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Abstract

The high protein content of black fly larvae could replace alternative sources of
protein in animal feed. Therefore, the purpose of this study was to study the effect of the
use of black soldier fly larvae in laying hen diet on egg quality and to study the effect of
utilization of black soldier fly larvae in laying hen diet on sensory properties of eggs in
laying hens raised in open houses. One hundred laying hens classified into 4 groups by 25
hens. Laying hens were randomly tested in 4 diets: fish meal (FSH), soybean meal (SQY),
soybean meal and 2% of black soldier fly larvae (BS2) and soybean meal and 5% of black
soldier fly larvae (BS5). Study duration is 8 weeks. The 4x8 factorial in CRD experiment was
used and mean difference comparison by Duncan method. The results showed that feed
type effected on total weight, eggshell color, eggshell thickness, albumin weight, yolk
weight, eggshell weight, Haugh unit and yolk color was statistically significant. Broiled eggs
from laying hens fed with a diet containing black soldier fly larvae had better sensory
property scores than those fed laying hens fed with other diets (P<0.01). In addition, broiled
eggs from laying hens fed with a diet containing black soldier fly larvae had no statistically
significantly from sensory property scores than those fed with fish meal and soybean meal.
The results of this study indicated that the black soldier fly larvae can be used as a protein

substitute in laying hen diets.

Keywords : Protein source, black soldier fly larvae, laying hen
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[ a

' v o % ~ & v a a ¢ Y A o v o
MuoUNBULIANLA (Pre-Pupae) Mdeanlgianvuzdunidanaiigay et ldiluingfiv

U 6§ o % dy 1 U 'S d' 1 a.'/ = ’6’ o QIJ
psdnidmsuidesinlueny 24 et ludsewmeadUu lnenaununindindeauasindun?
widewhevueukiasiuasluUiinm 10 Wesidudvesgnsomis mnmsfinwinudn nsldviueu
WUASTUNANDINTAR AN UNINANERIwazUNTUNMAee liTiaukansnefulun1satfnglu
Seweasdmindudla snsnistinands augeves villi kaganudnues crypts wanaNdds
PUIT N5HA LIAIED I THNANTEHLAUBUN DU NS danavintintnlavienas drundnlavn
AUMUIUERN ANUEadlUYTd LarTEAULARBENIINNTT DIMTHANNLOUTLEENUDY Lavn1T

LB ILNIND INABILAT UL UNLYADS

Mohammed et al. (2016) @nwnisldnueuuuasiyate (BSFL) \Wuunaslusaudwmsula
lvaneiug Arabian fidsdlunssfuiivnin 200 x 300 wufues lulssmmniads wingumaaes
musyaunsly BSFL luanserns laun 0 Yosidud (mmﬁﬁugm), 1 Wesidus (10 ¢ kg™l uag
5 Wosiud (50 g kg ™) wui1 nsld BSFL ises 5 Uosidud dhouiuussussavBammsnanan
vodlaluld Wewsuiuszdu 1 wWesidud aradunannanusunalusiuluszAugauazseau

NFINUNAT Fensenmanuaenisvedinly wasladuiasulunuuiinunsnesiiluniiegly BSFL

[
=1 [y

meal UanNAINTsEAUUSIAL BSFL MiuTudsdanayinlian FCR indusulusie deo1atdunaun

PnUTinalafuniiegludivueu Salagniludainssimiziiedliaiunsadesla (Bovera et al,,
2016) Sndudedldyaunidluszuumaiuemslunisges dadunisiilafululussduigaiuly
zdanalunstinvinenisgey wazsilumdrialunisldusslevdlaaeslnyuy (Chitsatchapone,

2009) fatuRersseanseislusaslsunalafuluamisdn?

¥ 1
v A v v & v

I@’IEJVT’JI‘ULLéJ'Jﬂ’]ﬁN’S@@W‘VHﬁEﬁWL%%Eﬂﬁ’]%{Uﬁm’JﬂJWQLLUUNQLL@SLLUUQWLNQ F9UUITYN

Aeadestuguwuuveansiionms degradu asatdun (2553) Anwinavesnishiennisdaida
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(Pellet feed) Tuldlytaea1e 50 f4 62 dUaisoaussanINNITHEN WU 805N INARERLY

1 o 1

I Iaaa . 1 gc: v 1 a I 1 I aa 1% &
mmmuuﬂﬂmmm A1 Haught unit LLﬁBF"l’m’WiuﬂlsULﬂaEJGZJEN‘lﬂ‘l“UﬂEjﬂWlﬂUBWWWﬁgﬂLL‘U‘UGQLMﬂN

'
o a

Aannitnlingunfivenmssuwuunsegelitdud Aydamneata

<

nAaandRnInadlinivimueustasiuatedanudululdlunsiunldduwnas
Tsauridalvluemisdnd uwiduslaediuluganinnisldunaddunisidesdnidg limanzay
d115Un15UsInAvesuYEd (Ankamah-Yeboah et al., 2018) 1#8431N91 NG UNT 0T AY1AT

=% &,

Wasull asiudadudnnilslssnunastieiuaulaluSesdsafiununmmnistssamduidaves
P 1 14

NANANAINEN IR IS NAILUTAUINNLUAY

a v . @ ad a ¢l v
nsUspiuaunImmnIsUsTamdula (sensory evaluation) Ww3sn1sm1aIneneansnly
Tun93AT 3A129HE WUARAUNUNBVDIANYALNANN S LAgNSIUTEENAUNENY 5 91nUU
NMTIATIR wazagunaanufiseilasuananuidnvesuyed awnsoudseandu 3 Ussaw

fasialull

1. AISNAFBUAINULANA 19 (discrimination test) WU 988NLT UANTNAABUAINUA 19
(difference test) wazn1snaaaunula (sensitive test) LA A1sEo919 NMsTaseRuAduTivh
Tinausan FeAsnsneaeu ldun NsLUTEULTBUAI8E19e (paired comparison test) N3
Lﬁaﬂﬁaaéwﬁmﬁauﬁ’uéﬁasmé’wﬁqmﬂﬁaaemfj (duo-trio test) Msionsegeiiunnsnsainaiy
#9814 (Triangle test) N5INEIAU (Ranking test) WAz NTNAABUAIULANFAIIINAIDENAIVAY

(Difference-from-control) (Pahumunto, 2009)

2. MINPEeULTINIIAIN (descriptive test) 1WWISMsUszliunun nnIUszamdudantie

Tunsuenuezanuugmaszamdula uaglndeyaseiuaududu (Pahumunto, 2009)

3. MINAFBUANUYDUNIBNTEAUTU (affective test) nageumnuianvesinagauluauy
o Ao A o ¢ v = v o lo & v Yo

ANNYBULAZNISERNSUNdandnA MY {nadeu Ao HuTlaanily ludndudeslasunisilnay
winEdmSUNsANYIMANYeUNIBN1TEaNTUYRIUS InATdAeNEN i (consumer test) 38
M3d1539U3IA (consumer survey) Ingainsaldlanisnsiiaseiiuuidanmnn (qualitative
test) 301 T9UT U (quantitative test) ausauwtsoandu 2 ngu Ao (1) NINAFOUAIUTOU
(paired preference test) lgiin mmﬂ%‘amﬁamﬁ’aadw@Lﬁamm’]mau (paired comparison) A5
a o v . <, £ o
LSUNANAUAINYDU (ranking for preference) lWUAU (2) N15NAABUNITEBUIU (acceptance test)

lALA NMINAERUMBRIIAINTEU (hedonic scaling) kag NSNARBULUU Food action scale test

A1MTUNIINAABURIENTIAIULOU (hedonic scaling) TaaldaLnaluu 9-point hedonic scaling
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1Y

TesunsEausunnd199719 lasaniianuhuinninanady WA nsneasuiiinseauaI1Lia

wolavewuslaa (Pahumunto, 2009)

NN1SANWITES Mohammed et al. (2016) i sussiiiupunnnUssanduiavasly
Infildanulififuemsnmssiunslivueunasiuaglugnsons loun 0 Jedidud (emns
fiug), 1 Wesidud (10 ¢ ke'd) uaz 5 wWeddud (50 ¢ kg Tagldguszifiuitlsirunsiiney
$1uu 30 au AorgsEving 20 e 35 U leeitadeldlunsussiunuawmadsyamduda
Town 5ﬂwmzﬁﬂi’mg (appearance), nau (odor), Snwasiloduia (texture), S@UG (test) hay
ANnuvaulaeTl TduUUNAABUAUYBULULEAING 9 SE6U (9 - Point hedonic scale) Tunsin
aufianelavesiiuilna Tnodmuaazuuy 1-9 anliveusnnigadsveusnniian (1 = dislike
extremely: 9 = like extremely) fisnsnagevde duliadiay 30 oy/amaass Wua 10 und
waziisl il Buiigugiivies Yenwdenlvuastuniseanitu 4 fu ldaduaudum fussidiunneau
weglureslfuomadissdawafioblfiAnnsdeafeiunansuuudeiunas i AuNNg
UseflunandenniinuewnadiSeviesuds  ieliliiAedamaadniaandoy  anwa
msfnwui - msldrueuuuasiuamelugnsomnslussduiifsdudmarlifuilnedaugey

Wsunulue
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UNN 3

A5andun1sIy
ASn1sAtiunnsIvY

dnduazn1sdanisvisy

nsfnwluadaldfunisiusesniseydlamidunslédaiifenumeinemans
wInedemalulagsvusnagITigil IAU-RUS64-01)

nsAnuiaglduallalaiug Lohmann Brown 1y 29 dUn1ii S1uam 100 ¢ deslunss
WA (single-bird cage) Yu1M 20 x 45 x 37 WWURUAT (900 ANTINTURURN/F) ﬁ@?ﬂ@gﬁﬁnm
nanglsasou ﬁi’mm‘miagJJ'ﬁﬁwﬁﬁmqw%’auﬁuam&?ﬂizwmﬂﬁ‘fﬂé’m‘luﬁaLLUUﬁ'WEJ@ (nipple)

Isadeuldidesdnlifidulsasoutavesnuvhsulaly aneldnsquavesavivndnimans mos

[ [

walulagn1sinunswaggnaInnIsunens uningidewmalulagsvuinagissand Jamin
WILUATASOYTET (AxAYA 14.377070, A09A3A 100.611998) Ineldunun1snaassluy 4x8
factorial in CRD (completely randomized design) lnsfnualndadenan fe viavesermisin
19 $1uau 4 gns wariladeses Ae dUnmifinaaouguniwld $1uan 8 afs Feasduuallildfeds
Juaan 91U 25 Mrerline1ms

(%
Y

el ansensfildlunisideddnlignAnnnimelusunsudisazy  FeedLIVE  (2003)
Usgnaugnsownsiviseaulusiudesay 18 Indsnuldusslewila (Metabolizable energy, ME)

Wiy 2,720 kcal ME/kg diet (11.5 MJ ME/kg diet) uae lasuinnfiuuazuions wieanaiuaiy

a o

noin13vadinly mumuugi1ves NRC (1994) Tngimualviviinvesomnsinly Srui 4 gns daail

1 I

nguil 1 owinsiiugiu (FSH) Afiuanduduunaslusfiumen

q
'
=

nquil 2 emsimaunuladumenindiniedlugnsenms (SOY)

q

'
1A

naui 3 ewnsivaumuauiierueuasiuaenseau 2 Wesiiudvewdnsems (BS2)

9

'
1 ]

nauil ¢ ewnsfinauulanuiierieuniasiuaenseau 5 Wesiduiueagnsons (BS5)

9

vuouwasTumonauuuvastUsAuldluemsngunaaes  idumueunsasiuaeszes
AowtFnus (Pre-Pupae) TildFunmeyiaTzinuisensuludmiangammasuns Ssvuou
wiarfuangldnunsyuIunsE@edemsiutareuuiuds  andutllunasidundeieiasun
18819 (Cyclone mill) (Model TWISTER, Retsch GmbH) Wazitasz#eiAlsenoun1elasuInig

(Nutrient Profile) 1035 Proximate analysis 71335789 A.O.A.C (1990) Fanadinsiziosdussnau
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MalaTuINIsleIuNTIRssiandeUiRnsnsziemisdad  (Animal Nutrition
Laboratory) A1AI%NEMIUIE  AMULLNYAT UNINEISULNYATANEN S (Department of Animal

Science, Kasetsart University) fananslu Table 1

Table 1 Chemical nutritional of H. illucens larvae meal

characteristics Amount
Dry matter, % 4.21
Crude protein, % 42.28
Ether extract, % 36.21
Crude fibre, % 7.51
Ash, % 6.88
Calcium, % 2.02
NaCl, % 0.04
ME, calorie/g 6,031.55

densuesduszneunslavusmansvesusulLaiuaeudFsUszneugnse e
TWsunsudsznaugnsomisdnidnsosy Imaﬁehuﬂizﬂa'usuaqmmiu@iazqmuamﬂu Table 2
lngownsyngasilauamaayumansinglagaiu ﬁ’m%’un’ﬁmama’mwﬂﬁiﬁLwiazqmﬁ?u‘[,%mi
nanesaaeile wazsaliadiaasesdadnensdng (Feed pellet machine) (Model V.4
3mm+1HP, dadadanisinens, Thailand) WWiluunna 3 fadumns antulumnuanvseeulius

Aot Ul
A1saANstsasaulnla

T5aSaunltasusilnlvvesunsulalefdnwuzidulsasouiuudn sutnaealsaseu
a 5 1 dl' % U [ = ] a o d‘ U
fnsannnealmiiatastudniainniousn kasin11ens1awasda N ot uLaA AN AL AL DY

Y

i nelulsusoufnainsafe (single-bird cage) UM 20 x 45 x 37 LWUAWNAT TINTIAULRAA

(% [% (%
Y 1Y Y

AIDYUUTUNTIUIAMNTS A 31U 3 Fu Nilszuulmngnlud® (nipple) Usinumniianss wazdsns

91NTRgNUTIUNINNG

willalamnsaunsanuiildegruduiriuszuuingnlul@ lesusadlwainvasavigesisa
Wug Tutae 18.00 w. 91381 22.00 u. (16L:8D) deofunasanisnaass dmsunisliemisuiln

wUseantdu 2 afasiadu Ao 1381 07.00 U. waz 15.00 u. TuUSue1us 110 nsu/f sotu (ASa
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az 55 NSU/d7/51) ndsnlrerrswiliiasaseusesuad vinnisanduinuananlsyantunazii

lamAusruslsnamualuifiusnun nlusewnuly

Table 2 Feed formulation for laying hens

Amount (kg)

Ingredient

FSH! sov! BS2! BS5!
Fish meal 60% 5.00 0.00 0.00 0.00
Soybean meal 44% 21.60 29.90 28.04 24.94
Black soldier fly 0.00 0.00 2.00 5.00
Corn 57.00 57.00 57.00 57.00
Rice bran oil 0.26 1.39 0.84 0.00
Wheat bran 7.35 1.79 2.08 272
DL-Methionine 0.09 0.12 0.00 0.00
Dicalcium phosphate 18% 1.03 2.07 2.09 2.13
Calcium carbonate 7.26 7.19 7.40 7.66
Salt 0.17 0.30 0.30 0.30
Premix 0.25 0.25 0.25 0.25
Total 100.00 100.00 100.00 100.00
Calculated values
Metabolizable energy (cal/g) 2,639.78 2,723.25 2,718.73 2,714.74
Crude protein (%) 18.22 18.05 18.07 18.08
Crude fibre (%) 3.72 3.70 3.75 3.82
Fat (%) 3.22 3.80 3.76 3.70
Calcium (%) 3.50 3.50 3.60 3.72

' FSH = protein source from fish meal, SOY = protein source from soybean meal, BS2 = protein source from SOY

and 2% of dried BSF larvae, and BS5 = protein source from SOY and 5% of dried BSF larvae

nsinaussantwnisnanvaslnly (Egg production performances)

Joyaaussanmmanaavedlnlgniiusiusiudseazdenseluil

1) dmninwesly (Total egg weight; TW) Liusiusiudeyalaenisteuinidnldusaz e

PBULATBITIRINEE 2 ALULS (Model BSA420S, Sartorius, Germany) 91nHuvinnsIuninsala
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(Egg grade) MUTBAMUATDIAIUNIUNINTFIUAUALNYATLAZDWNTUNIYIA NTENTINNUATHAL
annsal (2548) Ingdwuninsaaintvdnnealy auisawuseandu 5 1nTa A9il
Wwas 0 unIuly Y1UINUINNT 70 ASY

Wwes 1 vualvegiitey Uil 65 69 70 A3

Wwes 2 vualngy danin 60 Fe 65 n3u
LWos 3 BUIANANS vl 55 9 60 N
was 4 YuaLan Ywidn 50 B 55
o3 5 1M Yhuidn 45 8350 n3a

ANl (Egg Quality)

¥ 4
41' [J <

< W I ' a v v ' [y '3 [y ¢ &
ﬂ'ﬁLﬂ'UGI'JE]El'NVLGULW 'J"\]EJIUV’WQU Vl']ﬂqiLﬂUVLGUV!ﬂﬁU@’]W lngnagaudunviay 1 ASY naen

1Y

szezaINsin Tngthunduundnwaunimnsneuenuazniely fsil

1. futigunsala (Egg shape index, SI) mldannaAraunivesedly (mm) wazaiy

gvaealy (mm)

E, (mm)
Egg shape index, % = Yolk index, % = —— x 100
E, (mm)

Lﬁa; E,, Wnuaunievesnedly (egg width)

E, wnuaueiveneld (egg length)

2. undnildenla (egg shell weight; SW) Wwanidnlawd (Albumin weight; AW) waz
wndnluwas (Yolk weight; YW) gnifiusausaulaenisdainningae wnieadsidnes 2 suns

(Model BSA420S, Sartorius, Germany)

3. anunuUaenla (Shell thickness; ST) laun anunuUdenladiutans (egg shell
thickness at tip; STT) anunruLUdenludiunans (egg shell thickness at middle; STM) A3
wuUaenladiugiu (egg shell thickness at base; STB) wavmumuLUdenlaade (average of
egg shell thickness; STA) gﬂ"’;’mwmmwmLﬂﬁaﬂlﬂiﬁwm%ﬂ QCT - shell thickness

micrometers (TSS, England)

4. anwagdlaanla (Shell color; SO) taun dwasnlaugdiulans (egg shell color at tip,
SCT) Awdenludiunans (egg shell color at middle; SCM) Awdanladiugiu (egg shell color at
base; SCB) wazdiUdenlvade (average of egg shell color; SCA) gninAIN1sATIoUYDILALAY

Lﬁusﬁ’agaé’amﬂ%aq QCR - shell colour reflectometer (TSS, England) @smannslaid Tansagyiou
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YDIAILAE A AUATA R NUNITALNDULAINTEAU 0 WasHUs LaravIMNUNITaLY o ULAINTEAU
100 WasiGus (Roberts et al., 2013)

5. dnwaznunmngluvledly Taua arugeldvn (albumin height) ArAuanivaives
19 (Haugh unit; HU) wagdlauas (Yolk color; YC) gﬂ"’;’mmé’aamdﬁ"aq Egg multitester, EMT (EMT-
7300, TOUHOKU RHYTHM CO.,LTD, Japan) ngldgns Haugh unit = 100 x log (H-1.7W**7+7.6)

n1sUssliunun MU sEEmENRE (Sensory evaluation)

Tuyn 9 danvinasanismaasy azviinsduinuimeddlulidiuiu 10 Wey/nquneaes
deldluvssiiugunmvnaszamduita  Tagldimaaeufiiiumsiindunds  9inanwnin
WeeanskazmAlulagnisems  AnsmnAlLlagnISNYATATRAMNTIUNYAT  NNTINeTEY
wAlulagsvusnagITsigil audnuns Jmdansyuasasegsel Uil 8 AU fevilnnaudR Ao
1) lifiuiaunfshussuulszamduda 2) Tguamd Lilsauszdi bivewnsildluns
naaey uazliguys 3) fienunsyiesoduiidesnsavidnsummeasy uazlifiendln o sonns
VAdeU  4) TAMUAHNTOLUNTNITTUWIANGNUENNUTEAAUNE 81015090V ILASLINUEE
Audnuziuguld way 5) fauansalunisliezuulasusenenaile 4 1938msUsadu
AunMMIUsTamdulavedldlildisnisneaeuidanssaun  (Generic  descriptive  analysis
technique) TngldnaurinisiansanazuunlusuiuurestoyaiBe3ua (Quantitative data) lag

(%
Y

JTupaunIsaiuay fana kUl

[

1) MAUAAIANNLAZAIINNAANUN LT IUNNTESUI8aN WL NUS L AMAURESINAY LAy

AnuawwInstunsissauanuduvesnuidndudimide

2) Guiineuganuianieniudnuaedng 9 neUssamdudaniiegludiiogne laun

Y

anwzUIINg (appearance) Wadura (texture) ndusa (flavor) WagAusanANANY (aftertaste)

[y v o

3) @iun135u3 (order of perception) dnanAuANIANTITUSludNYEMsTAMAUTa

VBIFIDEYN NINBUTL VLU UALMATNMIBE 19U AUTANLI YTBVLFAAD WWuduy

4) IaguuuAUTNYRI NYUEN U TEaNEUNaveiI0g1e (intensity) Uaduamnimuy

[%
a a Y v

ANALUULEUATIENT 15 wuiuns (Meilgard et al,, 1999) AMVUAAFUAATAYOUVBIAUA UG

9

wazvIeuay 1.0 . iesyyldurisiga (minimum) uarA1gedn (maximum) #1u3Sves

Meilgard et al. (1999) Winzuuunanuusmaseamduiavedlulnlaevinaewmane | asuudy
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USauiideans  Jeyansuuusinangniameldussiaina 1 Safuns  deduiinteyauas

IpszvAmeEdfnely

thlalaiusnunliludiuiigamadl 4 °C wdeufuvhdgydnuaisiaasuudenlaiiossy
nauvnaesvasldliudasnles thlvldmnduluduienfuna 10 Wit ndminasunaiidimun
Tuhiudnduna 2 uii ndndulenddenuazdnds Tasusnvaaoussving luuas uazly
ylunvuginisinaansviallagldlvgnaaeunsuiluliusaznesionduneaedla auisves
tufign wazame (2565) Famsuszifiuauninnaszamduiaszusnnaaeuiiazauuaz
AlunsUssfiunandniiniuemisiuseudeswds wWelilfiiadymnadnsanndou

(Mohammed et al., 2016)

IuunAuanvagnUszaduiavedliriuaslinuny d1uiu 18 Aadnuae  JaWUS

sanlu 4 nquanvue Ao anwazUsng (appearance) Woduia (texture) ndusd (flavor) waw
Ve v Y a 1 . .

ANUIANANANY (aftertaste) wananiifainisuszidiuniseensulaesiu (overall impression) lag
a ) q' Yy W cs' 0 o am 1
nduvesanuaeusng taun dnwaeiiusingdmsudlivn (appearance of albumen color;
ALQ), FnuwaugNUsnndmsuaue1iuedlau (appearance of albumen shine; ALS), anwade
sngdmsumuaiveslivny (appearance of albumen juiciness; ALJ), dnwausnusing
dmsuanuRaUnfvedliunn (appearance of abnormal albumen; ALA), ansaziusIngdmsu
dluune (appearance of yolk color; AYC) uaz anwaueiusingdmsununszasvedliung
(appearance of yolk roughness; AYR) lutuzanuwuziloduia laun anvuziloduiadniu
AN UULLRURIlYY (texture of albumen firmness; TAF), dnweauziloduNadnsuniuauau
va9li17 (texture of albumen silkiness; TAS), anwauzlladuNad1nsUAUITUYDIbULA

(texture of yolk oiliness; TYO) wag anwuzllledunadinsuauilnienduvedluung (texture of

(% '
Y [ a

yolk adhesiveness; TYA) 8nvi dnwaiznausa Lo Snvagndusadmsuamnuailden flavor
of albumen odor intensity; FAQ), SnwarnausadvsumuanUnivesnausaldsn (flavor of
albumen off-flavor: FAF), dnwaiznausadmsunnudulaung (flavor of yolk saltiness; FYS),
Snuwaznausadmsuruanlauas (flavor of yolk odor intensity; FYO) way dnwauwnausa
dwsumnuRnUnivesnausaliune (flavor of yolk off-flavor; FYF) wonani aNYMEAIUIAN
pnmsdrsuAusuladauUnuesluuny (aftertaste albumen oiliness; SAO) Way Snwaly
AusAnanAsdmuanuduadouUnvedliung (aftertaste yolk oiliness; SYO) waganviny

anwzn138aNTulnTIn (overall impression; IMP) #3598l UTIQN WazAnE (2565)
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Table 3 Sensory parameters of the egg sensory evaluation

Sensory parameters

Description

Albumen color (ALC)
Albumen shine (ALS)

Appearance

Albumen juiciness (ALJ)

Albumen abnormal (ALA)

Yolk color (AYQ)

Yolk roughness (AYR)
Albumen firmness (TAF)
Albumen silkiness (TAS)
Yolk oiliness (TYO)

Yolk adhesiveness (TYA)

Texture

Flavor Albumen odor intensity (TAO)
Albumen off-flavor (FAF)
Yolk saltiness (FYS)

Yolk odor intensity (FYO)
Yolk off-flavor (FYF)

Albumen oiliness (SAO)

Yolk oiliness (SYO)

Aftertaste

Overall impression (IMP)

Overall color under fluorescent light from white to yellow
Overall surface shine under fluorescent light

Visible Juiciness on surface, evaluated by looking
Abnormalities on the surface of the albumen, such as blood
spots or meat spots

Overall color under fluorescent light from yellow to orange
Visible roughness on surface, evaluated by looking
Resistance force when pressing sample with molar tooth
Silky sensation when the albumen touches the tongue
Oily feeling in the mouth during chewing of the sample
The strength when pressing the sample with the tooth to
change the shape of the sample.

The intensity of the particular odor of the albumen
Abnormal sensation of smell during chewing samples
Sensation of saltiness during the chewing of the sample
The intensity of the particular odor of egg yolk.

Abnormal sensation of smell during chewing samples

Oily coating sensation in mouth after swallowing sample
Oily coating sensation in mouth after swallowing sample

Panelist’s impression for all sensory parameters

un: dudig dasaus (2565)

ASAATITYNNGERR (Statistical analysis)

v P - o & & w Mo Py H Y] A
ToyatldlunisAnwassluvaludnuasnamenmeeddald  laud  dwidnnesluadey
(Total egg weight; TW), swiigunsaly (Egg shape index; SI), dveadenly (Egg shell color; SC)
wag AuvIveUdenly (Egg shell thickness; ST) uazanuauenagunmvadldln lawn wmnin
l9913 (Albumin weight; AW), Wminlauas (Yolk weight; YW), dhwminiuaenla (Shell weight;
SW), Armauaali (Haugh unit; HU) waz dvedlauns (Yolk color; YO) fignimualmusuys
A1 (Y) dazgniun v seiinsenanuwlsusiu Tnglduuuinass yy, = p + feed type + week
test; + (feed type x week test)y + gy WYATIFBUINTNAAIWIINFMARRA feed type Ad anNT

a a a A % 6 o = 1 =
91N 4 gNT WALAINBNTNAAINIAN week test Aip 8 dUat TdlUsunsudsagUlunsmALaie
dauaas (Least squares means; LSM) AA11AR1AAEBULIATE U (Standard error; SE) kagAd
WANANNNEDNAVIBNENAINTITENAGDY  LATNABUANLANAINTOIALRAEAIEID Duncan’s

New Multiple Range Test (DMRT) fisgfuauifiasiu 95% (p<0.05)
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MsUszdiugmnaUsEavduia (Sensory evaluation) dwsudeyaiildaindneaey
uiazAuRzgnimIAeds Andeauuiasg LarileTEiTANALUsUTIL (analysis of
variance) LLazm'mLmﬂ@hwawﬁLa?{amauwiazﬂejumaaq 1875 Duncan’s New Multiple Range
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Table 4 Descriptive statistics for studied traits

Trait unit Observation ~ Minimum  Maximum Mean Standard

number deviation

Egg total weight (TW) g 681 38.80 67.90 51.66 4.40
Egg shape index (SI) unit 677 69.67 85.12 77.68 2.45
Egg shell color (SC) score 678 12.03 39.83 22.81 4.08
Egg shell thickness (ST) mm 681 0.19 0.48 0.35 0.04
Albumin weight (AW) g 675 23.23 48.09 33.64 3.33
Yolk weight (YW) g 674 8.71 16.39 12.46 1.30
Shell weight (SW) g 680 3.41 7.34 5.56 0.65
Haugh unit (HU) unit 675 52.10 97.50 82.14 7.90
Yolk color (YQO) score 350 6.10 11.30 8.14 0.89

v v v o
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{Ralsnaaeudninasiusenitgnsemuarduaviinaaeu dansly Table 5 Fawuddnsna
sussnstideiseesinasednwaednwedsliddedAgnieda Ml n1sesukE

NSANTINNMTUNREBNTNAVRIgRTR M TUazdUAmIINAFR U



Table 5 Probability value for fixed factors and their interactions
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Trait Feed type Week test Feed type x Week test
Egg total weight (TW) <0.001 <0.001 0.603
Egg shape index (S) 0.433 <0.001 0.965
Egg shell color (SC) 0.037 <0.001 0.997
Egg shell thickness (ST) <0.001 <0.001 0.133
Albumin weight (AW) <0.001 <0.001 0.627
Yolk weight (YW) 0.002 <0.001 0.234
Shell weight (SW) 0.024 <0.001 0.191
Haugh unit (HU) 0.039 <0.001 0.055
Yolk color (YO) 0.001 0.002 0.753

ansomsvatinluiinavividnwaenfnwidanuunnsiuegredidud Aynieadflunn

Anwy oY anwady Sl (Table 5) wazdanudnnduamunnaasutuiinayinlranwue NAnwIl

o w

AMNLANFANAURE 9Tt ARy

[y

quaﬁmuﬂqﬂé’wmgﬁimu P<0.01

Table 6 Least squares means (LSM) and standard errors (SE) of various feed types for the

studied traits

Trait Unit Feed type'
FSH SOY BF2 BF5

Egg total weight (TW) g 51.03+0.30° 53.24+0.34°  51.39+0.31° 50.90+0.31°
Egg shape index () unit 77.46+0.18 77.81+0.20 77.83+0.19 77.79+0.18

Egg shell color (SC) score 23.34+0.29° 22.56+0.30°° 23141030  22.25+0.30°
Egg shell thickness (ST) ~ mm 0.36+0.01° 0.34+0.01° 0.35+0.01° 0.36+0.01%
Albumin weight (AW) g 33.19+0.23" 35.06+0.27° 33.47+0.24° 32.94+0.24°
Yolk weight (YW) g 12.34+0.08" 12.77+0.10° 12.39+0.09" 12.32+0.09"
Shell weight (SW) g 5.53+0.04°° 5.44+0.05" 5.52+0.05% 5.64+0.04°
Haugh unit (HU) unit 81.11+0.47° 82.08+0.53°  82.88+0.48° 82.65+0.48%
Yolk color (YC) score 8.09+0.09" 7.83+0.10° 8.21+0.09%° 8.36+0.09°

! FSH = protein source from fish meal, SOY = protein source from soybean meal, BS2 =

protein source from SOY and 2% of dried BSF larvae, and BS5 = protein source from SOY

and 5% of dried BSF larvae

47 Means in the same row with different superscript letters differ for P < 0.05



25

HANSANwIEMSUBVENaveanTomIsinluNdwareanvazAunmldln (P<0.05) wudn
ansosiilaniivueuwiasivanaludiusenouinadedawmsdmsudnvasdminly ey
Tute 50.90+0.31 (BS5) fia 51.39+0.31 (BS2) n3u umndsaingnsewnsinly FSH eealsidl

v o o a

Weddgmeedia uilldndesningnsemns SOY wiriu 1.85 nfu dmiugnse s BS2 wag 2.34

v
(% o (% [ 1 =

n3u dmiugnsenns BS5 (P<0.05) fuuansly Table 6 Fanadinanildenndeafunanising
dmdudnvasimidnlden ez twidnltuns Snde Tngldliiinueims B2 waz BSS fmin
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Table 7 Least squares means (LSM) and standard errors (SE) of different week tests for the studied traits

Trait Week at test
Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8
Egg total weight (TW) 51.90+0.43° 50.25+0.45%  50.29+0.46%  49.34+0.46° 51.31+0.45°  52.50+0.43" 53.56+0.43*°  53.99+0.43°
Egg shape index (SI) 78.07+0.26™  78.13+0.27% 77.9+0.28%° 78.48+0.28° 77.90+0.27*  77.30+0.26° 77.05+0.26° 76.94+0.26°
Egg shell color (SC) 23.7+0.42° 23.88+0.44° 24.64+0.45° 22.59+0.45°¢  22.47+0.45  22.56+0.42° 21.67+0.43%  21.07+0.42°
Egg shell thickness (ST) 0.35+0.01" 0.34+0.01 0.37+0.01° 0.35+0.01" 0.34+0.01° 0.36+0.01%° 0.37+0.01° 0.35+0.01"
Albumin weight (AW) 34.06+0.34"  33.12+0.36°°  33.07+0.36  32.65+0.36° 33.20+0.36"  34.05+0.34°°  34.48+0.35° 34.70+0.34°
Yolk weight (YW) 12.37+0.12° 12.00+0.13¢ 11.86+0.13%  11.57+0.13° 12.50+0.13"  12.77+0.12° 13.15+0.12° 13.42+0.12°
Shell weight (SW) 5.44+0.06° 5.16+0.07° 5.36+0.07° 5.12+0.07° 5.61+0.07° 5.74+0.06°° 5.91+0.06° 5.92+0.06°
Haugh unit (HU) 85.25+0.67° 80.31+0.71° 87.312+0.72° 86.43+0.72° 75.0120.71°  74.67+0.67° 85.62+0.68" 82.83+0.66"
Yolk color (YC) - - - - 7.97+0.10° 8.06+0.09" 8.43+0.09° 8.02:+0.09"

47¢ Means in the same row with different superscript letters differ for P < 0.05

yX4
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Figure 1 Trend of studied traits in different weeks
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UIZAAN 2 HavaseWTRANANTuiaaN vausMSUsBuAN N IUsEamauraveslyln

Snuaeiidnuuvseondu 4 naudnwe Ao dnwawUsing (appearance) o
(texture) ndusa (flavor) wazeui@nandna (aftertaste) upnAINUSWTIMsUszfiunissensy
Tne533 (overall impression) FsiAneglutag 1.3-11.5, 1.8-11.9, 1.3-11.9, 1.3-13.2, 1.3-11.9 Uy
1.6-12.3 Azuuu dmSudnuaizusing ALC, ALS, ALJ, ALA, AYC uag AYR uazdleglugg 1.3-
13.1, 1.2-12.8, 2.0-12.4, 1.4-12.2 gz 1.4-12.2 azuuu dmsudnvanieduda venanisdan
oglutag 1.3-11.2, 1.2-12.0, 1.3-10.8, 1.6-12.1 wag 1.3-12.2 Azuuu dmiudnwazndusa FAO,
FAF, FYS, FYO wag FYF ’Sﬂﬁ’jaé’qﬁmaauiium 1.2-12.0 uag 2.4-12.3 dmiudnuaeanuiananaa

SAO wag SYO wazanvinedAegludag 1.2-13.8 dwmsumssausulagsiy

Table 8 Sensory properties in albumin egg and egg yolk in different feed types

Feed type' P-
Sensory parameters SEM

FSH SOY BS2 BS5 value

Appearance  Albumen color (ALC) 451° 482° 590° 665 034  <0.001
Albumen shine (ALS) 654 634 735 745 035  0.054

Albumen juiciness (ALJ) 576°  573° 7.2 7.09° 034 0.002

Alburmen abnormal (ALA) 3.40 3.68 3.76 3.90 0.39 0.840

Yolk color (AYC) 477 437 556 475 032  0.070

Yolk roughness (AYR) 612 594 614 578 034  0.857

Texture Albumen firmness (TAF) 6.87 7.07 5.81 6.18 0.38 0.075
Albumen silkiness (TAS) 635 629 706 740 040  0.139

Yolk oiliness (TYO) 815 797 738 744 034  0.288

Yolk adhesiveness (TYA) 637 634 641 620 037  0.980

Flavor Albumen odor intensity (FAO) ~ 5.04°  4.63®° 4.42®® 380° 032  0.048
Albumen off-flavor (FAF) 337 339 338 304 035 0871

Yolk saltiness (FYS) 439 436 412 360 036  0.375

Yolk odor intensity (FYO) 5.86° 507 485" 42d¢° 036  0.020

Yolk off-flavor (FYF) 451 358 350 337 040  0.177

Aftertaste Albumen oiliness (SAQ) 4.80 512 4.97 5.10 0.40 0.937
Yolk oiliness (SYO) 703 742 736 745 031 0762

Overall impression (IMP) 10.62 11.10 10.69 11.38 0.26 0.144

L FSH = protein source from fish meal, SOY = protein source from soybean meal, BS2 = protein source from SOY and

2% of dried BSF larvae, and BS5 = protein source from SOY and 5% of dried BSF larvae
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ALC*
IMP 15.0 ALS
SYO ALJ¥
SAO ALA
FYF AYC
FYO* d AYR
FYS T \ TAF
FAF i TAS
FAO ] TYO

3

—FSH SOY —BS2 —BS5

Figure 2 Spider web for sensory properties' by different feed types?

L ALC = appearance of albumen color, ALS = appearance of albumen shine, ALJ = appearance of albumen juiciness, ALA
= appearance of abnormal albumen, AYC = appearance of yolk color, iag AYR = appearance of yolk roughness, TAF =
texture of albumen firmness, TAS = texture of albumen silkiness, TYO = texture of yolk oiliness, TYA = texture of yolk
adhesiveness, FAO = flavor of albumen odor intensity, FAF = flavor of albumen off-flavor, FYS = flavor of yolk saltiness,
FYO = flavor of yolk odor intensity, FYF = flavor of yolk off-flavor, SAO = aftertaste albumen oiliness, SYO = aftertaste
yolk oiliness, and IMP = overall impression

2FSH = protein source from fish meal, SOY = protein source from soybean meal, BS2 = protein source from SOY and 2%

of dried BSF larvae, and BS5 = protein source from SOY and 5% of dried BSF larvae

Han1sAnwILandly Table 8 wag Figure 1 W WelansandnvazUsngdmsvaluena
(ALO), dnwauzusingdmiuauaniiveslyen (AL), dnwagndusadmsuauanilyun (FAO)
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AANUIN U

Objective 1;

DM 'log;clear;out;clear;’;

DATA BSFHen;

Infile BSFHen.txt' dlim = '09'x firstobs = 2;
Input HIDS Td Tm Ty WkS Trt$ TrtCode$ EggW EWD EL ESI SCT SCM SCB SCA AlbuH HU
YolkC AlbuW AlbuP YolkW YolkP Yolk2Alb ShellW ShellP STT STM STB STA BloodS$ MeatS$;
/

*HID = Hen ID

*Td = Test date

*Tm = Test month

*Ty = Test year

*WK = Week (0,1,2,...)

*EggW = Egg weight

*EWD = Egg width

*EL = Egg Length

*ESI = Egg shape index

*SCT = Shell color at tip

*SCM = Shell color at middle

*SCB = Shell color at base

*SCA = Shell color average

*AlbuH = Albumin height

*HU = Haugh unit

*YolkC = Yolk color

*AlbuW = Albumin width

*AlbuP = Albumin ratio from egg weight
*YolkW = Yolk weight

*YolkP = Yolk ratio from egg weight
*Yolk2Alb = Yolk and Albumin ratio
*ShellW = Shell weight

*ShellP = Shell ratio from egg weight
*STT = Shell thickness at tip



*STM = Shell thickness at middle
*STB = Shell thickness at base
*STA = Shell thickness average
*BloodS = Blood spot

*MeatS = Meat spot

*/

IF Wk = "0" then delete;
IF EWD < 37 then EWD = "";
IF EWD > 46 then EWD = ".";
IF ESI > 88 then ESI = ".";
IF SCM > 40 then SCM ="",
IF SCB > 35 then SCB =".";
IF SCA > 40 then SCA =""
IF YolkW < 8 then YolkwW = ".";
IF YolkP < 18 then YolkP = "";
IF Yolk2Alb < 25 then Yolk2Alb = "."
IF ShellW < 3 then Shellw = "."
IF ShellP < 7 then ShellP =""
IF ShellP > 14 then ShellP =""
IF STB > 0.45 then STB = ".";

*

* —- Descriptive Data Analysis -—;

*

Ve

Proc Sort; by trt;

Proc Freq Data=BSFHen; by trt;
Table Egow;

*/

Ve

IF Wk < 5 then delete;

IF YolkC < 5 then YolkC = "";



Proc Univariate data = BSFHen all;
Var YolkC ;

*/

V.

Proc sort; by wk;

Proc Univariate data = BSFHen all; by wk;
Var EggW ;

*/

/

*__Total data—;

Proc GLM data=BSFHen;
Class Trtcode Trt wk ;

Model EggW AlbuW YolkW ShellW HU YolkC STT STM STB = Trtcode wk ;

LSMeans Trtcode wk/pdiff stderr ;
Means Trtcode wk /duncan;
*LSMeans Trtcode /pdiff stderr adjust=bon;
*/
* for Yolk color trait only;
IF Wk < 5 then delete;
IF YolkC < 5 then YolkC = ".";
*=== Total weeks ===%;
Proc GLM data=BSFHen;
Class Trtcode Trt Wk;
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*Model EggW ESI SCT SCM SCB SCA STT STM STB STA AlbuW YolkW Shellw HU YolkC

= Trt Wk Trt*Wk;

Model YolkC = Trt Wk Trt*Wk;LSMeans Trt Wk Trt*Wk /pdiff stderr;

Means Trt Wk Trt*Wk /duncan;
*LSMeans Trt /pdiff stderr adjust=bon;
Ve
quit;

Run;



Objective 2;

DM 'log;clear;out;clear;’;

DATA SSRBSF;

Infile 'SSRBSF.txt' dlm = '09'x firstobs = 2;

Input IDS Td Tm Ty wks$ trt$ trtalp$ t1 t2 t3 t4 t5 t6 t7 t8 t9 t10 t11 t12 t13 t14 t15 t16

t17 t18;
/*
Td = test date
Tm = test month
Ty = test year
D1 = T.Sunisa
D2 = S.Pimpawee
D3 = S.Nut
D4 = T.Bee
D5 = S.Teerarat
D6 = S.Kwanjira
D7 = S.Pondrat
D8 = S.Chonticha
wk = week at test
rt = Treatment
1 = FHS
2 = SOY
3 = BS2
al = BS5
trtalp = FHS,SOY,BS2,BS5
t1 = Albumin color
t2 = Albumin luster
t3 = Albumin juicy
ta = Albumin abnormal

t5 = Yolk color



t6 = Yolk texture

t7 = Before Albumin Egg taint

t8 = Before Albumin firmness

t9 = Before albumin silkiness

t10 = Before yolk oiliness

t1r = Before yolk egg taint

t12 = Before yolk saltiness

t13 = Before yolk hard to swallow
tl4 = After albumin oiliness

t15 = After albumin abnormal flavour
t16 = After yolk oiliness

t17 = After yolk abnormal flavour
t18 = Overall impression

*/

*IFt7 > 15.0 then t7 =".";
*IF t15 > 15.0 then t15 = "."

/*
Proc summary print;

Var t1 t2 t3 14 t5 t6 t7 t8 t9 t10 t11 t12 t13 t14 t15 t16 t17 t18;
Proc univariate all;

Var t18 ;
*/
e
Proc GLM data=SSRBSF;

Class Trtalp Wk;

Model t1 t2 t3 t4 t5 t6 t7 t8 t9 t10 t11 t12 t13 t14 t15 t16 t17 t18 = Trtalp Wk

Trtalp*Wk ;
LSMeans Trtalp Wk Trtalp*Wk/pdiff stderr ;
Means Trtalp Wk Trtalp*Wk /Duncan;

/*
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Proc GLM data=SSRBSF;
Class Trt Trtalp Wk ID;
Model t1 t2 t3 t4 t5 t6 t7 t8 t9 t10 t11 t12 t13 t14 t15 t16 t17 t18 = Trtalp Wk ID ;
LSMeans Trtalp Wk/pdiff stderr ;
Means Trtalp Wk ID /Duncan;
Quit;

Run;

aa
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