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Effects of Antarctic krill meal (Euphausia superba) supplementation
in laying hens diet on total tract nutrient digestibility,
productive performance, egg physical quality, fatty acid composition
and lipid oxidative stability
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ABSTRACT: An experiment was conducted to examine the utilization of Antarctic krill meal (Euphausia superba)
in laying hen diets. One hundred and eighty laying hens (ISA-Brown®), 30 weeks of age were raised under ambient
temperature and assigned in a completely randomized design (CRD) to four dietary treatments with three replications
per treatment. Dietary treatment were, corn-soy basal diet supplemented with O (control), 10, 30 and 50 g/kg Antarctic
krill meal. All birds were fed with diets containing 18% CP and 2,850 kcal/kg (ME) of laying hens diet to meet
nutrient requirements of poultry according to NRC (1994). Diets were restricted (110 g/h/d) throughout the study
in 3 period (28 day per period) and drinking water was offered ad libitum to the bird. Results showed that nutrients
digestibility were not significantly different (P>0.05) among the different levels of Antarctic krill meal. Laying
hen fed diet supplemented with increasing level of Antarctic krill meal enhanced the overall hen day production,
egg mass and feed conversion ratio per 1 kg of egg (P<0.05). Also, yolk color score of egg was increased (P<0.05)
with increasing dietary Antarctic krill meal. In addition, supplementing Antarctic krill meal resulted in significantly
increasied levels of PUFA and LC- PUFA in egg yolk, mainly Linoleic acid (C18:2n6), Linolenic acid (C18:3n3),
Arachidonic acid (C20:4n6), Eicosapentanoic acid: EPA (C20:5n3), Docosahexaenoic acid: DHA (C22:6n3), DPA
(C22:5) (P<0.01). The highest amounts of n-3 fatty acid and n3 to n6 ratio were obtained from the diet containing
50g/kg Antarctic krill meal. Furthermore, results also shows that four levels of Antarctic krill meal supplementation
has no effect on lipid oxidation (TBARs) (P>0.05). It could be concluded that Antarctic krill meal can be used as
suitable alternative feedstuffs in laying hen diets and 50 g/kg of Antarctic krill meal has the potential to enhance
pigment and omega-3 fatty acid enrich in egg york.

Keywords: Antarctic krill, Euphausia superba, performance, digestibility, fatty acid, diet, laying hens and egg
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Table 1 The effect of dietary Antarctic krill meal (Euphausia superba) supplementation on total tract nutrient

digestibility in laying hens

Total tract nutrient level of Antarctic krill meal supplementation in laying hens diets (g/kg) SEM
digestibility (%) 0 10 30 50
dry matter 86.38 87.00 86.07 85.11 0.36
crude fiber 57.36 57.31 59.86 59.05 1.44
ether extract 88.91 89.02 88.80 87.89 0.66
gross energy 88.72 88.90 88.41 88.18 0.25
crude protein 84.19 85.32 83.75 82.33 0.71

2. WANISLASNLALLAUAISNAN (Euphausia
superba) luanms lnlarasanssausn1sNARTDY
Tnlai
ANTANBINANITLETNLALLBURANTNAN
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fauansl Table 2 Bnviaflenydn ingieuminan
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Table 2 The effect of dietary Antarctic krill meal (Euphausia superba) supplementation on productive

performance in laying hens

productive level of Antarctic krill meal supplementation in laying hens diets (g/kg) SEM
performance 0 10 30 50
hen day production (%)
period 1 95.72 96.79 96.48 98.93 0.54
period 2 92.67° 94.40% 95.53° 96.30° 0.29
period 3 78.60° 81.90° 82.06° 84.28° 0.42
overall 88.98° 91.03° 91.36™ 93.17° 0.31
average egg weigh (g)
period 1 60.16 60.11 60.57 60.86 0.18
period 2 58.28 59.85 58.96 60.07 0.28
period 3 59.03 60.23 59.39 60.36 0.28
overall 59.16 60.06 59.64 60.43 0.23
egg mass (g)
period 1 57.79 58.18 57.63 60.21 0.41
period 2 54.01° 56.50° 56.33° 57.89° 0.31
period 3 46.39° 49.33° 48.74° 50.87° 0.33
overall 52.73° 54.67% 54.23% 56.32° 0.27
feed conversion ratio per 1 kg of egg (g of feed/g of egg mass)
period 1 1.91 1.90 1.91 1.82 0.01
period 2 2.04° 1.94° 1.95° 1.89° 0.01
period 3 2.34° 2.23° 2.25% 2.16° 0.01
overall 2.10° 2.03" 2.05° 1.96° 0.01

NS= Not significantly (P>0.05), * Mean with symbol with in same row differ significantly (P<0.05), ** Mean with

symbol with in same row differ significantly (P<0.01), *° Mean with symbol with in same row differ significantly

(P <0.05)
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wazNINGMARNIINAUTUA s 1aq 7.5 wWlefidus
wrauauiugasesnidainanasiamaes
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Wuiugnu nudnsasuasasuluemslile
RPN TR E O I pr U la N oYL e IR SR IR L P PRUR TR
undldilanFeumauiUamIgRIAILANLAZNAN
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aip (P<0.05) WadagananllalnfiAnsesy
AZLULATD 1L AN (P<0.01) WATHANAWAY
B . =

(Redness (a*)) MifinTuaeinafiiadn Ay daneaia
(P<0.01) 49UN19MAAITBY An et al. (2004) Wy
INNNETNBRAALTUTUAN X, dendrorhous 1
219117118 ANT0LNNLB N YR B AN LT
azanlwilalnlimlenFauneudueinisges
PILIANBENINTIRIANATYNIATIA (P<0.05) iadieas
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Table 3 The effect of dietary Antarctic krill meal (Euphausia superba) supplementation on egg physical

quality in laying hens

egg physical level of Antarctic krill meal supplementation in laying hens diets (g/kg) SEM
quality 0 10 0 5
shell weight (g)

period 1 7.67 7.78 7.98 7.71 0.10

period 2 7.94 8.14 7.73 8.18 0.07

period 3 7.90 8.11 7.99 8.06 0.05

overall 7.84 8.01 7.90 7.98 0.06
yolk weight (g)

period 1 15.21% 15.17% 15.06" 15.59% 0.07

period 2 16.72 15.19 15.43 16.82 0.45

period 3 15.39° 15.87% 16.06° 16.10° 0.09

overall 15.78 15.41 15.52 16.17 0.17
albumen weight (g)

period 1 34.68 35.08 34.63 35.70 0.28

period 2 34.06 36.55 36.07 35.68 0.57

period 3 33.83 34.28 34.22 34.01 0.21

overall 34.19 35.30 35.38 35.13 0.23
albumen height (mm)

period 1 10.30 11.09 10.27 10.33 0.28

period 2 9.57 9.36 9.36 9.14 0.18

period 3 10.95° 11.63% 11.46% 12.05° 0.13

overall 10.27 10.69 10.36 10.51 0.14
haugh unit

period 1 99.18 99.07 100.12 99.98 0.29

period 2 96.24 95.43 95.40 101.88 2.19

period 3 103.99 105.16 104.29 106.85 0.49

overall 99.80 99.89 99.93 102.90 0.64
egg york color

period 1 12.52° 12.56° 12.77%° 13.08° 0.07

period 2 12.26 12.54 12.49 12.68 0.07

period 3 10.86° 11.25° 11.69% 11.94° 0.08

overall 11.54° 12.12° 12.31% 12.56° 0.05
egg shell thickness (mm)

period 1 0.33 0.33 0.33 0.33 0.01

period 2 0.34° 0.35° 0.35° 0.35° 0.01

period 3 0.37%° 0.38° 0.37%° 0.36° 0.01

overall 0.35 0.35 0.35 0.35 0.01

NS= Not significantly (P>0.05), * Mean with symbol with in same row differ significantly (P<0.05), ** Mean with
symbol with in same row differ significantly (P<0.01), *° Mean with symbol with in same row differ significantly
(P <0.05)
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4. WANISIESNLALLAUANSNAN (Euphausia
superba) Tuatuislnlirnaasrlsznaunsm
Tusululaln
NNTANHINANITLATNLALLAUAITARN
(Euphausia superba) l1aning VLrivLﬂjﬁlixﬁTu 10, 30
waz 50 nin/Alaniu Wheuauiueimngu
pouANAaasALlsznaunsaladululiuas wudn 1n
o lunguiildFuemnaaiuinauaunsnanss iy
10, 30 way 50 nfw/nlansy azfszaunsmlasiu
B (saturated fatty acid (SFA)) n2alasiu
TiAuEaE A (monounsaturated fatty acid
(MUFA)) Tl unelaiumnansiuslnlafildsy
a1MINguALAN (P>0.05) usinudnlaladldzy
ANMNTETUIALILAUANINAN 2AL 10, 30 LAY 50
nfwAlansu azilszdunsalaulaisusdeton
(polyunsaturated fatty acid (PUFA)) waz n3abasu
TaiausaEadaudneana (long chain polyunsatu-
rated fatty acid (LC-PUFA)) lutldumagandnlilad
lafuenmsnguAruANat e lTIE ATy Nana
(P<0.05) A4L@ndli Table 4 B1NANANTUIAINTA
lusiu PUFA way namlasdiu LC-PUFA whaztiin
wudn ild AlgFuenvnnaSuieeLeunFnAng
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s2AU 10, 30 way 50 nfu/Alanfuazlan
Linolenic acid (C18:3n3) luldl LLﬂx‘i@x‘iﬂ'ﬂ’ﬂﬁi‘ﬁﬁiﬁ
FURNMINGNAILAN (P<0.05) LardAN Alpha-
linolenic acid: ALA (C18:2n6), Arachidonic acid
(C20:4n6), Eicosapentanoic acid: EPA (C20:5n3),
Docosahexaenoic acid: DHA (C22:6n3),
Docosa-pentaenoic acid: DPA (C22:5) ENETITR
genanlilafldFuaunanguauanuansieiy
peifudAyBmneada (P<0.01) Taeflrlaila
SunnauBuiraueuminAnluenslnlafiszsi 10,
30 way 50 nfu/AlanfuaziiszAuaas ALA
(C18:2n6), EPA (C20:5n3), DHA (C22:6n3) LAy
DPA (C22:5) 114171'LL@@Lﬁm%uLLﬂiﬁumsm@ixﬁu
MsldBAEL LI AN TN a3 Hesann
WLLAUANFNFN (Euphausia superba) Nil5unnd
naaladuanuazanatuin Bustos et al. (2003)
MeUIAL LU SNANaslilTNueana Ll
1A palmitic acid (C16:0), EPA (C20:5,n-3) LAy
DHA (C22:6, n-3) %1f117.40, 21.10 way 20.30
wefifusesindunsnauningn saiuileudu
welauafnAnasluamnsinldazinliinsazan
Tashilulanaaiiaimy
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Table 4 The effect of dietary Antarctic krill meal
composition in egg

LAUNEAT 43 (1) 1 15-28 (2558).

(Euphausia superba) supplementation on fatty acid

fatty acid composition of egg level of Antarctic krill meal supplementation in laying hens diets (g/kg)

SEM
(9/100 g total fat) 0 10 30 50

Myristic acid (C14:0) 0.633° 0.823° 0.813° 0.862° 0.0110
Palmitic acid (C16:0) 28.223 28.510 28.593 28.323 0.4274
Margaric acid (C17:0) 0.1466%° 0.1600° 0.1366° 0.1600° 0.0023
Stearic acid (C18:0) 6.7667 7.0233 7.2933 7.3800 0.0994
Total SFA' 36.300 36.387 37.870 37.290 0.5395
Myristoleic acid (C14:1) 0.160° 0.210° 0.210° 0.230" 0.0029
Palmitoleic acid (C16:1n7) 4.170° 4.277° 4.340° 5.173° 0.0631
Oleic acid (C18:1n9) 45.450 44.030 44.083 44.053 0.6572
Eicosenoic acid (C20:1n9) 0.160 0.160 0.170 0.180 0.0029
Total MUFA ? 49.633 49.677 49.013 49.733 0.7252
Linoleic acid (C18:2n6) 10.293 10.990 11.010 11.253 0.1519
GLA (C18:3n6) 0.063 0.063 0.073 0.073 0.0017
Linolenic acid (C18:3n3) 0.137° 0.180" 0.180" 0.190% 0.0026
(C20:2n6) 0.087° 0.097° 0.117* 0.127* 0.0017
DGLA (C20:3n6) 0.097° 0.107"° 0.107"° 0.117" 0.0017
Arachidonic acid (C20:4n6) 0.990° 1.057° 1.267" 1.297* 0.0159
Eicosapentanoic acid: EPA o c 5 A

(C20:5n3) 0.030 0.053 0.107 0.147 0.0014

on
Docosahexaenoic acid: DHA b c 5 A
(C22:6n3) 1.690 1.900 2.247 2.723 0.0303
.on

DPA (C22:5) 0.087° 0.117° 0.137° 0.220" 0.0020
Total PUFA® 13.283 14.547 14.067 14.530 0.2072
Total n3* 1.860° 2.130° 2.530° 3.060" 0.275
Total n6° 12.600 12.810 11.610 12.240 0.135
n3/né 0.147° 0.166° 0.218° 0.268" 0.028

NS= Not significantly (P>0.05), * Mean with symbol with in same row differ significantly (P<0.05), ** Mean with

symbol with in same row differ significantly (P<0.01), * > Mean with symbol with in same row differ significantly

(P < 0.05), »®%P Mean the significant difference among the same row (P < 0.01), ' SFA = Saturated fatty acids,

*MUFA = Monounsaturated fatty acid,” PUFA = Polyunsaturated fatty acid, “n3 = Total omega 3 fatty acid, and

® n6 = Total omega 6 fatty acid.

Fananimmaaaslua il ullludnsus
WAenfuiL Maki et al, (2009) R1EHNAMAaasl
mmmﬂmmmmLmzmﬁaﬁ@qsluquﬁﬁwﬂﬂ
Fdnuan 76 au AR et uauAsnRnTTa
walga3eufiaufunguaauny Aldsuday

wznannudn anely 4 dlanvananadinsildsy
ﬁﬁﬁumﬂLmumﬁfﬂﬁﬂmﬁmLmﬂsg@%him'qmmiﬂmi
azanmaIadnesea basnaelsd nuannlENnIg
AzANTEY EPA uaz DHA lwidengandnnguacunn
LANFINGAY @ﬂwqﬁﬁﬂﬁﬁﬁméquqmﬁﬁ (P<0.01)
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AAAARBNNILINIINARRITRY Berge et al. (2014)
NN13naaadliananadAT LA U9
300 pw WlasIuRsLeumInAnTisysL 0.5,
12 waz 4 nfusefuSauiiauiunguasunuiile
Surnsfusznen wuinanelu 6 uay 12 dansi L4
suhfupsLeunsnAnks 4 sxfuasRsziutes
Omega-3 index g4NINGNAYLIANLANANNA UL
TdadAtyneadid (P<0.05) AnvasletasansT L
ga9lnsnsiraled luaanldfndinguasunw
(P<0.05) LLﬁiiﬁizﬁ'ﬁN@Iﬁiﬂﬁ’]ﬁ‘:ﬁﬂﬂm@mm‘ﬂﬁ“ﬂ@%ﬁ
1@ LDL wag HDL (P>0.05) Kassis et al. (2010b)
Ifmemeaesitendalalififamemenousgs
wudn IileAldsue v sadinduaniaaasdl
Sannaeansalafungy Omega-3 gandnlrilad
suniuau dhifudan vhitugnnine WATNAN
AALIAN Deelld1Ayn 9adia (P<0.05)

5. WANTSLATNLAEWAUAISNAN (Euphausia
superba) luanmnslnldsaigdiasniwaandindu
aaslusiululydla
NNTANBINANITLETNLALLAUANTNAN
(Euphausia superba) Tuawnslilafssdy 10, 30
uar 50 nfw/AlanfulFauineuiueimisngs
pruAuAeIadusneendinduseslaiululelng
rAuNNafUSNE Aszezinan 0, 7 WAy 14 74 Wi
dannssnpsLaussnanynsauluausinld
nnsvilaidinasiad TBARs (Haanin/Alaniu) Tu
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launsmadlalifiuinuiiguunivesis 3 god
1981 (P>0.05) Aauanalis Table 5 aNNANIT
npaasdnsilanunsdudiulddn uiasiinnsazay
aslasiusanaalasilamndadedonuasnaalasiy
LA aneenadedonlulanasdiiamanag wsf
lidmastenaiaufeneentinduadlaiululy
1 ilesvazinanisfusnsasuuladlid o, 7
Lay 14 44 fesnanieaweuanfnaniuinis
azavesaimgTiutfiduansinuayyadasy
agany 1y walshueed Launwauiu Wusu
ﬁqﬁuaqmmmﬁwammnﬁmﬂﬁﬁ?m adaulas
pendaduld aenadesfiuunAaedTes Yang
et al. (2006) AT LDAALTURWASZA 0, 0.7,
0.9, uaz 1.3 Jaanswnlaniu luenuslnly wu
inmaunesmuauiiufisziusine Taidaasie
oxidative stability (TBARs (Naaniu/nlaniu)) 184
T4l AfiRs U AN Tiszaz1980 0 LAy 7 4
(P>0.05 a1NT1e91189 Saito and Kita (2011)
81291 MILEBULAARLTUTILT 5-20 ppm Aazdagl
annseendnduredlaululaingfulugomnd
guuaziuinmlugounan 0-21 U dwasiednsinig
Wnaanilumafunarddoutsawmuifoea
Wldindae aenndeeiunmaaesaes An et al.
(2004) wuq1 a13@lunguAslsiuaadauLns
WARMNLTUNY d1NNTRAANILAA lipid peroxidation
Tl lifsnunafnsnEn ludanan 0-9 fu 1§

° o

aealludAtynneaia (P<0.05)

Table 5 The effect of dietary Antarctic krill meal (Euphausia superba) supplementation on oxidative stability

(TBARs content) in egg

oxidative stability

level of Antarctic krill meal supplementation in laying hens diets (g/kg)

(TBARs (mg/kg)) 0 10 30 50 SEM
0 day 0.47 0.44 0.46 0.44 0.02
7 day 6.28 6.29 6.49 6.33 0.04
14 day 10.60 9.50 9.52 9.54 0.17
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