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Use of Poultry Offal Waste as a Protein Source to Substitute Fish Meal in

Laying Hen Diet on Production Performance and Egg Quality
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wwndawnsadludniUn (Poultry offal waste; POW) aannnsdiunazdnitn flusfiunay
luitugs wineliAnamuaniasseyuau msifoilFalingusrasdifiomssduiivmnsauvesnisld
POW 1Buunaslusfiunaunulantu (FM) Tuemsialy Tagldlnluiuglalatusiad eng 48 dUav
I3 600 67 uuseandu 5 ngue av 3 %19 ax 40 § L?:aﬂuﬂsaﬁmwwﬁia; 4 ¢/n5e Faoglu
15950uta fMeszUU Evaporative cooling system ldLLﬁiaSﬂéjmlﬁ%Uaﬁﬁﬂiﬁﬁ POW aunu FM Tu
gn381M155EAU 0, 25, 50, 75 Uag 100% Imavlﬂqmﬁmiﬂ%uiﬂiﬁuiﬁm’]ﬁuﬁ" 16% @ ME &
U%mmqﬁummzﬁumﬂ% POW n1svaaesldnu Completely randomized design naas iy
nan 24 §Uasi Usngd Pow dildanlssnudunazliideludmindodnl Weludsnnels
L3I 30 psi gaumgdl 135° @ WAt 5 unit udauneuliuds fusdu lusu 1Wely wazid
Wiy 66.10, 24.80, 0.37 uaz 5.19% of air dry Audwu FswuindlusAuaslusiugendn usfich
Ana1 FM iileth POW Luldmeunu FM fiszsu 75 wag 100% fnavilyinananly ganiwlddu
auuuarauLdunswenddenlddosas luvmefitminld uasdunuaremssonisudel
avuoghaiiddadadleutunguaiuay (P<0.05) Tneasy POW annsaldvauny Fv Tugwng
lrlvszozaoutansendlageaniisyiu 50% laglsifnaidosefununisuan aunwly uaznnsli
HaKAnlY
fdndny: ideiedodludnitn Yardu Inld aussanimmsedn aaamly

Abstract

Poultry offal waste (POW) containing high protein and fat, from poultry
slaughterhouses creates a pollution problem in the community. This study aimed to assess
the optimum level of POW as a protein source to substitute fish meal (FM) in laying hen diet.
Six hundred heads of 48-week-old HyLine Brown laying hens were used in a completely
randomized design experiment of 24 weeks long. The hens were randomly divided into 5
treatments with 3 replicates per treatment. Each replicate consisted of 40 birds randomly
placed in battery wire cages which contained 4 heads/cage in an Evaporative cooling house.
Experimental diets were 0, 25, 50, 75 and 100% of POW substitution for FM. All diets were
adjusted to be iso- nitrogenous at 16% CP. It was found that POW from a broiler
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slaughterhouse in Chiang Mai, was autoclaved at 30 psi, 135 °C for 5 minutes, and then was
dried in a hot air oven, with air dry basis 66.10% CP, 0.37% CF and 5.19% EE. It had higher
CP and EE, but lower ash than FM. The use of 75 and 100% POW to substitute FM decreased
egg production, eggshell thickness and eggshell breaking strength, while feed cost per dozen
eggs and egg weight were significantly higher as compared to the control group (P<0.05). In
conclusion, POW can be used to substitute FM in laying hen diets, during the last period
before culling, up to 50% without adverse effect on production cost, egg quality and egg
production.

Keywords: poultry offal waste, fish meal, laying hen, production performance, egg quality
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Uauduunadusiuiidenldlunsudnemsiale uiniivatuinesinisuasuvusig
$nqdug wu g3 wlivu unauds nseazden Wasnneslu wisiawiudenvies divaly
yiadlulFanitueraazshlduaoanesa mnnsaouluiilusedugs (Srikijkasemwat et al,
2016) nsdiilssnulduanitliansinazsonfundelusnamnn Wewinnsianudeduiivan
Alsituedoniuilaglifimsuenauninuesingiiu (Department of Industrial Works [DIW], 2012)
ilivandudiléify flusiuen AU3uaange wenvniisaiinszuasaserinannsldvatuly
onsdnt esngninadeinduaivenilsvesnmsvhareninensdadiuasdunsug e
ninensUafiusmsvesyed mneUaasugisvuiadndiuiuinngnivlnetadaeii
Ussnadandlvduasiimndnuaiy (Plaipetch, 2014) Mndeuludsiingauvilidnisainnisel
Imslivartulugasomisdniazanas lususiiersulaufasdinagaduaunisnauaau
wuity msldundsemsdniiliudstuiuunasemsveauywe (Hosseinzadeh et al, 2010) 819
Wumadenlmilunslilusudusunuiivatilugasensla wu nawasglsininnstiuvasuas
AnwsawINgnidn (Salami, 1997) Lﬁ'aﬁmﬂmmﬁmé’miﬂmﬁamsﬁinmmmwé Ml aNa
wasglaannszuiumstiurazuazanuasendudiuiuiin (Cayan & Sahin, 2021) ﬁﬁqd’mﬁﬁu
167 warduiinulalle (Udedibie et al, 1988) wiwindeainsosludnidn (Poultry offal waste; POW)
\Dunilsnanasslfvioduvondsildannsdiuvazuaznisudssu Tnsduiiaulaldvesdnidn
Gun nszanzin nszmnzass alddn Sldng 166 Dudu Fedanunsarluldlfanusslovd
sold (Sahraei et al, 2012) uananii POW Saduingiivgaamgsdsusznaudie Tusiu 60%
Tagiu 17% wagia1 15% DM (Ravindran & Blair, 1993) Potter & Fuller (1967) N@17731 LAWLAAD
Nndnidnddnwagnanieamunizdmsunanluomsdnd dmsunisit POW unldduunas
Wstiuluemnsinledsldfins@nwlutszme uiluinsUssmasinisldvanessnuiivsiamseld
\uomnsTulalyle TaglineliiAnnaids 1wu Udedibie et al. (1988) 19 PO lugmsemslalyd
S¥U 0%, 10%, 15% Way 20% duavilinmindiug unusedu POW ﬁLﬁu%u’Luqmmmi
uenanimsranlduarUsyansanmsldormsatunussdunsifia POW lugnsemns Samli et
al. (2006) Anwlulalasiugluiud 1wl eng 40 &awi wuinanansald Pow ¥iseiu 10% way
5% audiy nglifinaidesoaussnnimnisudnly auainly uasduyulunisides isika et al
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(2006) 19 POW naunulaivuitszsu 0%, 50% waz 100% lulnlalassiul usiy Usinganbud
naldesenandnly AnuvuveuUdenty Usinaewnsiiau uay Sisnisidsueaduly
AMULANANSIINT IS AR Ui UsEIma saua POW Tldlundeiilaifdruves giblet (e
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pow ildnaaedundsdidumundoiniodudnidnnnlsnudumsuasdaudaielily
FJriadedlvl FeUsenaudienseimein nszmnzase S11EEN (Unsdaw) 18R aldlng wavsu
g1 1thunedelagian1sils Autoclave Jackson & Fulton, 1971) aneldusasudi 30 psi BaunQil
135 perniwaldoa Wua1 5 il shnnsnsesusndiuveniioanly 11 POW leulursegou
Audouigamgil 60 esmwaidvaidunan 2 Suvdoauninasuis vinisunaziBen 1 POW uay
pIMINARDN 5 gns lUTnsgiauAm1se1s SesznoudaeTnguits (OM) TWsRusau (Crude
Protein; CP) 1 8les2u (Crude Fiber; CF) lusiu (Ether Extract; EE) mu35#8198¢14Tae AOAC
(AOAC, 1990) wagiiaszsiamndsanulagldinias Isoperibol bomb calorimeter U AC500 nau
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TNUNUNTVIAGRIMUUFNANYTD! (Completely randomized design; CRD) Tgldluanesiug
lglavl ustd 01y 48 dUa1i S1uau 600 1 i sslunseiugtesas 4§ agmelulsneullyd
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sromnsgniuensenandusounslsl etestulalilingudutiumfueims shnsiulalann
fuiiian 08.00, 12.00 u. uaz 16.00 u. Wildneassldsueims 5 gns Table 1 fall ngudl 1 nau
muAuldfuemnslall POW daunguil 2-5 l6¥uemnsitl POW unuiivariulugaseimssedu
25, 50, 75 Waw 100% nsAnwEldURTRRTermusasstUssnslFER Ao umeinenmans
(Ffinuns) vasemensaunsguanind suaslddn i enuminermans ausinunsamans
uvinerdeiBeslu @il AG02002/2565 dwsur ME was POW fildmurailugnsemsmeass
adaildAn 4038.79 kcalkg Bsdnul3lae Pingkasun et al., (Toyapgseninan1safium)
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uulayniu drudwiinlviade ﬁuﬁﬂﬁ]’lﬂﬁﬂuquﬁﬂﬂWENGUENLLGiaS"{Jg’ﬂu 3 JUAATINEVDIARL YIS
(T29a¢ 28 $u) MndusuauABnalY Yinaewnsiitudentssdely 1 nn. viesemandnld 1 v
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WU

imstuiindeya aunmle laud Arseredn (Haugh unit) Armudaunsaddenls A
galivn awmudents dhutnlyen dudnluues dviinudenls waedlues Sufinainduau
19 5 wosvasusiazslu 3 Sugavinevesusazaas (Fufl 26, 27 uay 28) lngldinTosinnmanly
dnluiifssuuAdnea (Digital Egg Tester 3u DET 6000) TngazSnuiminly Argeflylin Ay
ufaunsaddenls anugsliun wazdliuna druanumundenltfiaenieviuiudenldesn Sase
1309 Dial thickness gauge Tne¥aann 3 fumisie fuuvan dudhe wazdutiu 9nduade
Jupnumudenliveusazves

Urdeyaaussanmnisudauazanninlinidinseia1auuusysiu (Analysis of
variance; ANOVA) Tagldnunismaasaiuudy wasiuiouifisuanuunnineszninadiedsveus
azﬂa:mﬁﬁaa%‘ Duncan’s New Multiple Range Test

Table 1 Feed formulation and nutrient composition of experimental laying hen diet
containing poultry offal waste (POW) substituted to fish meal (FM) at different levels.

POW in diet (%) 0 2 4 6 8
POW substituted to FM (%) 0 25 50 75 100
Ingredients”:

Ground yellow corn grain 59.35 59.43 59.52 59.61 59.70
Rice bran 12.00 12.00 12.00 12.00 12.00
Soybean meal (44% CP) 11.77 11.48 11.18 10.87 10.60
Fish meal (61% CP) 8.00 6.00 4.00 2.00 0.00
POW (66% CP) 0.00 2.00 4.00 6.00 8.00
Salt 0.25 0.25 0.25 0.25 0.25
DL-Methionine 0.10 0.12 0.13 0.14 0.15
L-Lysine 0.00 0.02 0.05 0.08 0.10
Dicalcium phosphate (14% P) 0.83 1.00 1.17 1.35 1.45
Calcium carbonate (38% Ca) 7.20 7.20 7.20 7.20 7.25
Premix” 0.50 0.50 0.50 0.50 0.50

Total 100.00 100.00 100.00 100.00 100.00
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Calculated chemical composition (% air dry basis)

Crude protein 16.10 16.11 16.13 16.13 16.16
Ether extract 3.41 3.97 3.53 4.63 5.10
Crude fiber 5.35 5.35 591 5.39 5.38
Crude ash 14.60 13.62 13.19 12.70 13.08
Metabolizable energy 2,849 2,868 2,886 2,904 2,922
(kcalZkg)

Feed price (THB/kg)” 13.34 13.44 13.54 13.64 13.73

Y All diets were added on top 0.002% canthaxanthin pigment.

“mg/ke feed unless otherwise noted: Vitamin; A 12,000 U, D5 2,400 IU, E 8, K5 2, B; 1, B, 4, Bg 3, By, 0.01,
Nicotinic acid 15, Pantothenic acid 9.5, Folic acid 0.5, Biotin 0.09, Choline chloride 65.25: Minerals; Fe 60, Cu
6, Mn 60, Zn 40, 1 0.35, Se 0.01; Favoring agent 25 and Preservative 6.25.

¥ Ingredient cost (THB/kg air dry): Ground yellow corn grain 10.30, Rice bran 10.20, Soybean meal 19.20, Fish
meal 38.40, POW 43.48, DL-Met 67.00, L-Lys 62.00, Dicalcium phosphate 12.00, Calcium carbonate 1.80, Salt
4.90, Vitamin-mineral premix 64.00

NAaNTSANEILazI5al

asAUsznaumslnvusvaaAuvideiaIasludaiin

31NN193LAT18MBIAUTENBUNILAYUL YOI POW Wu31 d9ngusis (Dry matter; DM )
93.51% drulnwurdudadudearuos Air dry fall TUsAy 66.10% lusfu 24.80% Eale 0.37%
11 5.19% waswsaausianue (GE) 5,8734 kcalZkg wandl3luTable 2 agiiulain POW HuUSunu
Tusiu waglviuludndruiigeinitanduussunn 5% uaz 16% mud iy (66.10% vs 61.28% uaz
24.80% vs 8.89% air dry mugIRU) uaidsngt Fauansirfidiuesussiainin Medenaidu
szUaduildmvesnsegniazinaansansie Seinlifiussinlagianizensdaunaidosuay
woane¥aganin POW dwiue1 GE wuin POW fengandnantusin edidesunanitlasiuly
dnduiigeninnmn

Table 2 Nutrient chemical composition of POW compared to FM (air dry basis).

Composition poOW" FMmY
Dry matter (%) 93.51 90.69
Crude protein (%) 66.10 61.28
Crude fat (%) 24.80 8.89
Crude ash (%) 5.19 21.21
Crude fiber (%) 0.37 0.09
Gross energy 5,874 3,894

(kcalZkg)
Y Analyzed at feed laboratory, Department of Animal and Aquatic Sciences, Faculty of Agriculture, Chiang
Mai University.
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wan sty POW unuiivatuluemsialafissdusineg WWuseey 6 dew uanslilu Table 3
Usng i willdfuemnsldanasednsiifudidnds (P<0.01) mumsifinszdu POW Tugnsovns @
vilinandslvanaseafifudifyds (P<0.01) msfiviinmemsiinuvedlilinguiildsuomsd
POW sindnnguniuauu o1adianngfosningnsernnsiia POW il GE gsndnvantu dauansly
Table 2 Fefinavhlsindanuldusslond (VE) getuniunindiu POW lugasemsdae (Table 1)
lng POW 2gdlAn GE 89031 FM Usesnny 1,980 kealkg (Teyangseninsansiiiun) livaassds
Ausmsldanauiloifiuszdunsly Pow lugnsenms aeandesdiu Mbajiorsu et al. (2011) 7
s3I ligAuensmutiinamdsnuiisemedesns Welswdnumnudesnisudiliazngs
Auawns mswgduimnalusiuiuliléfudetu Felusumanammusiuuemisiau gl
winswasion1sunlUlonaalY (Tangtaweewipat & Cheva-lsarakul, 1991) @anaassiu Samli et al.
(2006) AlFFENWINTIY POW TAszdiu 0, 5 waz 10% Tuonslald wuiwandnlvanasmuszduns
14 POW lupns msfiandnlduazUinuensiifuanaadlelionnsid Pow aunsinuiads
# Wnadnudstusioauues Hosseinzadeh et al. (2010) #ifnwANSl4 POW S8 0, 2.5, 5.0 wax
7.5% nawnunisiduarduluemsialy Ysingin nasld Pow Tuemsnnseavlisinaidese
wawdnlailelisuiunguaiuas (P>0.05) faileraiosnmsinundingn fnsusuaunaves ME
Tiwidunnngy 3dlidwmadouinmevnsifusas Usinalusiuiudlaldfudetu iethaunald
wazUTunaosiau ludumdasnsldens (Feed conversion ratio) wuin nsld Pow Tu
onslalinnseiutaeliansnanisldomsdentsndnld 1 nnvde 1 va Aludeifieutungy
AN (P<0.05) @anndasfusea1utes Udedibie et al. (1988) #iléld POW LHuunaslusivlu
oslalufisedu 0, 10, 15 uag 20% nud1 POW luemnslalinnseduiidasinisldomsiinis
nauauay dnsumadiuiminld wui Sowaifstuedisitedidny (P<0.05) lunguilld Pow
wuitvaniulugnsenssedu 75 uaz 100% Weifsuiunguasuau erenandnly uay
iminlylumannaldaumaiildanns@nwadsd wuiwmnngalinaliuandeiu (P>0.05)
dmiudunuremsdenandnly 1 Iua Usingin nauiild POW fiszsu 75 uag 100% Jdunu
Aemsnonananltifiut uegeiitfuddy (P<0.05) aifisuiunduaiugu Vdidesandunu
Aevnsserandaly 1 va liannsdunsmemsgusisiinaensiny desansuuues
pvnSiuTunusERUnSlE POW fe 13.34, 13.44, 13.54, 13.64 Lay 13.73 UI/nN. ANUE0U
(Table 1) Faduannglinguilld POW sefu 75 uag 100% duyuatomsdenandnly 1 Tva
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Table 3 Production performance of laying hens fed diet containing varying level of POW

during 48-72 weeks of age.

POW in diet (%) 0 2 a4 6 8 P-  SEM
POW substituted to FM (%) 0 25 50 75 100  value
Hen day egg production (%)  87.23*  87.02°  87.23°  86.59°  86.48° 0.001 0.090
Egg weight (g) 58.58° 5930 5859  59.59°  59.66° 0.014 0.153
Fgg mass (g/day) 51.10  51.60 51.11 5160  51.60 0.174 0.094
Feed intake (g/day) 110.25° 109.30° 108.59° 108.03“ 107.61¢ 0.001 0.261
Feed conversion ratio
(kg feed /kg egg) 2.16° 212 2.13° 2.09° 208" 0.001 0.007
(kg feed /dozen eggs) 1.51° 1.50% 1.49° 1.50° 1.49°  0.003 0.009
Feed cost per
dozen eggs (THB) 20.23°  2025° 2023 20.42° 2050 0.011 0.036
Kg egg (THB) 2877 2846 28.77 2855 2862 0218 0.052
Mortality rate (%) 0.00 0.00 2.50 1.67 1.67 0547  0.029

=d Means in the same row with different superscripts differ significantly (P<0.05).
SEM=standard error of the mean; POW= Poultry offal waste

Anun Il

n15l Pow luemslilunaensyes 6 WeudonmunInly nawanslilu Table 4 Usingin
lsifnaidestognunmlaluduimdndenld dhntnldnn mougsldvn meefyin wasiminle
une uiendldunaiiarududunussdunindia POW Tuemmns (P<0.05) aenAdofuTenuTes
Hosseinzadeh et al. (2010) 7il4 POW luemnslilafisedu 0, 2.5, 5.0 uag 7.5% inavhlidlaung
dintu Tasanznisld POW sedy 7.5% fedldunsganinfisedudu nelivmpaduinaladuly
POW p1aiuamguesnsiivdvedliunanse dromumsgadudadainemns dduliunsasd
Tsiunaylutuduesiusznou (Lokaewmanee et al, 2016) aghslsfnnisiiinseiunsly Pow &
wavilviaeumuazauudsunsaveadenlvanamumsiia POW luens tnstamznnsld
POW wiufivanusesiu 75 uag 100% fanuuandnsainngumunuogisiildidny (P<0.05) oils
fifedunalginflevuanedalniu prununudenliavanasdsdenndasiu Olugbermi et al
(2010) i dwidnlvasfianuduiusundufuanumndents Saliuavinlinsly Pow
uwuivausEiU 75 wag 100% fnnamunddenlduazanuudunisveaudenlidesninngudu
uenniionafianveiiesain POW fussmtiosndn FM 8ndae susngdrdidishnindldna
w el Table 2
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Table 4 Egg quality of laying hens feed diet containing varying level of POW during 48-72

weeks of age.

POW in diet (%) 0 2 4 6 8  P-value SEM
POW substituted to FM (%) 0 25 50 75 100

Shell weight (g) 6.40 6.38 6.48 6.46 6.36 0913  0.040
Yolk weight (g) 1606 1612 1608 1619 1617 0882  0.042
Alburmen weight (g) 3681 3739  37.02 3716 3710  0.657  0.113
Alburmen height (mm) 9.12 9.03 9.11 9.03 908 0425 0018
Haugh unit 9512 9467 9485 9491 9506 0229  0.067
Egg yolk color (Score)” 10.36°  10.45°  10.63° 10.73° 10.92° 0.000  0.057
Egg shell thickness (mm) 0.385°  0.385° 0.382°° 0.378" 0377° 0011  0.001
Egg shell strength (kg/cm?) 4.39° 4.42°  434* 427" 42¢® 0018  0.022

Y Roche yolk color fan
=d Means in the same row with different superscripts differ significantly (P<0.05).
SEM=standard error of the mean; POW= Poultry offal waste

a3unansAnen

314 POW naunutartulusmslalifisedu 0%, 25% waz 50% Lifinadeanssonm
nswanlduagdunuaAtovsienisnanle Weiflsuiungueunu uwinisld POW sy 75 was
100% finavinlvinandnle auanldduanuvuinazauuiunisvenudenlidesas luvaed
Funuetemssonisndnld 1 e uazihniinldgeluegsdivuddgidodisutunguaiugu
(P<0.05) MAdpiaguléin anseld Pow Huuwadusiunaunulaniulugnsoimsiilissos
rouvanszndldgegaisedu 500 lnglifinaidesiosuunisudn mslinandnuazaanmle
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