RM 2.74+0.02 0.41 Shark cartilage

SCWE: shark cartilage water extract

RM: raw material of SCP containing non-soluble component

d’ % .
N1 aauagan Sim uazau (2007)

Table 7. Characteristics of CS in finished products on the basis of CS content (%),ADi—4S/(ADi—

6S + ADi-diSS) and source

% SC ADi-4s/
Products  Composition % Final CS (ADi-6S+ADi-diSs) Source
A 100 0.62+0.01 0.14 Shark cartilage
B 64.83 3.67+0.04" 0.15 Shark cartilage
C 100 0.58+0.01 0.14 Shark cartilage
D 100 5.98+0.05 0.34 Shark cartilage
E 100 2.17+0.02 0.22 Shark cartilage
F 60 21.30+0.08" 0.37 Shark cartilage
G 100 1.23+0.04 0.13 Shark cartilage
ASC' 100 13.37+0.09 0.46 Shark cartilage

ASC: Authentic shark cartilage

d’ % .
N1 aauagan Sim LazAML(2007)
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mno pgqTr

Figure 11. Agarose gel-electrophoresis: 300 pl of (a)water-soluble fraction in SCPs; (b) water-
soluble fraction in FPs. Lane a, Seikagaku CS (15 kDa); lane b, Seikagaku CS (40
kDa); lane ¢, SCP A; lane d, SCP B; lane e, SCP C; lane f, SCP D; lane g, SCP E; lane
h, SCP F; lane i, SCP G; lane j, SCP H; lane k, FP A; lane 1, FP B; lane m, FP C; lane
n, FP D; lane o, FP E; lane p, FP F; lane q, FP G; lane r, all samples were loaded onto
1.0% agarose gel

AN Sim azAML (2007)

Table 8. Proximate composition of shark cartilage powder products (SCP) and finished products

(FP)
Samples Content (%)
Moisture Protein Fat Ash Carbohydrate
SCP B 449+0.08 18.29+0.12 449+£0.62 3.16=0.06 69.57 £0.72
SCP C 6.08+0.09 5237+£0.26 091+0.05 1057046  30.07+0.68
SCP D 6.77+0.16 63.92+0.16 1.27+0.08 8.51+0.07 19.53 £0.15
FP B 9.77+0.10 3250+1.78 4.43+0.17 48.05+0.28 525+1.77
FPF 495+0.18 60.88+0.18 1.07+0.11 11.70+0.11 21.40+0.15
FP G 2.59+£0.22 59.89+£0.30 0.76+£0.01 17.93+£0.06 18.83+0.45
ASC 3.82+0.22 2503+1.31 050+£0.06 41.31+0.11 29.34 +1.37

ASC: authentic shark cartilage from Squatina oculata.

AN Sim agAU (2007)
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Figure 12. Extraction and separation process of collagen from Skate cartilage
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Table 9. List of chemicals used in research experiments

Chemical

Company

1. Enzyme

PepsinA (EC 3.4.2.3.1)(806.3U/mg protein)
Chondrotinase ABC (0.36 U/ mg solid)
Papain (EC 3.4.22.2) (3.11 U/mg)
Alcalase (2.4L FG)

2. Chemical for analysis

Copper sulfate

Dibasic sodium phosphate

Monobasic sodium phosphate
Potassium sulfate

Potassium thiocyanate

Sodium hydroxide

Sodium azide

Hydrochloric acid

Chloramine T

4- Dimethylaminobenzaldehyde
Perchloric acid

n-Propanal

Ethylenediamine tetra acetic acid (EDTA)
Cysteine hydrochloride
Cetylpyridinium chloride

Trichloroacetic acid (TCA)

Tris [hydroxymethyl] aminomethane

Sodium chloride (NaCl)

Sigma-Aldrich chemie GmbH, Spain

Fluka, Sigma-Aldrich ch emie GmbH, Spain
The East Asiatic (Thailand) PC Ltd.
Finecchem, Adivision

Ajax of Nuplex

Industries (Aust) Pty Ltd, New Zealand

LAB-SCAN

LAB-CHEM

Merk KGaA, Germany

Merk KGaA, Germany

APS

Panreac Quimaca

LAB-SCAN

BDH, VWR international Ltd., England
Merk KGaA, Germany

Fluka, Sigma-Aldrich chemie GmbH, Spain
Merk KGaA, Germany

Ajax Finecchem, Adivision of Nuplex
Industries (Aust) Pty Ltd, New Zealand

BDH, VWR international Ltd., England

BDH, VWR international Ltd., England
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Table 10. Instruments used in experiments
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Instrument Model Company/Country
Balance BI 1001 Pricisa, Switzerland
Blender EM -11 Shap, Japan
Homogenizer T25 basic IKA-Ultra Turrax, Germany
pH meter 12DVC Satorius, germany
Refrigerated Centrifuge Avanti J-E Bekman, USA

Freeze dryer
HPLC

Spectrophotometer

Water bath
Soxhlet

Rotary Evaporator

Dura—topTM pP
1100

20 Genesye

W760
Art915

N1000

FTS System, USA
Agilent, USA
Thermo Spectronic,
England

Memment, Germany
FALC

Tokyo Rikakikai, Japan
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Table 11. Chemical composition of poultry tracheas

Composition (% dry basis)*

Souree Protein®** Lipid Ash Carbohydrate** Phosphorus Calcium Hydroxyproline
Duck trachea 66.19+0.96" 9.27+0.05" 11.48+0.03" 13.06° 0.87+0.03 4.26+0.05 4.11+0.07°
Chicken trachea 79.1943.96" 3.03+0.71° 2.70+0.06" 15.08" 0.250£0.02 0.07+0.00 4.95+0.0"
Ostrich trachea 84.38+1.59" 3.99+0.1° 3.54+0.15° 8.09° 0.24+0.03 0.41+0.03 7.49+0.37"
Duck larynx 74.65+0.62° 0.80+0.1° 7.65+0.68" 16.90° 1.62+0.11 1.4840.39 4.04%0.1°

* Values are expressed as means + S.D. (n = 3).
**“I Different superscripts in each column denote significant difference (p<0.05).
**Calculated by 100-(proteine+lipid+ash)

*** N Factor =6.25

6¢
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Table 12. Proportion of cartilage in poultry tracheas

Source % Cartilage (wet basis)
Duck trachea 73.05+3.31"
Chicken trachea 49.20 +2.06
Ostrich trachea 60.43 £3.12°
Duck larynx 57.01+1.71°

Values are expressed as means + S.D. (n = 3)

*** Different superscripts in column denote significant difference (p<0.05)
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Table 13. Chondroitin sulfate content in poultry tracheas

Content (% dry basis)* ADi-4s/

Sample
ADi-0s ADi-65 ADi-48 Total CS ADi-6S

Duck trachea  0.040£0.007° 1.016+0.048" 2.408+0.112° 3.464+0.154" 2.370+0.024
Duck larynx 0.190+0.117° 0.889+0.063° 1.726£0.120° 2.805+0.189° 1.943+0.003
Chicken trachea  0.023+£0.009° 0.086+0.004° 0.472+0.022" 0.572+0.027° 5.478+0.057
Ostrich trachea  0.437+0.107° 2.177+0.115" 3.742+0.230" 6.357+0.545" 1.719+0.024

* Values expressed as means + S.D. (n = 3).

*** Different superscripts in each column denote significant difference (p<0.05)
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Figure 15. Chromatogram of disaccharides produced by enzymatic depolymerization of
chondroitin sulfate from (b) duck trachea, (c) chicken trachea, (d) ostrich trachea
and (e) duck larynx compared to that of (a) standard CS where (i): ADi-OS, (ii):
ADi-68, and (iii): ADi-4s
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standard type I collagen, lane 2: duck trachea (first extract), lane 3: duck trachea
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Figure 17. Total protein removal after soaking in 0.05 M and 0.1 M NaOH for 1, 3, 6 hours at 4'C

and room temperature (RT)
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Figure 18. Loss of Hydroxyproline after soaking in 0.05 M and 0.1 M NaOH for 1, 3, 6 hours at

4°C and room temperature (RT)
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Figure 19. Loss of chondroitin sulfate after soaking in 0.05 M and 0.1 M NaOH for 1, 3, 6 hours
at 4°C and room temperature (RT)
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Figure 20. The ratio of hydroxyproline/protein remained in trachea samples after soaking in

0.05 M and 0.1 M NaOH for 1, 3, 6 hours at 4°C and room temperature (RT)
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Figure 21. Total protein removal after treatment with 0.1%, 0.3% and 0.5% Alcalase for 1, 2, 3, 6

hours at 55°C
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Figure 22. Loss of Hydroxyproline after treatment with 0.1%, 0.3% and 0.5% Alcalase for 1, 2, 3,
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Figure 29. SDS-PAGE patterns of pepsin-solubilized collagens from heat treated duck trachea
(lane 1), enzyme treated duck trachea (lane 2), compared with non-treated duck

trachea (lane 3), standard type II collagen (IT) and standard type I collagen (I).
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Table 15. ADi—OS, ADi—4S, ADi-6S contents and ADi-4S/ ADi-6S ratio of duck trachea after

alkali, enzyme and heat treatments

Time % Contents ADi—4S
Treatment
(Hour) CS0 CS6 CS4 /A\Di-65S
Raw mateial - 0.10140.007°  0.152+0.008"°  0.365+0.019" 2.410"
0.05M 1 0.093+0.001°  0.132£0.003"  0.262+0.006 ° 2.554°
NaOH, 3 0.099+0.000° 0.136+0.012° 0.314+0.026" 2.298"
4°C 6 0.107+0.004°  0.194+0.007° 0.145+0.028 ¢ 0.754°
0.05 M 1 0.110£0.007"  0.182+0.011  0.172%0.010" 0.944°
NaOH, 3 0.114+£0.006"  0.183+0.010 "  0.168+0.007" 0.918°
RT 6 0.110£0.007"  0.180+0.012°  0.162+0.010 0.905°
0.1 M 1 0.1140.000" 0.235+0.001°  0.179+0.001° 0.759"
NaOH, 3 0.108+0.001" 0.23240.015°  0.195+0.001° 0.801°
4°C 6 0.100+0.001°  0.212+0.000°  0.168+0.001° 0.793"
0.1 M 1 0.097+0.000°  0.207+0.001°  0.164+0.001“ 0.790"
NaOH, 3 0.090+0.001°  0.184+0.002"  0.148+0.002° 0.808"
RT 6 0.061:£0.000" 0.124£0.000"  0.100+£0.000" 0.808"
Raw mateial - 0.154+0.003" 0.337+0.011° 0.555+0.002" 1.648"
1 0.072+0.031™"  0.214+£0.037°  0.450+0.008" 2.152%
0.1% 2 0.085+0.007"™  0.202+0.040°  0.391+0.034" 2.024™
Alcalase 3 0.079£0.002™"  0.164+0.006" 0.399+0.002" 2.440°
6 0.069+0.000™"  0.190+0.005°  0.327+0.001° 1.725"
1 0.087+0.000°  0.233£0.001°  0.393+0.002™ 1.687"
0.3% 2 0.095+0.004”  0.204+0.003°  0.368+0.001" 1.799%
Alcalase 3 0.064+0.000b™  0.197+0.000  0.356+0.000" 1.802°
6 0.091£0.046"  0.176+0.026™  0.288+0.073° 1.718°
1 0.015+0.003° 0.072+0.002°  0.392+0.012" 5477
0.5% 2 0.058+0.004°  0.114+0.002° 0.263+0.003° 2.302°
Alcalase 3 0.080£0.017™"  0.106+0.002° 0.22040.012" 2.075%

6 0.054+0.010°  0.091£0.003°  0.205+0.010' 2.251%
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Table 15. ADi—OS, ADi—4S, ADi-6S contents and ADi-4S/ ADi-6S ratio of duck trachea

after alkali, enzyme and heat treatments (continued)

Time % Contents ADi-4S
Treatment

(Hour) CS0 CS6 CS4 /A\Di-6S

Raw mateial - 0.086+0.001" 0.218+0.010" 0.625+0.000" 2.871°

2 0.055+0.001" 0.164+0.002" 0.466+0.001° 2.839"

10 0.0460.002° 0.168+0.000" 0.469+0.002" 2.784°

Heat

30 0.0043+0.001°  0.148+0.000° 0.3810.002° 2.593°

60 0.042+0.003" 0.15540.006° 0.428+0.001° 2.765"

120 0.04120.002° 0.151£0.002° 0.423+0.002° 2.807°

*Based on dry weight of raw material. Values expressed as means + S.D. (n =4).

**“! Different superscripts in each column denote significant difference (p<0.05)
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Figure 30. Protein, hydroxyproline (Hyp) and chondroitin sulfate (CS) yields after digestion of
enzyme-pretreated duck trachea with 0.0625% - 1.0% papain at 65°C for 1- 10 h.
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Figure 31. Protein, hydroxyproline (Hyp) and chondroitin sulfate (CS) after digestion of heat-

pretreated duck trachea with 0.0625%-1.0% papain at 65°C for 1-10 h.
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Figure 32. SDS-PAGE patterns of peptides hydrolyzed from enzyme-treated (a) and heat-treated

(b) duck tracheas for 1, 5 and 10 h by papain 0.0625% (lane 1-3), 0. 25% (lane 4-6)

and 1.0% (lane 7-9)
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Figure 33. Molecular size of CS from enzyme-treated duck trachea cartilage hydrolyzed for 1, 3,
5,7 and 10 h (lanel-5) with 0.0625% papain (a) with 1.0% papain (c¢) and from heat
treated duck trachea cartilage hydrolyzed for 1, 3, 5, 7 and 10 h (lanel-5) with
0.0625% papain (b) with 1.0% (d) compared to standard CS 15-40 kDa (Std) and

commercial CS product(C) on 12% polyacrylamide gel using 100 pug CS sample
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Figure 34. Molecular size of CS from enzyme-treated duck trachea cartilage hydrolyzed with

0.0625%, 0.125%, 0.25%, 0.5% and 1.0% papain (lane1-5) for 1h (a) hydrolyze for
10 h (¢) and from heat-treated duck trachea cartilage hydrolyzed for 1 h (lanel-5)
with 0.0625%, 0.125%, 0.25%, 0.5% and 1.0% papain (b) hydrolyze for 10 h (d)
compare to standard CS 15-40 kDa (Std) and commercial CS product (C) on 12%

polyacrylamide gel using 100 pg CS sample
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Table 16. Weight yield of hydrolysis products from duck trachea

Treatments Yield (% dry basis)
1 h Hydrolysate (soluble part) 33.10
1 h Hydrolysate (insoluble part) 22.82
10 h Hydrolysate (soluble part) 46.23
10 h Hydrolysate (insoluble part) 9.41

Table 17. Comparison of major composition of duck trachea, cartilage and hydrolysis products

Composition* (% dry basis)

Sample 1 >
Protein Lipid Ash Collagen CS
Tracheas 73.12+£0.99  5.87£0.45  11.36+£0.69 44.424+0.74  4.28+0.09
Cartilage 62.01£0.74  1.16+0.22  12.94+0.21 43.19+1.11  7.9340.11

1 h Hydrolysate
75.00+1.92 1.74+0.05 4.79+0.17  61.85+£0.97 9.71+0.17
(soluble part)

1 h Hydrolysate
52.3242.43 0.09+0.01 27.84+£0.85 42.30+0.75 6.65+0.08
(insoluble part)

10 h Hydrolysate
70.22+1.12 0.55+0.02 5.58+0.31 60.67£0.53  10.63+0.10
(soluble part)

* Values are expressed as means + SD. (n = 3)
' N Factor= 6.25

? Hydroxyproline x 8.2
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Table 18. Major mineral content of products hydrolyzed from duck trachea cartilage

Mineral (% w/w dry basis)

Products
Ca P Mg Na
Raw material 6.43+1.24  1.37+0.22  0.15+0.05 0.48+0.09
1h Hydrolysate (soluble part) 0.44+0.03  0.05£0.02 0.08+£0.002  0.39+0.01
1 h Hydrolysate (insoluble part) 15.10+£1.59 3.42+0.40  0.12+0.03 0.48+0.06
10 h Hydrolysate (soluble part) 0.23+0.01  0.02+0.01  0.05+0.00 0.72+0.02

* Values are expressed as means + SD. (n = 3)
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Figure 35. Molecular weight of chondroitin sulfate hydrolyzed from heat treated duck trachea
with 0.25% papain for 1 h (lane 1) and for 10 h (lane 2) compared to standard
chondroitin sulfate of 15-40 kDa (Std) and commercial chondroitin sulfate
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2. msansznllsaulaels lugsn (Copeland, 1994)
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4. maanznmsinaluiy (danasain AOAC., 1990)
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