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Taau us121 (Lohmann Brown) neikile 81g 25 dUai §1uau 48 i vinisudangudninaassesndu 4 ngu
nauay 3 $1 4har 4§ emamanes ulseanidu 4 ngun1sMaas IduA nqudl 1 ngueIuAY negative control
nawit 2 nquenuAw positive control Wi TwaLluIngRumdn nduil 3 nduiedalath 1.5 % nquil 4 nduasullaih
3 % MIULHUNINARBIKUUENANYSAl (completely randomized design : CRD) Imalrﬂﬂjnﬂ@T’J%”Lﬁi"ummstmzﬁw
pghadufinaennsmaaes nanisAnymui maaiuliindidmansenuseaussauzasndaly Taesnansling
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aif (p>0.05) ﬁ'w%uﬁlmmwudwﬁmmLﬁm%u‘lumjmﬁLﬁ%ﬂmﬁﬂm 3 % A1 packed Cell Volume (PCV) vaslnlay
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aguldnsldladnduemnslalafissdu 1.5 % uay 3 % anunsaldldlaglinsenudoaussaugnisnasliuay
ANl

uniin

Aoy

VLsulmUummwuwuwm“auﬁiﬂﬂﬁ’uaémméwaw
T,mEJQ’Uﬂ.ﬂﬂummuauuiimlsuldﬁﬁ%maﬂﬂjLLmﬁLsﬁu Fefuanu
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nsusuUgdliaveslaunadutu Inelddaniuaiasig q tieidu
wnasa1sdluemsinlelaudrasiduansddaunsied wu
B-apo-8 -carotenal awnsaldluensldlaiioivdlduasle
a¢13flUszdnsnm lnganzlugy B-apo-8'-carotenal 1%
TndAueny canthaxanthin hay B-apo-S'-carotenoic acid
ethyl ester (B-apo-8-ester) ididunituarivsz@nsninga
a1 arunsaldiduansdudnlue1nislale (European Food
Safety Authority (EFSA), 2009) ﬁamiﬁﬁllﬁmmm‘i’mﬁu
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Bumssaliissanaesiwuadnluasd Lemnaceae wuly
uwdsnuestanFounaaints uiadudindidenaunieiiou
naw fdusuguinans 0.5-15 fadiuns laifisn dadufied
aeguuILANA g s8Iy TUTualusiu (crude protein)
Uszana 30-45 % vedumnuss (Dry matter) dnsnozilly
Fudu (Essential amino acids) 19u ladu wivledu uagviledu
Tusgduflmaneau (Appenroth et al., 2018) finsnludusniy
Wy Towunin-3 (A-linolenic acid) wag lowwn-6 (linoleic acid)
flannsodaeiinannmyesly Wy Wudmusznovvedluhiily
ljunsfivseloniseduilan uenamnidaiiiniu nguiniu A
(nualsiiuews) 3nfiu B-complex 1y 3n1du B1 B2 B6 uay
luen@u Ienfiu E iaesueyyadass wavdaaugiiduiulsity
dnl ualsiused (Carotenoids) Usunas 699.5 lulasnsu/nsu
(Xu etal, 2021) lagianigg M u (Lutein) uay Furuiiu
(Zeaxanthin) Preifidliung wliAduTumusssA Tagll
sodldaduned uazngduvaussmuaaluy (Ca) ieanesa (P)
swan (Fe) wazuuniiFeou (Mg) fdaelunsairaudenladn
se Taeanlusaulndidssiuiumaos uivsualusiuenaazlsl
Asfi asinaned ueg fuuna s iionds (Chantiratikul, et al,
2010b)

nstldthluduemsdmiudesdnid fedunisia
Yualvsauliiiisanesenudeinisvesdnile Ineldidu
onsiesuvdodudiunauluomnsdnd feuenainazifiunisan
Fuvunssdnnds Sudunsiminensluriesduunldliiie
Uselomd Snvhedsaduayuuvadlilusiunmnmilusiosiude
(Thongkham, 2019) a1nnN15A N¥1989 Chantiratikul et al.
(2010a) 1 una slusiuanlysn (Wolffia elobosa) unuunas
Tushumnmndavdeduswnsliideilevssdiunaaussnugnis
wAnuazaan e Tasunuiilusiuannindamdesselusiu
2nlailusedu 0 25 50 uay 75 % HANISNARDINUIINGY
muauiinsAvewns msisarivln sasnsiasuemsidy
dhminds wazamnmendninguitldsulidiunndisegned
Yod1Agn19ads (p<0.05) yuefianmfediifefiaguna
seAumsunud agulddnlimsunuiilusiuannndamdesine
Tdsfuarnla v nfu 25 % luemasia i o asnadasfiy
Chantiratikul et al. (2010¢) AidnwnaveIN1TMALILIUIALDIN
nndaundes (SBM) daeldsauainla v (Wolffia globosa)
soausIaUTLaEANANEINYBIUNNSE Y Tneunuiilusiu
nnindamiestaeTusiuanldth fsedu 0 25 50 waw 75 %
HAN1SNAABINUI U U B IMN5T Auanates 198l Tad Ay
(p<0.05) 1 onaunuiAy 50 % vaugiuszansnmnisldoms
ANTIOULNITHEN wazAmANYINlUwANAITueg 1 lded1Agy
n19adf (p>0.05) AR WA umuszAUNITVAUNL §9910013
nasosaguldhannsaldlusiunlddmaunulusiuannind
widedldfe 50 % luewnsunnszmdUu uenamnidamuiniie
nszgauieafufulauh wu w Sdwtefsdliung desnnd
ualsiusodgs 91nN15ANWIYDS Akter et al. (2011) 71Uy
(Lemna minor L.) vl uunaslusfulugnsermsinlalageds

13 % lnglinsznusdenandnliuaraaninly doiduunaserms
Wsfumadendigeanunsaannislénindamdesld suppadit
et al. (2012) Anw1n15l9 Wolffia arrhiza meal wnunanga
wiaedlusmsunnszmguuly wudrannsaldldlaglinszny
doaussnugnIsuAnuazamnmly Snvisdsefiudlyuns
wansliiiud s@fneninves Wolffia arrhiza Tunisiduunas
TWsAumadon luvaeifin1s@nwives Zakara & Shammout
(2018) AnWIN1SMALNUNINGUNE 09428 Lemna gibba meal
Fadufiamsznaidiatulad fisedu 10 % uag 20 % Tuams
1AlY wan1svaaeanuin nMsmawnuNINdndes e Lemna
gibba meal fiszau 20 % vilinsAue1ms sasnslily uay
waldanas (p<0.05) Fen1snaunuil 10 % lidnansznude
aussousNIsHankasAnNINlY Aldupaiinduegraiitoddy
(p>0.05) usn1sunudigahlinugadealuliuindu n1sld
Lemna gibba meal Igkailusedyu <10 % usszdugeninion
fnaaUsoHANEn (Zakaria & Shammout, 2018)

Fady §iTeTeduuAnilidnldlugnseimslaly
oo oAndudndiudunindundedagszning 10-20 % Lile
Anwinisldlddniuuna sfagfunaunuluemsiildse
aussauznsWan A medly wazailadisingy Seteyails
Mnnuitetdansmilulddusumdumadenasuluoms
dniln waznsAnuiludunisldifuunaddysiumadendu
ngAvemsdniUnsialy

gUnsaluazIsn1sIdY
andneaosusz1ITVnaed

uneaedldlnlyiuslasiu us1al (Lohmann Brown)
91 25 dUni AimwanysaivesTusuazdn L TS
Sudunsmaaesasiianery Sau 48 f Innsdudunisve
sunnlddninaaes taviilueyginlddnivnasy 1avd
AS6607004 wianguldldeendu 4 ndu nquaz 3 §1 s1az 4 i
noasdlulsnFouda ndulildlaynnguldfvomsluusa
NINMAUA AIUUHUNITNAADILUU completely randomized
design (CRD)

wispaslathlaeiulidannunanisssumnd &
Amazonlvuian wazuininuanlneldyuvgivos
wateing gaumgiiegluaie 38 - 42 °C 9341381 10.00 U. fie
15.00 u. tielsihszimeoon ndusulrthliuidlasnisligeu
au¥ou gamgdl 60 °C w1y 6 Falus uazhuusliazdaafie
in3estiu Tnsanunsaseuitunzunsssou vunm 2 Sadluns v
nsUsznaugnsemsvdisefundsanuilddsylovdld Tusiu
waglavugiisndu isuiAssiuanudesnisvesdniln au
Awuzi1u049 National Research Council (NRC) (1994) dulrily
TiAuemsnaassgnslagnsnilennevnmaasamaneas oy
a gos Fouanslu Table 1 ol

naudl 1 (T1) guslsifiunasvesansdaindinlna (negative
control) THuduznds uigAviiugruumamasnu

naudl 2 (T2) gnsaruAy (positive control) 1d419lwa
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favdedlusiudu uazninduvdes WuimgAundnlugas

gl 3 (T3) omsgaatudends uagldnslyh
1.5 % lugms

nquil 4 (Ta) ermsgasfudiends wagldndlath
3 % lugns

nsliemsnaaesasuuseenidu 2 92 Aesvezuiu
gy uazszznmamenes lasnaenmavaaedlililisueimns
wazihdweguiud (ad libitum) Tnenmsnaaes 9l 1 sezU3

g Wuszeziliomnslald neumsveaeuiieususeiudves
lduns IlndiAsadunen 10 Yu leedahmindmedialylutuusn
noulomnmaaes alnidnseiu deses 2 i @edlnlaTagld
ownsveRst 4 ngu Alusiulidesndn 17 % uaztaed 2 svee
vhnsveaes iusvegiliensvaasdulnliduna ¢ dUam
wagvhmafiultifleniessiauamdunias 1 ass Fedil
Tneldownameaesits 4 ngu silurumesesiton 28 Tu S
svoznavedlAfildFuomnsmaaes sa 38 Tu

Table 1 The raw material composition and nutritional value of experimental diets

Item Treatment
T1 T2 T3 T4
(Negative control) (Control) (1.5% Wolffia meal (3% Wolffia meal
added) added)
Raw material (kg/100 kg)
Corn meal - 45.45 - -
Broken rice meal 12 - 10 10
Cassava chip meal 34 5 34.5 34.5
Wolffia meal’ - - 1.5 3
Rice bran meal 10 10 10.5 10
Soybean meal, 44%CP 21 18.6 21 20
Full fat Soy, 38% CP 6.5 4.5 6 6
Fish meal, 58% CP 5 5 5 5
Soy oil 1.3 1.25 1.3 1.3
Dicalcium Phosphate, 18% P 0.9 0.75 0.9 0.9
CaCOs 8.3 8.45 8.3 8.3
NaCl 0.3 0.3 0.3 0.3
DL-Methionine, 98% 0.2 0.2 0.2 0.2
Premix (Vit-Min) 0.5 0.5 0.5 0.5
Total 100 100 100 100
Nutritional value, % (Calculated)

Protein 17 17 17 17
Lysine 0.78 0.78 0.78 0.78
Methionine 0.4 0.4 0.4 0.4
Met + Cys 0.67 0.67 0.67 0.67
Tryptophan 0.18 0.18 0.18 0.18
Threonine 0.57 0.57 0.57 0.57
Metabolizable energy, Kcal/kg 2,800 2,800 2,800 2,800
Fat 3 3 3 3
Linoleic acid (C18:2) 1.5 1.5 1.5 1.5
Calcium 38 3.8 3.8 3.8
Phosphorus, Avai. 0.35 0.35 0.35 0.35
Fiber 5 5 5 5

* Based on the analysis of Wolffia meal using the Kjeldahl method, the crude protein content was determined to be 31.37%.

nsUuiindeya

Sufindhmdndaudedunismaaes uazduiindminia
A 9 14 $u paeanisvaass TufinuFuaemsiwlalafu
naoansnAaes tnavhnstaiminiliuaremsfimdenntu
Wofnw1Useansamnisiasuemsiduly YufinuIuiw
wandnlvluusay Suvesnmiaenismases Sufindwiinly was
nsasiaingunwludUanviag 1 A Tngvhnsiiulaynnles
Tuusawah ieTiemeiaaninly smiiBues Aryee et al. (2020)
Tnefinisanduiindeyass tufindmidnuedly arwervasld

Anuni1aesly Anundielde1n anugalyvrn w@usnu
Audnandluung Augeliuns Argerydin (Haugh unit) thwidn
launs dwiinlian dwinFenlssmderiuls ndliuas dou
SUN1INRAY NAIRINNAADY 14 Tu LATNAIIINVAADIATY 28
Su Tnetiufindnd Lra*b* &1 L¥a*b* Ao daydnualvesmiieind
Aunu L* Ysuendennuadng flendaus 0-100 1ne 0 fe A
uag 100 Avdv1 AILAY a* USIBIBUNUEINEL T (-a*) Aud
Aus (+a%) WarAILNY b* USTENeUAUE 91nduEY (-b%) aud
dundes (+b*) auaeu Tnrndvedluuns lneldwnd (Yolk color
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fan) waz n15141A5 09 Miniscan ZE (HunterlLab, USA) wazan
Tufind@iils shnnsifudegradennounnass vdmaass 14
U uagraIn1sneaed 28 1u lnvguiaizidenlnnnnqunaass
nauvnaetas 3 fildudenuinadn (Wing vein) Inglddna
yuueanesedLiansuTnuivhnmazdudon Tagldiduuuin
0.8x25 fiaduns Aoy 9 gadnszuendagiagedi q auld
I 1 fafdns dndenldnasnruin 2 daduns laely
MNaBAUTIY 20 % ethyl diamine tetra acetic acid (EDTA) 31174
20 lulasdns () wedestunisudaiivenden w9
waaufiumegadon iivlundeslruiifiiudey wluiivly
Fiugamail 4 °C Tz zviosdan e red blood cell (RBO)
A1 white blood cells (WBC) wazen packed cell volume (PCV)
»1135ve Abdulazeez et al. (2016)
MTUATIEYToLaN19a0A
N1INAABIINLHULUUduaNy sod (Completely
Randomized Design: CRD) 3tA51%%1A1A210LUUTIU (Analysis
of Variance: ANOVA) Waz U3 suifisuanuunnd1svesaiade
sewinangu lngld38 s suiisudad suuunanstises
Duncan (Duncan's new multiple range test) aM135u89 Steel &
Torrie (1980)

NALAZIN5AINNTIY

ANTIOULNITHES)
nani1smeasinuiinisidlyiiwslueimsialynass

szez1an 28 Ju ludwmaneaussaurnisuanlaesiueg sl

€

o

pdAgYN9Eif (0>0.05) miLa'%mlsu'ﬁfﬂmiuqmmmﬂﬁlﬁiﬁ'
S¥AU 1.5 uay 3 % lidwadodnsinisiinandnlulaesiunase
szo¢17a1 28 Juveanismeaes tnefia1dnsnislinandnads
(Hen-day production) 8¢5¥1114 88.89-97.22 % Falunneing
fuathaditedfayneadn (p>0.05) sialutag 1-14 Juuas 15-28
Fuvpsnisnaaes wansliiduinnisasalyilusssusenannlal
dwmadosoaussauznsnanltvesllineldannnsmeaesi
dwiuusinaunsiuemsiedsseuiuuldugafiaalungud
Sunmaasulath 3 % sesasnfonguiliadu 1.5 % nduaiugu
naznguitlaildiadudnlng egrdlsAnnilaid amnuunnssoead
o Aynead @ (p>0.05) Wi eafuiua1snsn1sasu
onsidula (FCR) Feflrnaglurag 2.06-2.12 laimwumuunnsing
sendanguvaassegaliteddgynieada (p>0.05) Uadlidiuin
nsldldildnsenudedsyavsamnisldusslomiannemsues
wild Shmiinleiedeuazalinaonnimassslivnnsnaiuegig
Idedragneaia (p>0.05)Iﬂaﬂq'wﬁl,ﬁmlﬁu'ﬂfw 1.5 % di@n

v
° o

vninlvindegefian (64.88 niu/mes) luvaziinguitlaildiada
#1lma (Negative control) ffanalviadegean (59.25 n3u/ia/
Fu) daun1siasunvasiuindnaennisvaasdlinuaim
waneiusENINaNguULALITY (p>0.05) fauiinngunlunu
agflenimindaiuiuedsgagadessudeutunguu
Tnwasy nanmsvaaosdliiiuinannsaaiilidindugase g
Inldlaluszauliiiu 3 % lnglunsenudeaussouznisuds
nslivsslordaneims dmidnle weld wasduiindvesul

A (Table 2)

Table 2 Effect of Wolffia meal (Wolffia spp.) in the diets on egg performance of laying hens

Item Treatment SEM P-value
T1 T2 T3 T4
(Negative (Control) (1.5% Wolffia (3% Wolffia
control) meal added) meal added)

Egg production (Hen-day), %

1-14 day 95.83 88.69 86.90 88.10 2.98 0.7218

15-28 day 98.72 90.38 91.03 94.87 2.62 0.7177

1-28 day 97.22 89.51 88.89 91.36 2.70 0.7466
Feed intake, g/hen/day

1-14 day 127.7 110.89 122.7 120.02 3.08 0.2934

15-28 day 119.15 113.49 112.89 116.25 1.65 0.5829

1-28 day 123.86 112.19 117.8 118.14 2.09 0.3422
Feed conversion per kg egg (FCR)

1-14 day 212 2.07 2.19 2.19 0.07 0.8891

15-28 day 2 217 2.02 2.03 0.06 0.6771

1-28 day 2.06 212 2.1 211 0.05 0.9623
Egg weight, g/egg

1-14 day 62.6 60.36 64.57 62.68 0.79 0.3304

15-28 day 63.84 62.27 65.2 64.96 0.57 0.2673

1-28 day 63.2 61.29 64.88 63.82 0.66 0.2971
Egg mass, ¢/hen/d

1-14 day 59.99 53.53 56.11 55.21 223 0.8217

15-28 day 58.52 52.26 55.11 57.23 277 0.4288

1-28 day 59.25 52.9 55.61 56.22 1.94 0.7764
Average body weight, g/hen

Initial weight, g 1716 1804 1739 1755 85.24 0.0940

Final body weight change, ¢/ hen 92.17 144.33 64 133.67 17.29 0.3600
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nsldldindununnaesdiinguszasdiduitoutu
aussauznisndn ety lnelifiingusyasdndndulasuy
wén Tugnsomnsiugiuides Tununeaes wut nsléladg
fiseiu 1.5 % way 3 % Winaduaussauzn1sudn ldunndig
nngumuay Weiadulthued 3 % fuwltufuaussougnis
WEn i nandnly Usinaenmsiinu mswdsuermsiduly
1 Alandu tindnleanias ald 91naunaass laifinnslden
U Purlusgninanisanduunnaes wasiinisvaasslu
Tse3ausyuula H9290819UNAa0E@A I NLIRaRNLUSTUSIU
uadansanunsaanni1sidenudrugluseninanisaiiuay
nnaestld MnmsiTondeiaonadeciunisideves Rattanawut
et al. 2017) I§innsAnwmeaeunanisiadaliviluamisde
aussanmnislinandnuazdliunswondels lothiissdu 0 0.5
1 uaz 1.5 % w8013 wui1 nsiasaliluemsitsesusig
7 Liflnansznusevsuaemsiinu nandsly divdnly wals
Snsnswieuemsiunandnle (p>0.05) wag Chantiratikul
et al. 2010b) AnwINIsNALNUNINEG 1WEBed8 Wolffia
globosa Tuewslald anunsanaunulais 75 % laglinsgnu
fRoMIINTIHANARLY N1TNALNY 100 % vilwnisAue s
wazn1swanlyanas wenaniganuin Wolffia slobosa Haenii
Alaunadlesanualsfiuessas fadu annmaaesnisldladh
naluormslalyseaussousnsnanfisssu 1.5 % waz 3 %
ludswansgnulumuauneaussaugn1swan
AaunINAoely

nansanwnsldldimduemnsialefisziv 0 1.5 uay

Table 3 Effected of Wolffia meal (Wolffia spp.) in the diets on egg quality.

3 % naeANITIALY 4 dUA9 (28 Fu) denmniwiledly wuin
f1 Haugh unit veslalunnndumaaes (T1-Ta) faudiFuduaufs
Auganianaaes (0-28 Tu) aglutaa 70-86 % lawuady
unnA1seg 19l ded1AyNI9Eas (p>0.05) %QLﬂumﬁﬁyﬁlmﬂww
Auantud (Albumen quality) lallasunansznuainnisiasu
loth urugugnanslanng (yolk diameter) laisharfuszaing
naunaaeeg1vldvedAyn1eada (p>0.05) snciutud 21
U8INITNAABY WUI1 NAN T1 (Negative control) (26.45 mm)
fA9INI1ING U8 U (T2 T3 T4 ~37-41 mm) uAnsi1908 il
ToddeyBameadi (p=0.0078) %ﬂmﬂﬂ%‘ﬁwﬂwmhqmmms
prvhlivunaliunadnas deSsuieuiugnsitlidnlnedu
undsndnuuazgasiiingldladndugasems dwmduhmiin
lguns (Yolk weight) 1ngasaain1svaaedldunnsneiueg el
dudrAgyn1eadd (p>0.05) ﬁhl,a?{aa&ﬂwdw 13.6-16 n¥u/vag
AU al9v17 (albumen height) naeanisnaaedliunneiaiy
(p>0.05) g TuY23 6.3-7.6 mm UsuaninAmnINvaslyv1?
Apudamiane dmsudedlie1d (albumen index) Tunn
FraavesnIamaaes faldenstu (p>0.05) sniulutud 21
Y84N131AA8Y albumen index ¥as T1 (12.72) HAg9n31 Ny
T2-T4 (8.12-9.49) eehsiifeddaydamneadi (p=0.0144) Faued
Pnguitlilsiasudninadlvvnduniingumaassiiinisiada
ladwsfisedu 1.5 uay 3 % Entos dmsuhmindentd
(shell weight) Liflaruuana1siusg i dbdrAgnasnnis
nAaBs (p>0.05) Anaduaglutie 6.7-8.1 n3u/mes Muuaasly
Table 3

Item Treatment SEM P-value
T1 T3 T4
(Negative (Control) (1.5% Wolffia (3% Wolffia
control) meal added) meal added)
Haugh Unit (%)
Initial 84.38 70.95 81.8 83.86 3.72 0.0981
After 7 days 85.56 82.69 81.41 85.9 4.06 0.7095
After 14 days 81.4 79.16 86.09 80.47 3.22 0.7932
After 21 days 79.94 78.12 80.32 80.8 2.35 0.4719
After 28 days 76.12 76.88 74.25 74.38 2.28 0.6513
Yolk diameter, mm.
Initial 38.61 38.62 39.85 38.5 1.71 0.3709
After 7 days 40.38 40.51 39.31 39.32 1.94 0.6485
After 14 days 42.88 39.82 43.53 43.53 1.50 0.5837
After 21 days 26.45° 41.01° 40.95° 37.33° 3.15 0.0078
After 28 days 37.92 39.97 38.73 39.78 1.86 0.9009
Yolk weight, ¢
Initial 14.38 13.8 14.28 12.75 0.61 0.1828
After 7 days 17.38 17.65 14.82 15.17 1.27 0.5842
After 14 days 14.59 13.63 14.9 14.98 0.50 0.5956
After 21 days 14.9 15.37 14.83 15.76 0.45 0.4019
After 28 days 14.99 15.59 14.96 16 0.44 0.3292
Albumen height, mm.
Initial 7.25 7.34 6.83 7.08 0.30 0.0689
After 7 days 7.51 6.91 6.95 7.65 0.38 0.7052
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Table 3 Effected of Wolffia meal (Wolffia spp.) in the diets on egg quality. (Cont.)
Item Treatment SEM P-value
T1 T2 T3 T4
(Negative (Control) (1.5% Wolffia (3% Wolffia
control) meal added) meal added)
After 14 days 6.8 6.41 7.2 6.75 0.27 0.7136
After 21 days 6.61 6.28 6.59 6.29 0.22 0.3969
After 28 days 6.71 6.85 6.49 6.59 0.22 0.6929
Albumen width, mm.
Initial 65.35 65.31 68.98 68.08 2.99 0.4459
After 7 days 68.4 67.19 72.37 69.86 3.39 0.7687
After 14 days 73.68 64.95 78.65 75.2 3.18 0.4471
After 21 days 48.25 75.85 77.34 73.33 3.71 0.1174
After 28 days 69.86 67.95 72.82 70.64 2.25 0.6104
Albumen length, mm
Initial 80.95 80.89 83.49 83.75 4.13 0.4867
After 7 days 80.42 81.69 83.71 83.89 4.19 0.8839
After 14 days 84.22 78.7 92.53 88.15 3.16 0.9111
After 21 days 60.25 78.41 77.34 73.33 2.718 0.3640
After 28 days 82.16 84.9 86.25 85.98 2.64 0.7593
Albumen weight, ¢
Initial 36.91 36.49 38.56 34.05 1.46 0.2679
After 7 days 36.88 36.78 40.37 40.06 1.98 0.8996
After 14 days 36.49 34.48 40.09 38.7 1.61 0.7175
After 21 days 37.1 35.38 38.15 36.67 1.06 0.4484
After 28 days 36.41 36.09 37.92 40.32 1.31 0.2581
Albumen index
Initial 10.02 10.15 9 9.45 0.32 0.5506
After 7 days 10.17 9.37 9 10.05 0.22 0.1340
After 14 days 8.69 7.42 7.89 8.36 0.24 0.7883
After 21 days 12.72° 8.2° 9.49° 8.12° 0.55 0.0144
After 28 days 8.88 9.09 8.27 8.51 0.22 0.5346
Shell weight, ¢
Initial 7.69 7.38 7.7 7.52 0.33 0.3058
After 7 days 7.35 7.31 7.8 7.42 0.36 0.7484
After 14 days 7.04 6.95 8.12 7.47 0.30 0.7287
After 21 days 7.23 6.74 6.78 7.6 0.28 0.1786
After 28 days 7.61 7.56 7.31 7.49 0.22 0.4475

*® Means in the same row with different superscript were significant different (p<0.05), SEM = standard error of the mean.

nawesuldtndlugnsomsialy dealidldunaduty
ningasilifitalne (T1) Insanzlunguiladusziu 3 % udds
lianansalsinalndiAssiugasiiddnlng (T2) 16 Feflenaandy
yeaduns (a%) Amdes (b¥) wazazuuudldunsgiiganasnnis
npans nassnanuansiliihenaflansdsssundfitiodiudly
WA A1 L* (Auadng) wanifenanuainavesdliuns wuindianng
wansnafuegelidedfymneadnluuisina Tnsane ud
14 ¥93n159AABS (p<0.01) wazTuil 21 (p<0.05) nguitlaildiaTa
F1lne (T1) fid1 L* gafign (50.80) uamainlaiumaiidadnandn
vuziinguiiadulah 3 % (T4 = 47.46) uaznauiiasulding
1.5 % (T3 = 49.03) fldfasnin drunquetuauiladudialng
(T2 = 45.80) farditan Feazvioudnliunaiditundn egralsi
i loAuganisvaaesdiTufl 28 A1 L* luduansnetuagnel
Hoddgylunnngunisnaaes (p>0.05) dmsuen a* (wnudiden-

) voslrunsdiauuanateiuegadidedfgdaau (p<0.01)
Tugaeduit 7-21 lnenguatuaunddalne (T2) a1 a* gean
ag19maLlias (Juh 7 = 15.55 Ju 14 = 12.49 Juf 21 = 11.52)
wanafiamuduvesdunsiiiauda vueiingudu o lngiane T1
(Lifidalne) waz T3-T4 (Lt 1.5-3 %) len a* vgasdiandy
= ' ' oA = ' ' =3

au Jsvsveninldunseanlunsdimies-1lWeuinnin ogslsh
o Tududl 28 vesnismaaes A1 a* luusnasiueg1editodAty
FENINGY (p>0.05) wenanil A b* (Wnudfin-Lndes) Muans
ANV DIEMADY WUIndlAuLensnsAusgedided Ayl
Fuh 7-21 v83n1INAaed (p<0.01) TngnguaruauAdd1lng
(T2) dA1 b* gefignogesioiilos (Tuil 7 =61.48 Tufl 14 =
59.20 Tuil 21 = 54.09) Waiilsuiunguinldldiaudnilng (T1)
wagnquillasuliin 1.5-3 % (T3 T4) adlddndi usiiliodugn
Ao o ' ' ' ' A
N13MAa9N TUA 28 AuuAns1svesAl b* luunnsiseeiedl
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HudrAgneada (p>0.05) dmsuazuuudliung (Yolk color
score) 910 yolk color fan fAIULANA1NAUDENTALIUAGDN
n1snnass Tnslaniglutudl 714 uay 28 veen15nAass
(p<0.01) wuInguAIUANATT NG (T2) fAzuuugegn (Fuf
28 = 3.69) vuziinguiliadailith 3 % (T4 = 2.60) fidnsosan

Largenings negative control (T1 = 1.60) wazngutadail
1.5 % (T3 = 1.68) ogslafioy Anadsvonauildsulaihdsng
mninguiisidnInmegaitedfamnaain (p<0.05) Fauansly
Table 4

Table 4 Effected of Wolffia meal (Wolffia spp.) in the diets on L*a*b* color space of egg yolk

Item Treatment SEM P-value
T1 T2 T3 T4
(Negative (Control) (1.5% Wolffia (3% Wolffia
control) meal added) meal added)
L* - Lightness
Initial 44.45 42.61 44.03 41.91 1.19 0.4155
After 7 days 49.63 46.34 47.64 48.17 1.36 0.4012
After 14 days 50.80° 45.84° 49.03° 47.46° 2.13 0.0006
After 21 days 52.95° 49.61a 51.44% 50.44° 1.44 0.0262
After 28 days 54.04 53.16 53.81 5236 0.75 0.2032
a* - Green-Red Axis
Initial 10.10 9.28 9.23 10.16 0.50 0.7625
After 7 days -0.68 6.69° -0.15° 1.01° 3.39 <0.0001
After 14 days 2,67 5.02° -2.33° -0.59" 3.56 <0.0001
After 21 days 2.62° 5.39° -1.47° 1.94° 3.62 <0.0001
After 28 days -2.05 3.02 0.86 2.07 2.20 0.2503
b* — Blue-Yellow Axis
Initial 58.79 61.50 54.07 57.44 3.09 0.6819
After 7 days 26.69° 64.45° 35.14° 37.19° 16.37 <0.0001
After 14 days 23.00° 58.62° 31.71° 44.36° 15.51 <0.0001
After 21 days 18.60° 49.63° 26.46" 37.47° 13.50 <0.0001
After 28 days 20.12 30.57 26.57 33.59 5.82 0.2256
Yolk color score (Yolk color fan)
Initial 7.32 7.25 6.95 6.82 0.45 0.8465
After 7 days 1.72° 4.16° 1.96° 2.18° 0.22 0.0002
After 14 days 1.60° 3.18° 1.60° 1.85° 0.08 <0.0001
After 28 days 1.60° 3.69° 1.68° 2.60° 0.13 <0.0001

*® Means in the same row with different superscript were significant different (p<0.05), SEM = standard error of the mean.

Aan oty iasudaolydned sedusing q 1
nansznuse iy Awigslduna Aeergda (Haugh unit) 39
Wuavsuenauanivdvesly uriugudnaisliung aau
n¥alaen el dminlduns dhudnldes davdn
wWasnymdewdenls uazavilldvn neen Haugh unit e1eg
5¥319 70.95-86.9 % Faagluinast AA (HU: 1nndn 72.0 Tu
1) maasuldiluomsinadonisiiudveslyuns Suualdy
indunuszdurestdinddugnioms wandiutudmalungs
fasulirng 1.5 % (p<0.05) iiesanlah (Wolffia spp.) 1Hu
funszngiiesiuumuie Avsdwmudaiiiudualsiuwazig
nsflags FseanunsalfiluunasansdluemsdaiUnle Fotfuded
wastenaifindlung ogslsfmumaasulddindussdugdu
gusomsenvaziinansznusienisitusslovilivelnyus s
§uq ruenadinared ausIauEAMATSHARG 8 99NN
naaestltiiiudt maasuldindduseauil 1.5 uay 3 % vinlda
"LﬁziLLmﬁLLuﬂ,ﬂuLﬁmqﬁummsrﬁf“umua%uiﬁdﬂfmﬂuqmmmi
donAdeINUNISANYIVBY Akter et al. (2011) lavihnisAnwinis

Tdununila Lemna minor L. Tuewnslaly wudrannsaldleags
i1 13 % laeldnsgnudoUss@nsnmnsndavsonuninly @
winnzauduwnaausiumaion n1snawnulusiuainnings
WABIAIELIY 25 % Trewiunsuanlunardluuag Taglinsenuy
sanun mdanty Wwdeadu Suppadit et al. (2012) nadeu
a & & v " % . .
nsunuinindwndesnlelau Wolffia arrhiza Tue1misun
a ' | i A v o W aa
nsevguu ldnuaruuaneted 19 iveddgvneadia (p>0.05)
FunsiNanaaly 8nsinsene wasdaaiiudliunslasneie
Rattanawut et al. (2017) lovins@nwnisiasulevnlusinng
foausInN NS IHaNAnLazdldunsandaly WolaSuinseeu
00.5 1 uaz 1.5 % ludalyeseny 40 dUa1vi wuiinisiasy
leiluavnslifinase dwdnuesle dwindenly dandnle
wad ¥rninlavnn aunuudenly Anuwdsswesudanla
wazA1 Haugh unit (p>0.05) wanistasulauluemis finase
A o ' a A X o % A a
Asindvedldung Tnedvasldiintumusesunistalan iy
agetmaulunquiasuloun 1.5 % (p<0.01) Fellualsfiueen
593 1,033.4 dadnsw/Alansy Asiudsinasanisiiudlaung
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Faivrsdunudnasfiudualsfiu wazweulnsiiadsaunsald
uunaansdluomisdnidnld dufuainisnaassnisiiiv
Vsnamslathluemslalylulsmadiiut uannuneass wie
nsesunaliiluemssanfuansindansssueasidug wu
ariFes vy Welilvsedulvdhgaiuluaudsmansenude
aussannskanaznslistlevildvedlavugidu

Alavinine)

Armsfiwesmaladininefivhnsinsegd ldun pack
cell volume (PCV), red blood cell (RBC) tag white blood cell
(WBQ) wuilaesan PCV LiifianuuanssegreivvdAglunn
NguRaeAYNNIINAGDS (0>0.05) lurariifianuunndiania
adAluunasveantsvaaes TnslamizAdSudu (initial) ves
RBC waz WBC wazen RBC Tufuil 28 vesn1svnans Faanua
ANIMPABY WUI1 NaNIFIATIERAIUIIIRTlaE oauAI Ak
(PCV) vosusilrilel Tutaudunisviaass ngu negative control
(T1) fieiade 28.36 % vauziinguauguiidnTnalugaseims
(T2) fif 29.63 % nawiadulath 1.5 9% (T3) e 31.11 % waw
nauiadale 3 % (Ta) fidn 29.43 9% Tnglsifauunnsnaiy
ataifdday (p>0.05) leasu 14 u A1 PCV VBIAATNGY
0g58mIne 29.79-33.92 % Tnungy T3 fleadugeiian (33.92
%) usilsiunnenatiunaadn (p>0.05) uazidieduganisnaaosdi
28 U A1 PCV oglugag 27.76-29.52 % (T1=27.76 T2=29.52
T3=27.86 T4=28.08) Fadslimunnuunnssesnaiideddiyma
i (0>0.05) wansinnsiasuldnlidsnasennududures
Healngsu

Fuiadonuns (RBO) numnuumnsieiiyrauls
Taglutiadudu ngu T2 61 RBC qafiandl 2.99x10° cell/pL
Faunnenseg 9 oddyn1aada laongy T1 (1.87x10°
cell/uL), T3 (2.28x10° cell/pL) wag T4 (2.03x10° cell/ uL)
(p=0.0003) usitilonsy 14 ¥u 1 RBC vosnnaueylndidssiy
Tug29 1.67-1.9x10° cell/pL wagluunna1anieads (p>0.05)
agalsfnu Lﬁa??UQWﬂWiWﬂaaﬁﬁ 28 Tu wudngu T3 dein RBC
geilanfl 29x10° cell/pl Faunnsinannga T1 (2.47x10°
cell/uL) wag T4 (2.52x10° cell/pL) og 19 dad1Agyn19ad @
(p=0.0409) Turaeiisrunudadensns (WBC) nuaLwANAIg
A uduresnisnaass Taengu T3 A1 WBC geiigqnil
21.47x10° cell/pl Fsgsninnga T1 (14.7x10° cell/pl) uaz Ta
(14x10° cel/pL) egnadiduddnd omeadd (p<0.01) luvaueii
ngu T2 fiaaduogil 18.83x10° cell/ul ogslsinm iensy
14 Ju A1 WBC vasnnnguanasinoglugie 13.63-16.43x10°
cel/pL uarlaifinnnuunnensiunsadia (p>0.05) LLazLﬁaguqm
AsVAaRsT 28 Ju A1 WBC 9glur9 11.65-13.15x10% cell/pL
Tnelilumnsinaifuegraditoddymeatnguiu Tnensasuldth
wilugnsomslalifissdu 1.5 % wag 3 % luidsadensenuse
A1 PCV agafifeddy wazuiiagnunisidsuwlasesen
RBC way WBC Tuunstaaim Tnslanisiiandudunaytisiuan
n1aneaes wawwilduaananiluldasieufannuiauniinia
a3sinendidaau desanddilddsoglunusiunfveausila s
WlathisldneliAnnaderoguamlafinvesldlivesnismaass
il Fsuanslu Table 5

Table 5 Effected of Wolffia meal (Wolffia spp.) in the diets on hematological values of laying hens

ltem Treatment SEM P-value
T1 T2 T3 T4
(Negative (Control) (1.5% Wolffia (3% Wolffia
control) meal added) meal added)
Packed Cell Volume (PCV), %
Early trial (initial date) 28.36 29.63 31.11 29.43 0.86 0.1907
14 days of trial 29.95 30.89 33.92 29.79 1.15 0.0673
28 days of trial 27.76 29.52 27.86 28.08 1.00 0.5730
Red blood cell (RBC) count (x10° cell/uL)
Early trial (initial date) 1.87° 2.99° 2.28° 2.03° 0.15 0.0003
14 days of trial 1.72 1.82 1.67 1.9 0.14 0.6801
28 days of trial 2.47° 2.64%° 2.9° 2.52° 0.10 0.0409
White blood cell (WBC) count (x10> cell/pL)
Early trial (initial date) 14.7° 18.83% 21.47° 14° 1.43 0.0041
14 days of trial 13.67 16.43 15.5 13.63 1.48 0.4670
28 days of trial 13.15 11.65 12.38 12.42 0.74 0.5662

*® Means in the same row with different superscript were significant different (p<0.05), SEM = standard error of the mean.

wawpansldndldiduuvasingiuluemsldldszd
A9 soAlaininervesinly wuin Wesidudliadenundn
Wiy (Hematocrit : HCT) s1uiudinidanuad (red blood cell :
RBO) waw d1uautinidenyia (white blood cell : WBC) va4lA
14 Bifinmuansnsiuegadidoddymieada (0>0.05) nqui

weSunsldth 1.5 9% waz 3 % adunlna3nvaslaled 28 Su fan
WU 27.86 % waz 28.08 % auasu FernBulansanazen
nalafeinendy ¢ Iu"LriLﬁfamaﬁuﬁ: Cobb 500, Ross 308 way
Arbor Acres Plus fausisniinauiseny 35 Su fidn POV iy
RGP RGRH Faen PCV Tuldmerirnegsening 22.61 - 33.72 %
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InmeflediAnegsening 21.67 - 33.76 % Ardulaasaunives
Irazeglutag 22 - 35 % wanshnaedundliluomnsidlall
finansznusemduilaasa wansliduilniiguama sauiude
doaunavalasuomisvaaes 28 Tu dAwvifiu 2.9 x 10°

cell/L uay 2.52 x10° celVpL Usunaudadenunsluliunfieg

#l 2.5 - 3.5 x 10° celVpL wagansinidenvnluliundazey i
5.8 -37.9 x 10° cell/uL (Konpechr et al., 2020)

d3UNaN13IY

nnsmaaesnudn msiasuldandusedu 1.5 %
uaz 3 % lidawansznusvaussauzn1suan tikn 9nsnislina
wanly n1siuetns, Sasnisasuewnaduly (FCR) dwiin
19 wazanaly TneAadelunnnguneasseglutiiliunnsstu
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ansaldlalpglinsenusoaussauznisundn lnefidnsinislina
wanly 88.89-97.22 % asinaiUAsusimaduly eglura
2.06-2.12 (p>0.05) Faaonndosiuganmly A1 Haugh unit
dhainlgrn dwdnliues wesduiugudnandliung Tagd
Haugh unit §apsagluinaet AA (nnd1 72.0) lunnnguneaes
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uq W vily wienndes iislildiuansenusionsldusslowd
nlnvurdy 9 egdlsfinnu msinisiosannisasuldndy
seRuT munzaud endnid sanansenuronislduseloviann
DIMIUAZAUTIONNNINANUTLELE

AnAnssuUIENA
HIY8veveuAMININg RY A YU ueule d1msy
nsadvayuauuatuayun1svinddelussduaniineldy
NugAnYUNITITE 159115 1 919198 1 ATeRaunil uil
sutszananiuseldusedrdauUssaia w2566 s
YOVDUANDINIENUIN 919158 A3.q3nd SiugTand dmsu
Auugihifiguat uazveveuRail Weusiuau waziidu

7

= v ' g v ! A o a Av oA
Lﬂmmamﬂmuﬂwmmmﬂmaaiumm%uumu’nmmm

References

Abdulazeez, H., Adamu, S. B., lswebuike, J. U., Gwayo, G. J.,
& Muhammad, A. I. (2016). Haematology and serum
biochemistry of broiler chickens fed graded levels
of Baobab (Adansonia digitata L.) seed meal. IOSR

Journal of Agriculture and Veterinary Science (IOSR-
JAVS), 9(10), 48-53.

Akter, M., Chowdhury, S. D., Akter, Y., & Khatun, M. A.
(2011). Effect of duckweed (Lemna minor) meal in
the  diet of their
performance. Bangladesh Research Publications
Journal, 5(3), 252-261.

Aryee, G, Adu-Aboagye, G. Shiburah, M. E., Nkrumah, T., &
Amedorme, D. (2020). Correlation between egg weight and

laying  hen  and

ege characteristics in Japanese quail. International Journal
of Animal Science and Technology, 8(3), 51-54.
doi:10.11648/j.avs.20200803.11.

Appenroth, K. J,, Sree, K. S, B6hm, V., Hammann, S., Vetter,
W., Leiterer, M., & Jahreis, G. (2018). Nutritional
value of duckweeds (Lemnaceae) as human
food. Food Chemistry, 217, 266- 273. doi:
10.1016/j.foodchem.2016.08.116.

Chantiratikul, A., Chantiratikul, P., Sangdee, A., Maneechote,
U, Bunchasak, C., & Chinrasri, O. (2010a).
Performance and carcass characteristics of Japanese
quails fed diets containing Wolffia meal [Wolffia
globosa (L.) Wimm.] as a protein replacement for
soybean meal. International Journal of Poultry
Science, 9(6), 562-566. doi:
10.3923/ijps.2010.562.566.

Chantiratikul, A., Chinrasri, O., Chantiratikul, P., Sangdee, A,,
Maneechote, U., & Bunchasak, C. (2010b). Effect of
replacement of protein from soybean meal with
protein from Wolffia meal [Wolffia globosa (L).
Wimm.] on performance and egg production in laying
hens. International Journal of Poultry Science, 9(3),
283-287. doi: 10.3923/ijps.2010.283.287.

Chantiratikul, A.,
Chantiratikul, P., Sangdee, A., Maneechote, U,
Bunchasak, C., & Chinrasri, O. (2010c). Effect of Wolffia
meal [Wolffia ¢globosa (L) Wimm.] as a dietary

Pooponpan, P., Santhaweesuk, S,

protein replacement on performance and carcass

characteristics in broilers. International Journal of

A7),  664-668. doi:
10.3923/ijps.2010.664.668.

European Food Safety Authority (EFSA). (2009). Scientific
opinion of the Panel on Additives and Products or
Substances used in Animal Feed (FEEDAP) on the

Poultry  Science,

safety of B—apo—S'—carotenaL for use as a feed
additive for poultry. EFSA Journal, 7(11), 1397. doi:
10.2903/j.efsa.2009.1397.

Konpechr, S., Sukon, P., & Sohsuebngarm, D. (2020). The

study of hematology in commercial broiler chickens



P. Phumrojana et al. / (PRAWARUN AGRICULTURAL JOURNAL 2025) 22(2): 66 - 76 75

of Cobb 500, Ross 308, and Arbor Acres Plus. Journal
of Mahanakorn Veterinary Medicine, 15(2), 209-221.
(in Thai)

National Research Council. (1994). Nutrient requirements of

poultry (9" ed.). Washington, DC, USA: National
Academy Press.

Nulla- ong, Y., Buwjoom, T., Maneewan, B., & Tadee, P.

(2021). Effects of Holy basil and Duckweed powder
supplementation in the semi-free range laying hens
diet on egg production performance, egg quality,
antioxidant activity and nutritional value of eggs.
Khon Kaen Agriculture Journal, 50(1), 51-61. doi:
10.14456/kaj.2022.5. (in Thai)

Rattanawut, J., Trirabiep, D., & Ketkaew, N. (2017). Effects of

Steel,

dietary water meal (Wolffia spp.) supplementation
on production performance and egg yolk color of
laying ducks. Khon Kaen Agriculture Journal, 45(2),
249-254. (in Thai)

R. G. D, & Torrie, J. H. (1980). Principles and
procedures of statistics: A biometrical approach (2™
ed.). New York, USA: McGraw-Hill.

Suppadit, T., Jaturasitha, S., Sunthorn, N., & Poungsuk, P.

(2012). Dietary Wolffia arrhiza meal as a substitute
for soybean meal: Its effects on the productive
performance and egg quality of laying Japanese
quails. Tropical Animal Health and Production, 44,
1479-1486. doi: 10.1007/511250-012-0091.

Thongkham, P. (2019). Effects of temperature on antioxidant

activity of dried water meal (Wolffia arrhiza (L.)
Wimm) and application in food products (master’s
thesis). Pathum Thani. Rajamangala University of
Technology Thanyaburi. (in Thai)

Xu, J.,, Shen, Y., Zheng, Y., Smith, G., Sun, X. S., Wang, D,,

Zhao, Y., Zhang, W., & Li, Y. (2021). Duckweed
(Lemnaceae) for potentially nutritious human food:
A review. Food Reviews International. doi:
10.1080/87559129.2021.2012800.

Zakaria, H. A., & Shammout, M. W. (2018). Duckweed in

irrigation water as a replacement of soybean meal in
the laying hens’ diet. Brazilian Journal of Poultry
Science, 20(3), 573-582. doi: 10.1590/1806-9061-
2018-0737.



P. Phumrojana et al. / (PRAWARUN AGRICULTURAL JOURNAL 2025) 22(2): 66 - 76 76

Research article

Effect of Wolffia meal (Wolffia spp.) utilization as an alternative raw
material source in the diets on performances, egg quality and hematological

values of laying hens

Phutthaphorn Phumrojana' Chutima Chansawat' Wuttichai Sae-lee!
Chaiyapruek Hongladdaporn? Suksan Kumkhong' and Nitchanan Chukerd"”

'Major of Animal Science, Faculty of Science and Technology, Muban Chombueng Rajabhat University, Chombueng

District, Ratchaburi, Thailand 70150

’Major of Animal Science, Faculty of Science and Technology, Loei Rajabhat University, Muang-Loei District, Loei,

Thailand 42000

ARTICLE INFO

Article history

Received: 14 June 2025

Revised: 22 August2025

Accepted: 14 October 2025

Online published: 29 December 2025

ABSTRACT

Keyword

Wolffia meal (Wolffia spp.)
productive performance
egg quality

hematological value
laying hens

This study aimed to investigate the use of Wolffia meal as a dietary ingredient for 25-
week-old Lohmann Brown laying hens. A total of 48 hens were divided into four experimental
groups with three replications per group and four hens per replication. The experimental diets
consisted of four treatments: Group 1 (negative control), Group 2 (positive control using corn as
the main ingredient), Group 3 (supplemented with 1.5% Wolffia meal), and Group 4 (supplemented
with 3% Wolffia meal), arranged in a Completely Randomized Design (CRD). All hens were
provided with feed and water ad /ibitum throughout the experimental period. The results indicated
that Wolffia meal supplementation had no significant effect on egg production performance. The
egg production rate ranged from 88.89% to 97.22% (p>0.05). Regarding feed intake, the group
supplemented with 3% Wolffia meal showed the highest feed intake (p>0.05). The feed conversion
ratio (FCR) ranged from 2.06 to 2.12 (p>0.05), and the average egg weight was highest in the group
supplemented with 1.5% Wolffia meal, at 64.88 g/egg (p>0.05). No significant differences were
observed in egg mass or body weight (»>0.05). Haugh unit values ranged from 70 to 86 (p>0.05).
The yolk diameter in the negative control group was the smallest (26.45 mm) and was significantly
lower than that of the Wolffia meal-supplemented groups (37-41 mm) (p=0.0078). No significant
differences were found in yolk or albumen weights (»>0.05). Egg yolk color intensity increased in
the group supplemented with 3% Wolffia meal. The packed cell volume (PCV) of the hens ranged
from 27.76% to 29.52% (p>0.05). The red blood cell (RBC) count was highest in the group
supplemented with 1.5% Wolffia meal (2.9 x 10¢ cells/uL) (p=0.0409), while white blood cell
(WBC) counts ranged from 11.65 to 13.15 x 10° cells/uL (p>0.05). In conclusion, supplementing
Wolffia meal at 1.5% and 3% in the diets of laying hens did not adversely affect egg production
performance or egg quality.
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