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EETEEFHENERE 37377 B (108 FREENEH R ) - BT ELN S BEEREY) - W PB A -
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HERIEYEETIE « i - T - B - B - BB - SR HEE - N PIREE S 0EEORE - B
RERR M CALSE M - LA FIPNHETTOITE © BE8h  SPIBAE E BRI TEELLUTAR - & SIS 2 ] e (o AR PR S A T
8 5 LIS EpR T SOB RS RIT A (Tesfaye et al., 2017) » RELI S [FF 205 A BB PIE ARG E L 22
SR © AR H AR A PIBT 7E SO - SRR - DA E TR BE A - M E A REYIRIBTFE S
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Fo A ER OB AE A A E s iR A h e SR -

L

IIL.

II.

BN )

LR it 2 1] P BB A A 3 B 7 AR Y B 2SR O I - DRI B AR RS I RE N G S B IR (- S P AR 0
FEAOREEREDE R L Riefa b EAEE -

TEETRE J7 1 » Huang er al. (2021) KR ERAAIPIEH L 1 2 1 AYERBPE S > 7 121°C FRE 30 min -
TE R AAE 45 CHERREER (5 fEE B e JITRAVERR Bacillus subtilis var. natto N21 ~ B. subtilis Da2
B. subtilis Dal5 ~ Bacillus amyloliquefaciens Da6 Fz B. amyloliquefaciens Dal6) BEfEH - (HE%0E 10° CFU/g » I
AIA 50% fiEE 7K » & 37°CIFA#EE 2 K o FRAKEESEHE% - P HEME Bacillus coagulans L12 B » (3
FEBEHE 10° CFU/g > A 28°C NERE S| 5 K - #5c B DIREWEERRZIE B KSY 12% DUT 45518837
REARREIARNN 2.5 — 5% #FEER T — PIBH AT EE BRI B EMERHR A% - 8 (2013) DLAES 7T #EE B.
amyloliquefaciens Dal6 J % {LAE JIEER Saccharomyces cerevisiae Y10 #EFTIIER) (PIE LM FRECHTEE ) — [
EEIEIREEE I - 455 TNEEHE » BIRNINE 2.5 — 10% I » MEEA RMGREI BT - E2RERRNENA - fHEte]
M1 ST /KRR vl FE A PIEk aaERH I T -

Ak 75T Gurav and Jadhav (2012) ~ Sobucki et al. (2019) Jz Sun et al. (2021) 43 FIFSREE TP EEL ()
F RyE—hREUR ) T EfE Chryseobacterium sp. RBT ~ Bacillus pumilus YL J% Bacillus sp. CL18 BERAET T2 /KA
K g% DL S Ko 0o )7 SEBRFE BRI < 0 BITERCPIBR S BKR - FFILERNREE - NEREHERS
HHHARHEREE BT - SIEYRSE RS A A EIRER -

FRe4 FEREFH 7T > Schommer er al. (2020) FAZE5EEE - PR IR [E B AR FE Y 2040 45 R 330 PIBHF
F (TIBLEEIRE ) €68 B. sp. CLI8 WAES TR I % - W[ LURT RS © Yusuf er al. (2019) FREUUT AR
EHAFHEEEIGREEY T AR  SRFEREEE - TIEk & AE Y TH R 1% T {2 A g 0 i B e
& o PIBLKIBMAEY R RE % IR R AR N RDAEE D - RS B SR A Y
o e gEFRT I EE & (Yusuf et al., 2019; Schommer et al., 2020) o

I KREEY) I TH > Bezus et al. (2021) SRRV & KGEY T REEATIELEE BT » Hita(bd
M B S P o it E AR R IR IR SR A B IR B R P B R R B A (PR R ME—IREVUR ) LA Pedobacter sp.
3.14.7 #ETTEEE - MR LI E D PR S - SR B R EKEEY) A BIF ABTS (2,20-azino-bis-(3-
ethylbenzothiazoline)-6-sulfonic acid) H FHESHERZR ~ NO FIEME K Fe' BIFAE T > HARBREEL S
jj o
FEZKf#

FA L flo B R R T 4BV B AR P - B A TR T A E - PR P AR HRE -
Pfeuti et al. (2020) FAPIF4 B0 200% 7K ~ 0.5% 1 & % 2 (Savinase® 16 L » Sigma-Aldrich Inc.) 2 2% gofifi
FEENIRHETTIR G » MBI 55°C TR 24 hr EITIE ZKE o /KER1E DABURE NN ZE 90 C 46T 5 min - {HEEZE
FIEME BRI T AR I 2 - &ESREETH » PR SRR R KR 1% 0 BHEECE I A R R AR Al R e
Bz B B8 - Jeampakdee et al. (2020) & 0.5 g Py ~ 10 mL AYREEE EF 45 #07% (2% 20 mmol » pH 7.2 ) K 1 —
5% A% 2 (alcalase ~ flavourzyme J% neutrase » brenntag) JEE7£7> 150 rpm ~ 50°C /Kfi# 4 hr - /KiF52 812D, 80 —
90°C hn#k 15 min DAH (REEZR0EME: - B f% DABE O S8 7 =0 0B « 45 5REUR » IANI 5% neutrase T E4EHY
W2 KR rEY) - FIF L DPPH (2,2-diphenyl-1-picrylhydrazyl) &2 ABTS HHESERRA - BARATUEALE @
28T -
=%

AF T T B LA /K AR ~ gk g B At B 22 07 SRR P 6 £ 1 Y R 8 S AR o T K AR L A &R
H ~ FERREH AL BE 558 - Veerapandiana er al. (2020) KP4 L 6 N HC 1T — P& EElE /K f# (LA 70°C Ak
24 hr > FELL 130°CZR 24 hr ) » /KER52E7% DL 5 N NaOH ZRE( T Al o KRR LR ek - miriiss
TbE ROtRz > BIEUSPIR/KERE D - WS B &N I JERNMEY S » IEREEEER - fEas/KiE i m
Fagbemi et al. (2020) &1y B s P75 (1.78% NaOH A 1.78% NaHSO;) Ji & 1% > & £ i B 2525 i oK fig
(87°C » 111 min) » /KfESE S S A1 L2 M HCI HHf1 27 o B 7K fif 7K 35 ff7 1% (regenerated cellulose tubes * MWCO
3500 — 500 Da » Z&#E/KZEMNT 72 hr - RHAK 3 ) 2328 - BlEHPIEKEED -
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A ERIEY) 2 BRI R

A R AR E SRR - AR - SEEIREE P ENSEE > Ak Khumalo ef al. (2020)
(o BRI A A B A CER B HE T LB K R < 1F 15 @ 2RIt R R G /KRS (0.2 — 0.4 M NaHSO, ~0.035 —
0.07 M SDS (sodium dodecyl sulphate) }z 1.5 M urea) #E{TJIZA/KfE (50 — 90°C » 2 — 4 hr) - NaHSO, 1 i/ &k
FRAVIZER 5 SDS TI{E R SR EDGMER - et BB FEE /KRR § urea BEMG NIVARRIS - B e KR A2 Ry
EOEEAEE > FERESREEETRKE o /Kgse 2% DO ABEH T N ERRFEE - MR EHEREENE
TEZEE/K BT 5 K REIT/2HEZE - B PIERIIAED - EATERNEYE - 8 - KB - 8
BR8] -

5 i e R 7K i

P DL R = B T 28 (2.7 — 3.5 kg/em® ZE R FE E 30 — 60 min) 7] 503 B IE R % TE (Davis et al.,
1961) « B (2005) AW FE4E FIRIEH > ZERBE ST 3.2 — 3.4 kg/em® ~ HE 115°C ~ 7% 60 min AV LI £ A
e FERGIME HEVH LR « FIH BRIl - "lREPIR/K R B TR R 1 - BUE K& B E &R R (Papadopoulos,
1985) = FEEIMAE IR RCASTT S AN A FESKAYERAE » FERGITEBI NSNS R E e -

B T AEEEREDR 2 1 Nurdiawati er al. (2017) REPIBRE R BAORS OREELGI1 2 5) A G B K B
(autoclave reactor, MMJ-500, Japan) 1T S0k = BA7Kf# (180°C » 30 min) » /KER{LIE LAEE XL - /KR EH 3.4%
E 13.6% R Rl - Mk te T E /R ARAERE  Nurdiawati er al. (2019) JREUABILUT AR PR BKES CRALR
Bl 1 3) TR = B K (160°C ~ 6.1 kg/em® 5 180°C ~ 9.2 kg/em® > 30 min) = j 3] 5 /K fif i 81 52 4 el
KR (SRS A R E Y E ) RSB - &5 RS a{E#EEE R (Pogostemon cablin) K%k (Vigna
radiata) AR M E R ©

BE MBI

Befefe B B IR PI B S EEER - T2 APE (40 52 BPIE -~ PESESURED ) RSt » MR

HEFRE - BHAARRETSS & - BUFHESGR o HATERRF T FE R AT T

L

1L

1.

BEEMHRIEL IR

Adediran et al. (2020) FEPIERER (1 — 5%) ~ KRJE (1 — 5%) ~ AR5 (75 — 80%) HIZKIE (20%) HEITIEGTZ
LL 0.2 kpa FEJJEAEL 5 min o GEIREEH - EXIBAIREEEGIZES] 3 ¢ 2 [ > ErZYEEL (modulus of ruptures) FI58 M5
% (modulus of elasticity) FI BL4F - Dalhat er al. (2020) SRR 5E T HIMRHHRRNT 0.15% B PR @ 45558 E
] IR R T A PUEREE (rutting resistance) ~ FRE MEATEDRRAVEURE - HIEFEINAERC )V PIBHY E VIIE g -
ZEFHEHR 2 BER  Saravanan and Prakash (2018) 44t (°P1E ~ SERAIEE NI ) EG & DA B AR s Y
RN - RAEAEAE 115 CHIEN 24 hr BREKI3 % - AR F0G IR [E B BR R (E R Y - 4553830 » i
FEMVERAE R A LB R 12.5% TPIE ~ 37.5% =iAl 50.0% R - i 2B & 185°C ~ 15 Bar 2 3 min  [If;
Wi RAEMRHTE 98 (flexural strength) SFRIREE « H LSRRI AL - PIEEEEIVE MRS &% > TTRER
HEEYERMIRATRR - HREZZEA VB EE T FHE BN R - HE RS ESIRERE ST -

IAMALIEFTABIFERCR B P SCE B MEAR - Taghiyari er al. (2020) FHIREERIAS (urea-formaldehyde resin) A1y
IR (wollastonite gel » Mehrabadi Manufacturing Company » & & REEEE 10%) JR&1% » DIEE T EF
PIE — AREEAEAE - AR (163 kg/em® > 175°C ~ 6 min) BB G « 281 > AR EHCTIE &2 EE] 10%
YRR (KR RR ~ WNERRNE ~ Mtk Ros MR E ) rE A A% © Taghiyari et al. (2021) FIJ B4 490
EREERIAE (epoxy resin) BUWEE GADRINEI » lEE LB EHIRERBIIEHER 5% 122 15% I » #[% (hardness)
M E RS H A EEE - BN PEmEE T - & R R TR B8R MNa &t - i E s
YIRS R B2 RIS B0 S S ot ¥ s e TH H eSOk E 2 S22 -
BUEEM R R

FH TR A ELAPIREEE Y - BRI PP B SRS+ S 8 b HE BB AR - Ouakarrouch et al
(2020) LLAE B E IR - IR TER (0 — 5%) F17K CRIIE RADEHEYT 60%) SR ERIARE » RERERE
24 hr ERY > [T FLL 60CHARE 2 K o G5 - JRE MBI EVE (thermal conductivity) FIZEEATA (thermal
diffusivity) 43 FI[FE{E T4 30.2% 1 18% - Babalola et al. (2020) {5 FARE S ~ HIH ~ PIEH &E2E 1 (bentonite)
BUERREVMR SR » TR BRI AT SRR A -
AR

&1 48 TR L BR (B S M FR G M A A R AT - DU B R AR 2 A R AR e AR FE Y ELRE o 1 1 F AE &5 RO 4
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RO TR BIT » A BB AT - Kakonke er al. (2020) 6 316 DKL A1 (fluffer) BHEERAR4E - T 141
50+ 50 HILL BB RALER & - LTI (carding machine) BUEK LB 44k 1% - PRI TBURAE S OF - SXERST T
(needle-punched machine) R4 » BIFIRLIE — HARAEATR S8 > IETTIE B IRa IR -

BRI

BRI 2V BB LR - 2R EEMERE TR R 5=l - AYEE(L B ERCR (syn-
gas) ~ £V (bio-oil) FIZEYfE (biocarbon) FYZEFE o 1BV EA FER A AR ~ BEAER - Hl#Eh=s - & - ik
Bk R MTEIEY BT o BERERFIL RO IE R B EEEY) - RV EHAEYIRER -

A [EI SRR FH R B (5 A P 72 52 - Rangaraj et al. (2020) P10 7 iR & RIREE (argon gas) 1 > DA77 5
5CHIFRAZRAE 600°C T AL 2 hr > & PIE 5 IE R A Bt R o Hastuti ef al. (2020) 7REEE &M 2 FEAT
BHIRPPIET 215°C N EVAE 15 hr o PR EZZIREE T ANEAE 450°C 4655 1 hr BI5E 5P E 8 - Rahmani-Sania et al.
(2020) HEFPIE T AR §5 $ 57 JTE 223117 3 A &R (nitrogen gas, 150 mL/min) #1755 — S ESHNZN (215°C » 24 hr) » A
FERIEEEF 2 650°C HETTE P EEINEN 2 hr > WHRFECFE /K53 A4 L © Li er al. (2020) EAEHET R EDRE
(1300 71 600°C ) EAALfFEPIE 30 min $PBRER ZFE - &R  REASEERK - LR ERE T
PleF A EFRATE - 1E5h > XOE8ES 731 (X-ray diffraction analysis) 253 » O & ATEAVER i B A B Z YIRS AR
(amorphous) » [ EE & VBRI A 26V 25 (graphite) &8 » R [EIZGYR R & B HLER -

b BMEami i

AEMA AR E(LEYE - EPIBEANGSHEECEREE M ERME - B2 - BEEER R AN
& Emie A ERE -

Suna et al. (2020) & 8 g PIEWEF IZ AFIHEE AR (400 mL 7K + 2 mL BE% ) » ZEZLL 60°CHIEN 24 hr - [fi{&iE
TR BRI IR o WA IR E P B E A G E o WOBUE N B B RE AL T = H T Cr (VD) B
T 27 % B o Chakraborty et al. (2020) 1 4 ¢ 21 & 1 H 5 A 100 mL (1Y 2% NaOH & 8 H (N & 4.0 mL 2, — Ji#
(ethylenediamine)) » 74208 N KM 2 hr FF DLZEEH/KE B RZ )G 2 © NaOH Kz 2 o & ¥ P15 85 1 WY RS (hydroxyl
group) Jz &% (carboxyl group) #E{TER - #EM =B @ a1 - EBALEMETTH - (LB T/NVE B ERR -
Rangaraj et al. (2020) [ 7 g PIERERH 72 A 50 mL /1Y 0.5 M BEFE§E/7K-&%) (Zince acetate hexahydrate) 7% L)L 180°C
HOEL 12 hr > (PR EFEPIEEQEESY) > MR FERERT 600°C #AZE 2 hr - BpF(LEPIERESY) > FEFAR
PR BB RPN o Hastuti er al. (2020) DUFE{DUR BRI B 2 P B SR BV BE AR R} - FFGEE B SRl v FEF A &R
AR o ALEMEERRITIT A 2 PR E T 25N > Yang e al. (2013) KPR B 40% HEE K2 10% NaHSO, 75K
SERETERE 3 hr > [(EPIBREAFE L -SONa & > FEIEA /KA N - A EANE SR Z o171
ZIERHRE FER (B E thi%ii)

AR ARG ~ EEPDRH T - BAAER T S AL B EMRL T - &OE&R G E A 28 AR AR S B RV A » Li er
al. (2020) F|FHEGREF AT E M B LN B R R - FH LRGSR iT45 & 5 7L (poly lactic acid, PLA) » #4fEHA]
A=) fp oy A RS BRI I L RS BEDR) © Yang er al. (2013) f2PIE Mt 7Kfi (40% NaOH 5% » 95 CH#EL 2 hr)
& ELT(LERE A (40% HIEE K2 10% NaHSO, /AR &8 - [P BE A H#EE -SONa BEREE ) » MRER(E T RTE
FR&E G E G ITRNEIE B R ZV R EM KL > IR G RERZER B A EERIRE KSR /KERRER - Siriorn and
Jatuphorn (2020) DU EE/K iz ffir (NaHSO, ~ SDS Jz urea) 1B 7 7Kl fs FAEE H 2 1% > P45 G PLA ~ —& {8k (TiO,)
FEE+ (clay) MR - DLEES452%# (electrospinning set, comprised of Gamma high voltage power supply and Syringe
pump) B HAGURELEE SR > DB AEIYE#E)E2S - Rahmani-Sania er al. (2020) 118 DU G A iR 2 708K
EITLEEET - MR HEE B ACPI B - 1B AR I 2 BB THYBR 54K - Hastuti er al. (2020) K Rangaraj et
al. (2020) 47 FIfsE FH 75 /KEGlE 75 (Zine acetate hexahydrate, 0.5 M) K& & LA (KOH, 5 M) $PE1EH #E1Tb
B > MRS HASFEEPIBERESHE » nT3ESEE A SRR o LIiCCiéE & 2 > gl
SRt EE E e R AR » H B PIEREEY O R -

0

HEPNELUINZBIEDBF BRI

AL FFEHIT OS> PR LUINRIEY) o] FEF Y SR aRH R ~ BEZOKIREY) - ZEHIBIRE O M A4
B EmMRIBE S - R IEEEIEYNE S EEE - TSR S B RERG (BMER ) BUER A Bl S
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dn 0 MG FE R R BCEEYIER S (Zier er al., 2004) - HFA EECGELAGE S B AT IR EL R B RIEY) - 2 HAlthERIEYE

MEEE T - MAEREZR/KEEY T - AR AT DUEITEORA « P B RTEfIny o e A - nTelE 2 EE

B EE AR MERYE o BRI B AN hI{E & (Kristinsson and Rasco, 2000; Slizyte ez al., 2009) » Fi T LUk

FEElE Z /KA 240 » IEHEIEY)hE & 2 BIREH ~ 05 2 (chondroitin sulfate) ~ 3R [% (hyaluronic acid) B

e TR YR (A0 : RS ) o PRILEF 26 SORRIE LR Al bl VA ELFE P BB - DU e ia L FH 07 =X I L AL i

T2ZRHE ~ EEONEIR H Ko irés R -

FAB#EPELIINZBIEMEEERE AR R

I BEZEH

IR 5T 070 T 2 e = B R B R A B et Rt o (o P URHES S S5 - e e PR - Wi -

BE ~ I~ WOBEEES - RN RORTE - B AR o FURHRBRIE BT B L BV ERZ P - MIEVRELY
F5 140°C > JIEREFFE L 45 — 60 min > BEJ] 3.5 — 4.0 kg/em” o JIEVKE R A A1 208 - FFLIEHAE B H ES 1
RS o RS T AC AR L) (3,000 rpm > 60 min) SrEEHAG o 1S RS A A BARE K 3B B 1% - DAHEEZ (80°C - 6 hr) B(E
22z (4 hr) I35 HERRZERIK Y « FESAVEZERYIRE R S R IR HEA TR S 73T (2 mm ER4Y ) » 08 & AR
DR @ENE S - BV 8 Y ERAREE 71 (Awachat et al., 2011) ©

I EEHEREE RKEMTIH

SRR 2 B Rt EE Y aa et et - R E T B 2 DL—&EEsy (Ko ~ MKy ~ fHE S ~ fERERG -

FHARAE ~ MEEHTY)) ~ $50E 5 8 N EVE [y E (Costa er al., 2008; Awachat er al., 2011) - 3l 558 aF 4 B 2 H B M
R~ =B R - R IRFAMEE - pHE - DPIRE - ifQEEL 255 S FEY) (2-thiobarbituric acid reacting
substances, TBARS assay) 55 {r {7 145088 (Costa et al., 2008) - MHRBH SRR AT E AR 1 - FEAN - HOREIEYI I LT
Bf > KL EY) ~ Half s BB BV & 7 A Uk~ BiBE (mercaptans) ~ [ (amines) ~ [§ (aldehydes) =i HAff &
RY)E (Cheremisinoff, 1993) » Rt Kruger ez al. (2009) & 52 &5 Bl 2 Vel ich Uit S/ F A AR Y BE SR 1T )2 SR U EE
T 1% LATRZE [E A8 25 HI (headspace solid phase microextraction) fili iR AG i - FLURAHEMTEE / E sl inHles (gas
chromatograph/mass spectrometric detector, GC/MSD) 73R a5 T o FERFZE ] F i Pk SRR 1Y BE R iR B R Bl 2
BEGRRF 2% -

*® 1 #EPEISNZBIEYIEQE R Z 5 e

Table 1. The compositions of protein materials made from chicken by-product

Composition Costa et al. (2008) Awachat et al. (2011)
Types of by-products Viscera Head, feet, viscera, liver, gizzard, feathers
Gross energy, kcal’kg 5,098 6,060
Moisture, % 5.53 7.73
Crude protein, % 60.7 60.6

Crude fat, % 27.1 20.3

Crude ash, % 4.34 14.8

Crude fiber, % 0.78 No detection
Carbohydrate, % 1.54 No detection
Calcium, % 0.21 3.01
Phosphorus, % 1.10 1.64
Pepsin digestibility, % 82.4 No detection
Acidity, mg NaOH/g 9.40 No detection

pH 6.32 No detection
TBARS assay, mg MA/kg 1.57 No detection

Aflatoxin, ppb
Salmonella, CFU/g

2 mm sieve retention values, %

No detection

0
0.28

0
No detection

No detection
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MARHEPELIN BIEMSREEERKEEY

L

1L

BUFRZLRE
BB SE 775 T AN B ERE B DN 2 BIEY 2 BE 2K EY) » WISEED ~ B ~ Bekes ~ 0% ~ K258 ~ Bhas -

BEGLATPEEE J7 1 > M DAEE L (2,500 g > 15 min) 55 H i Bk R 11 42 1% P #1772 227K i (Wongngam et al. 2020;

Nikhita and Sachindra, 2021) ; F7J& DL HREZEER /K1% - FELANERRRRE - (2 07K 8 Bk s P TIRE 22 /K

(Onuh et al., 2014; Onuh et al., 2015) ; EAREIEYLE % » II/KGHEEITE » mEinEvEz (85 — 100C » 5 — 20

min) » R AE HEITEEZL/Kf# (Cheng er al., 2008; Taheri et al. 2013) - B /KIS » ({5 FH B 2P R AV EREE 20K

FHEE pH {H SORFE - RN ABEZFG/KEEE « 2R INEG IR Z S E (95 — 100°C > 10 — 20 min) » 3 DAEE

OB R RE T U B 7K B =Y (Taheri et al. 2013; Onuh et al., 2015; Nikhita and Sachindra, 2021) °
R ERIRE ~ BERTES - BERAEELA A ELEH BN E REE - BTN E SR EC L2 B 2 R 3 %

A P2 B o %M ER % 2% /K% 5 1| > Nikhita and Sachindra (2021) L 2.5% Alcalase ~ 60 °C #E {7 % 25 /K fi# » 1M

Wongngam et al. (2020) HI[L 4% Alcalase ~ 51.1°C ~ pH 9.6 E iz {2 /KRG H: - # 57 LL 3% Alcalase ~ pH 8.0

55 CHEfTIEZ KR > BDL 1% HEEES ~ pH 2.0 ~ 37CHETE PSR # % » P 1% FREARS ~ pH 7.5 ~ 37C

HEITEE FEEE i (Onuh et al., 2014; Onuh et al., 2015) - Taheri et al. (2013) (gt HES 0.07 Ulg » 12 52°CF

BRI o S AT SRS EIZEDY) - Cheng et al. (2008) AIl53 7l PA Alcalase (pH 8.0 » 50°C ) ~ H & HEF (pH 3.0 »

37°C ) EIREEN (pH 8.0 » 37°C ) » FFEEFZREEE 1 @ 50 BUMRM: T #E1T 5 INEERR S IR Z K% - Bl (2011) 7R

FHAB AR e 22 PR BRPR 4 AR B 35 R R B 7K g ZEY) < 1] Jamdar and Harikumar (2008) FYBUFRES RREIE - (5 A BHY

HENN (B - B2~ B8 ) R&EGHAHS > DIERZIE%E pH H 2 2.8 1% » TEARNIIEEZAVARN N L S5 CHaRisE - #

AR B R EEZ TR

EHENEHEE KER T
B 38 18 LA il 7R e E BRSRAVHIE TR H » E R IEEIE 2 275 - F RAVNEH BB a6 - TaME

HE&E - FEILE 8 KoK (degree of hydrolysis, DH) » #& LRl K flRIF I 2205 M2 B OrF BAF ~ FAMEED

B R ENER] Sy fi s FE HBERL (Cheng et al., 2008; Jamdar and Harikumar, 2008; Taheri et al., 2013) = FlJf _Eult 5 45F

i /KRR - A — 2 K EYIHT— MRk oy ~ BRI R E R > DU e SRR B AV B S

oo Bt% o MRRESCRAIR E s FE R B 0T I RIRRS -

() FAZAEETEE - Jamdar and Harikumar (2008) 4535 % & N /K g AUl AR 2H R & B 8 E - BARS
fAR S R B R E A E AR 2T « A E B E R JFUR 75 24T &8 pH ([E R T BEA RIFNAE
(solubility) » #ET/KAEEYIAE pH 1 — 12 HARERE R - 058 B A MRS B nl 25 93% DL I < Taheri ef al. (2013)
B KRR EEY) 2 R4S NI Y RIS RS -

(i) Bkl - Balti ef al. (2010) $5H » SR EERIEY TS EA K R miEH - A CHISRB AR 2 &S] -
[t4h > Taheri et al. (2013) JREHE U (LA M PR ) SR & (BEECFIRRED ) RIEVIHKEEY ETS RS -
£ 7K 1% (water holding capacity) ~ Wz i & (oil absorption capacity) ~ #.{b 4 (emulsifying properties) ~ #E /7 4
(foaming properties) fz (0 EIH B 2 5FAd » WFFC4E R 3 T 0 B EY) 2 /K g Vel 65 R s & Bl E Y By
o RIS FJERT 24 > I EE N SHERIEYES - e s -

(i) PEREVEESD ¢ BN 255 SRR A2 CooDI BT T PR (2011) Esl Rt B B RIEY) 2 HERE MR i > WEEEER
FERRE 2 B ZOKMEYE & L- R (L-Arg) - EARS HICEIEIREE M2 78T > BUNE HERR BB £
KIREVE AR ER ZEAEE - WHEEE - BRLERIEZEEREE 228 - SRR AR
TE BN E B 2K E YR LR EFt > AR ECRERD)ES « 11 Cheng et al. (2008) /& | HRE T #ERR
BIEYIFERI A HREEMEE 2 7B ) HIE HERR 5 B2 2 /KR 2 DTS bRE 1 R I B UL 4 Z HEHA R (angiotensin I
converting enzyme, ACE) fIfVE 4 » 45583837 » {01 F Alcalase [ 227K fi# 2 DH FRIH#:H 2 A B AR & 1 1
> HHEOKMREYFRIH T =W ACE flIGDEM: o BT #5240 Bl R H i B 2K Y N i B A
P b ACE fIHDEMERVREE o #— S DIEYAnsa s - a3 = s 3 P iV 2K EY) - Sl EH
VS AR B Wi 4EEE (Onuh et al., 2015; Wongngam et al., 2020) - H_EAICORRRT R - #EERIEY)IE R /KiE
EVIEAR e B 2 78T -

MAMENELIIMNZBIEYZIRBRER

L

Wi

#HEREYFRR R E S HISURES > WHN ~ FRos RS - ERIEYZEHIBIFE QR © Bl
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Table. 2. The collagen extraction technology of chicken by-products: Comparison of sample preparation and extraction
methods
Reference Sample preparation Extraction

Feet

Zhou et al., 2016

Samples were soaked in a solution of 20% NaCl
in 0.05 M Tris-HCI (pH 7.5) at a ratio of 1:20. The
mixture was cen-trifuged at 10,000 g for 20 min
and the precipitate was washed repeatedly with
distilled water to remove fats and bubbles.

1. The salt soluble collagen: pretreated samples
were soaked in a salt solution (0.45 M NaCl in
0.05 M Tris-HCI, pH 7.5) at a ratio of 1:80 for
48 h.

. The acid soluble collagen: undissolved matter
from salt soluble collagen extraction was soaked
in 0.5 M acetic acid at a ratio of 1:80 for 48 h.

. The pepsin soluble collagen: Undissolved
matter from acid soluble collagen extraction was
soaked in 0.5 M acetic acid (pH 2) containing
0.1% pepsin (4,500 units/mg) at a ratio of 1:80
for 48 h.

Araujo et al., 2021

Samples were soaked in a 0.5 M acetic acid
solution for 24 h in the ratio of 1:10.

Pretreated samples were homogenized for 10 min
at 5,000 g. In hy-drolysis, 1% pepsin was used for
12 h at 4°C with continuous agitation.

Araujo et al., 2019

Samples were soaked in a 0.3 M acetic acid
solution for 24 h in the ratio of 1:10.

Pretreated samples were homogenized for 10 min
at 5,000 g. In hy-drolysis, 1% pepsin was used for
12 h at 4°C with continuous agitation.

Potti and Fahad,
2017

Samples were soaked in a 0.1 N NaOH solution
for 24 h to remove non collagenous substance and
to make the tissue very loose.

Pretreated samples were soaked in 0.5 M acetic
acid at a ratio of 1:20 for 48 h at 25°C.

Sternal cartilage

Akram and Zhang,
2019

1. Samples were soaked in a solution of 20% NaCl
in 0.05 M Tris-HCI (pH 7.5) at a ratio of 1:20 to
remove the noncollagenous substances, and then
washed with distilled water to remove bubbles
and fats.

. Cartilage pieces were soaked in a 0.5 M Na,CO,
solu-tion at a ratio of 1:10 to remove pigments.

. Cartilage pieces was soaked in a 0.3 M EDTA
disodi-um salt (pH 7.4) solution at a ratio of 1:10
for 24 h to de-mineralize the cartilage pieces.

Pretreated samples were soaked in a 0.5 M acetic
acid at a ratio of 1:6. The pH was adjusted at 2.8
with formic acid and then stirred for 96 h at 4 °C.

Skin

Zeng et al., 2013

1. Samples were soaked in a 5% NaCl solution for
12 h in the ratio of 1:10 to reduce noncollagen
proteins.

. The soaked skin samples were washed with
distilled water, and then soaked in a 6% Na,CO,
solution for 24 h in the ratio of 1:10 to remove
the fat.

Pretreated samples were mixed with 1000 volumes
of distilled water and 1 g compound enzyme
(papain: trypsin: flavourzyme = 1: 1: 1) and then
allowed to hydrolyze at 50°C for 3 h.

REUR R (AT - IR - S ISR S R BT - T R N B - B

B

g TR e

ERTHETR AR o MEASESURATATRE A AR > HERAREER T AR

& > {40 ¢ DL NaOH 750 AR BB JE & (1 (Potti and Fahad, 2017) ; L) Na,CO, & EDTA disodium salt ;582

(ERAL e

et al., 2013) - BEERF IR ERIZ HIBE ST

TR - BB R

AV ZR R REY)E (Akram and Zhang, 2019): A NaCl k& Na,CO, 75 /R A PR HITRRZ IR & 0 R AT (Zeng

AVEZEAL » Zhou et al. (2016) FRaTEEIAM: ~ BEH
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P Z AR AU B R E O N 28 SR EHRBREOERDBEZAEERNRE » A RA
M A2 - (R E AR & B ZEHUIH T 7 126 Ry B R e S B s M BUAR - B R MR R e i R ol
BERErYELEIEA T - BIREH DS FA (018 - BB RIErT o ig - HE S n RS ERIE 3.4 % » LEERSE
(BTN EFR (Zhou ef al., 2016) » 4} » Akram and Zhang (2019) S5F#A 2 =3 (ultrasound-treated) A 3#E—25 ¢
TR i AR E A ER > RS ARG © Rk e 8% - DUInEEEErey 7= fEAEC
W G LUENTR M BERRE 7y SRR IR E TR R A SE R AV EUAR - BB E A TR FERZ - iEE RS
HEZ R T A BERZ Rk oy - HA o e R IR B R AR O DRE R e VB 07 7% - B AR PR REZR AN BEE =
FER  FIIRT B A SR ECE (Zong et al, 2013) -

EHYHIETH H K ER J71A]

ERHEZE AT > BRERERE EEAHEIRE - AL (BREHZHEZE / JFRE ) x 100
HEASERFNHBREQNLEIES - 22N BIERESGHE BT (K3~ 8Ky ~ HED - sl
) Bebe Bl oA - DAL & Sy Bk - R REA 2 & BRI -+ AR SR N
T e R BE K 4747 (sodium dodecyl sulfate polyacrylamide gel electrophoresis, SDS PAGE) 1] FH i B ELZE B R &
Rk e BELASEEE i 7 [T RY BB UK ER T (band) fir' 8 » FEILHIE Ry (mTAERR I O S SIS o (7 B BES AT S (Fourier
transform infrared spectroscopy, FTIR) ~ [B] — %5553 #7 (circular dichroism spectroscopy) ~ &1~ JJ 24l $4% (atomic

force microscopy) f¢fi i 8 - Hi{u#% (scanning electron microscopy) Al 7> 73 B i 45 H 45## (Zhou er al., 2016;
Potti and Fahad, 2017; Akram and Zhang, 2019)

RSB EAEREE T E > FEREESERTE - #lEfFEESBWHIEEE - %?éﬁ*ﬁﬁﬁ“ NS
gk - G EEM R 2T FREILLRAKME ~ KM ~ AR - AN - TORME R EE R - FHEEE
— A FEDREAVR E S (AR R 5E M ) AT H2E{H{E (Zeng et al., 2013; Zhou et al., 2016; Akram and
Zhang, 2019) - fEAEBSHORHER J71E > 1R (2007) S+ ¥HEFE A BURDHIE 2% - pH ~ UM ~ FAEME KB Bk
WHIEDT UV ~ i bR RS RIRRE ) - DIZREEEER N BN 2 EE - S&REr > BFHEZBREARH PEI%’E
BIFRE O B AR ENRECEET - ARBRE DRSS HE LS o EIELUSE /Ko 28 HCHE R E B R
EHHEFERRYE > SRSRBIFEE O EFEEER KR E KR - HILATA > BEEREY EA FER Nk 2 8
77 = Araujo et al. (2019; 2021) K ZERIIER & H E MRS E A B RS 2 Bds > RILAERVE sl ~ —R%E Sy ~ HERp
Mg ~ (0% R 1RSI T (texture profile analysis) » 45 S EURIB R & A 7] LU ES o hAE B A2 2 F G E - BARK
Ty EHE e SR 7 -

He#ENELIIN BIEYIFEFR SR

L

ZEHVER R 2R RO PR I

WU 2 R B PR IR v B2 FE R B ~ B4 EE - (Ll ~ B i KB B PR fiE (Uebelhart e al. 2004; Volpi, 2009;
Srisantisaeng et al., 2013) - [ ZE & F FEAH (WZERITE ) B Si0E R - #EE BRI - SBEZHUE A7
HEIEYMTIN{EE (Kogan et al., 2007; Collins and Birkinshaw, 2012; Srichamroen et al., 2013) - IJL[:.%‘B%;‘U%)(:
S DL#RE 4H 4% (Srichamroen et al., 2013; Shen et al., 2019b) ~ A 2 7= 5 Bl E i (Nakano et al., 2012) 57 2\
(Widyaningsih et al., 2016) ZRZEEV#CE 2% » WiEkaT#Em 26 B PRI 2~ 7] 7714 (Rosa et al., 2012; Srisantisaeng et al.,
2013; Oliveira et al., 2017)

TERCE RAAHUTHE » mf/KEZEE (100°C HOEN 2.5 hr) ~ (LEEREEY (6% pH E 2 4.5 ) KIFR 7 ZEHUE A
ZEHUH A 25 (Widyaningsih ef al., 2016) © {HEEZ g2 HURERERR /D - H B A REERIGHC A2 - R H ATDALE B
“E YR (Nakano ef al., 2012; Shen ef al., 2019a; 2019b) = Shen ez al. (2019b) #E— 35 [ Fi 255 =5 BE (120°C -
L5 hr) #FERGECE R LA FE AR (REAMRANNELR ) - 455RE8E TS ZEERRCE © M

ZEHUB PRI T > BEIAAR FEISCR R 2252 - (HIRDABE R 73 AR 25 HUE Fs & (Rosa et al., 2012; Srisantisaeng et al.,
2013; Oliveira et al., 2017) - HEE4CEANY)% - 2 REIERE T — FESER (21 0 viv) T LLEBRESRS K2 7K 4> (Rosa
et al., 2012; Srisantisaeng et al., 2013) > [{ZHEE T AR & pH HAEITEEZR 7% o #0052 IR RIRIVEE 7y iR
% » DAB2 @115t H5 (anionic resin) W[ ~ F5 208 ~ Bl 00 B0 0B FHRUlT (20 = MBS B (trichloroacetic acid)
L8 ) 43 Bl H 48 (Srichamroen et al., 2013; Srisantisaeng et al., 2013; Widyaningsih et al., 2016; Oliveira et al.,
2017) » EEIB’\E;[LPE@’X F Y PRI B S A TR L (uronic acid) HY45HE » PRIH WA FHIIESZ E (carbazole reaction) JH|
EEEE & o Em MG ZEHEEEE: (Nakano et al., 2012; Rosa et al., 2012; Srichamroen et al., 2013; Srisantisaeng et
al., 2013; Widyan1ngs1h etal.,2016) -
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A - B0y SURVE SR 16 S S ) Ry LR WO A S LR R B2 )i By BBV (Maher and Bressler,
2007; Fernandez et al., 2009; Wisniewski et al., 2010) » T ZEE & K AN B E 2 lBsRVEEY) » NIL Idris et al.
(2015) TR H & K7 1 S A W RS ZE BURC AT © 6 % K2 S B I IR A% » R S i 60°C /A ( CbefIZK ) fnEs
60 min #E{TAEHY « 45 > B AR A EUMAE - B AT R AR 1T B R B nT EE T 23% HYUHAS
& o E—PLUFTIR 73 MHE - &5 RS I HOERE A4S SR Bl AE L - A=BEH s (triglyceride) &y £ ZEHYK
57 0 BURHEA I TA bR A maTE T -

1L FEAR A1 T8 m

HE L ANHEEE - RERYE » RN OB RIEYIER NI T8 - Hrp 87 & ARG R
FAF2e Akl (Pefa-Saldarriaga et al., 2020; Lima et al., 2021) - Pefia-Saldarriaga et al. (2020) $£&] DLZE & Hgh =l &
Yy o B HUARFLAERY (emulsion-type) 75 H 2 7 36 HLE it B 2 522 o S SREUR > MR HUACEE B2 g RFEAGK
- wEAEREETERE > (HELPZEFFa Mttt TR AIHE - MEE SR > DS
R 40% HER? 2 FRGEA - ERFI AR SR IR 50% (& > R DAL A# R E o Lima er al. (2021) £EE72 %
K7 ~ Hahh R [EIR NN 2 AR S B B 2 & - SR EUR MR FRAFTHEDEEE - BE - K
gE SRR D = EERR o NIRRT AR A AR E & BB REENEE mef il BE2 1 o f EatsORR T 0 o 2R K
HERGNE T FE A E RS - T HFE SR B R IR B v i B B RG R 7 RN E B2 TS TR Ry il T3 2 Bl S5 Y SRR
Fedt o

w W

T PR A RO Ry KBRS ~ MR ~ BRI R AL EMER R - ZKigEfr ] P EA'E
$EfE > DUILIEEDY) ~ 1Y) KOs oy SR EE Sn JRORE (40 - LR (LA EAER ) - WEM BRI E B
AR o FEHPIE5RE] ~ FRE ARV RA ARSI  M: » FTSCE R REL IR ~ BB SR R SR -
BRI R P BB B b B B pR ~ BV R - M B SR P8 S R d 5 A4 I B BRABER AL - (b
St E A AR S L2 RS PR E QRSB RE R - RIS - |REMEEOAMEN: - ETTETHPIEE
FTE -

MHERSPIE - HAMEEY AT RE P8R ~ EEDICERIE e R B S IEENZ - NI 2 L e & B R B
Reffr Rk - i e BARR R R i v i B AR AR BRI EEY) - S IE AR Gt - TR ZKAFRTRE (R S B8k
tRREMER Y - NI IDME(E R R M R - ZEA B fa 5 TA - BBIRE A 2 SO Ry B HAZHUR (SO AE T H B
CEITseR > AR S R E S o M TR ases 2 R REEZERL ~ AW 4 2 e A T8 aefsff
SRR PR LSNEIEYIRERTE Y] > iR 245 - 259 - el R - 2R E LT EVEMEE - RKRES
BUERCS AR > DIARdE s #EE R Y& A G Db DB E - T Re SRR T Rt R SR 5% e
ZHRE -

ZENRK

TRIEZE - 2007 - FIFH S #ERE TR H & B O R 2B IR & 1 BLH DRERF MRS BN TP BUR SRR EE £ - BE L
2 e

PRIEHL o 2011 o DAFERRE KAEYICGE ZIE RS R 2 B5T « BT P SR E YRR 2, » RELERSC - = -

BRTE - 2013 - EREEPIB O REET _IREIR SRS EE NI B (R R HE R ZIRST - BINLREARZETYRIE % - 11
Ew S e FEE o
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Abstract

The purpose of this study was to investigate the reutilization technology of chicken by-product in two parts: feathers and
other by-products. Commonly used feather reutilization technologies include hydrolysis technology, composites technology,
pyrolysis technology and chemical modification technology. The hydrolysis technology can decompose feather protein into
biological nutrients or as raw materials for other products. The composite material technology combines feathers with other
materials to change the property of the material, including the physical, thermal insulator and fiber properties. The pyrolysis
technology is the thermochemical conversion of feathers into synthesis gas, bio-oil and bio-carbon (feather carbon). Feather
carbon can be applied to the adsorption of pollution and electrochemical materials. The chemical modification technology
uses chemical substances to change the structure or functional groups of feather proteins, thereby changing the absorptive,
electrochemical, or solubility properties. With regard to the research and application of other by-products, high-temperature
and high-pressure processing technology can process a large amount of by-products and then can be applied to feed
materials. Enzyme hydrolysis technology can retain more nutrients or functional substances, and hence adding value and
more applicability in these products. In terms of extraction and purification research, there are abundant sources of literature
on collagen extraction, , which can be adopted by researchers and industry practitioners. Moreover, chondroitin sulfate and
hyaluronic acid extraction, bio-oil production and meat processing technologies add more diversity to the potential value
of by-products. In the future, we should properly adopt the various reutilization technologies to improve the reutilization
rate of chicken by-products and increase the added-value of products, thereby to prolong the sustainable development in the

ecological environment and industrial operations.
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