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Abstract

This study aimed to examine hemp seed meal (HSM) in the nursery pig diet for productive performance,
stress response, and immune status. Forty castrated [(Landrace x Large White) x Duroc] pigs, 3 weeks of age
with an initial body weight of 5.48+0.2 kg were used in this study. The pigs were divided into four groups with
10 replicates per group. The experiment design was a completely randomized design. The dietary treatments
were the control group fed the basal diet without HSM (HSMO0) and the groups fed diet contained 5, 10 and
15% HSM (HSM5, HSM10 and HSM15), respectively. The results showed that HSM had significant nutritional value
with crude fat, crude protein, crude fiber, and lysine of 7.95, 32.46, 12.94 and 1.49%, respectively. In addition,
it had gross energy of 3,594 kcal/kg. The use of HSM in the nursery pig diet showed that the average daily feed
intake during weeks 1-2 of the pigs in the HSM10 group was better than the HSM15 (p<0.05) group. Additionally,
their bodyweight gain and average daily gain throughout the trial were greater than other groups (P<0.05). There

were no significant differences (P>0.05) in the feed conversion ratio (FCR) between the experimental groups.
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The stress conditions caused by oxidative reactions were observed by the level of enzymes in the plasma of
the pigs. The lowest concentration of superoxide dismutase (SOD) and the highest of glutathione peroxidase
(GPx) (P<0.05) were found in HSM15 group. The HSM5 group had the minimum cortisol hormone levels (P<0.05),
which were not statistically different from the HSM10 group. It was also found that the HSM10 group had the
highest immunoglobulin M (IgM) concentration (P< 0.05), while the pig in groups HSM10 and HSM15 had the
highest immunoglobulins G (IgG) concentrations (P<0.05). In conclusion, the use of HSM at 10% level in the diet
was the most efficiency for nursery pigs.
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Table 1 Comparison of chemical, phytonutrient composition and antioxidant efficiency in crude hemp seed

cake and hemp seed meal

Units (%oW/W)

ltem Crude hemp seed Hemp Seed Meal diff
cake (CHSC) (HSM)
Chemical composition®
Ash (%) 5.20 7.21 2.01
Carbohydrate (%) 49.87 45.06 -4.81
Crude Fiber (%) 18.17 12.01 -6.16
Crude Protein (%) 30.40 32.46 2.06
Crude Fat (%) 6.84 7.95 1.11
Moisture (%) 7.69 71.32 -0.37
Gross Energy (kcal/keg) 3,799 3,594 -205.00
Phytonutrient composition?
Cannabidiolic acid (CBDA) 0.005 0.115 0.11
Cannabidiol (CBD) 0.005 0.037 0.03
Cannabinoid (CBN) 0.002 0.005 0.001
Tetrahydrocannabinolic acid (THCA) 0.001 0.011 0.01
Tetrahydrocannabinol (THC) 0.001 0.026 0.03
Antioxidant efficiency (mg GAE/g DW)?
Total Phenolic Content (TPC) 14.92 32.31 17.39
Antioxidant potential capacity (APC) 10.97 21.28 10.31
DPPH reaction (ADA-DPPH) (%) 39.28 41.98 2.70

Note: 'Central Laboratory (Thailand) Co., Ltd

2Cannabis Extraction and Analysis Laboratory at Cannabis LAB Laboratory for Motional Cannabis Research, Faculty of Arts

and Sciences, Kasetsart University Kamphaeng Saen Campus

3Animal Feed Physical Laboratory, Natural Resources and Environment, Naresuan University

Table 2 Fatty acid, amino acids and mineral composition of hemp seed meal used in the experiment

Composition Unit
Fatty acid composition

Palmitic acid (C16:0) 1.03
Stearic acid (C18:0) 0.40
Arachidic acid (C20:0) 0.11
Behenic acid (C22:0) 0.05
Saturated fatty acid 1.61
Palmitoleic acid (C16:1n7) 0.01
Cis-9-Oleic acid (C18:1n9¢) 1.50
Monounsaturated fatty acid 1.54
Cis99,12-Linoleic acid (C18:2n6) 5.30
Gamma-Linolenic acid (C118:3n6) 0.06
Alpha-Linolenic acid (C18:3n3) 1.35
Cis-11,14-Eicosadienoic acid (C20:2) 0.01
Cis-5,8,11,14,17-Eicosapentaenoic acid (C20:5n3) 0.03
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Composition Unit
Polyunsaturated fatty acid 6.77
Unsaturated fatty acid 8.31
Omega 3 (mg/100g) 1382.57
Omega 6 (mg/100g) 5372.41
Omega 9 (mg/100g) 1516.62
Amino acid profile (mg/100g)

Alanine 1759.87
Arginine 4685.97
Aspartic acid 4057.87
Cystine 543.58
Glutamic acid 7153.83
Glycine 1711.70
Histidine 1211.90
Isoleucine 1507.60
Leucine 2651.77
Lysine 1494.46
Methionine 725.95
Phenylalanine 1861.59
Proline 1393.08
Serine 2102.04
Threonine 1436.67
Tryptophan 456.41
Tyrosine 1243.80
Valine 2010.61
Minerals (mg/kg)

Calcium (Ca) 2968
Copper (Cu) 20.89
Iron (Fe) 56.96
Magnesium (Mg) 10,330
Phosphorus (P) 22,825
Potassium (K) 17,080
Selenium (Se) 0.78
Sodium (Na) 49.9
Zinc (Zn) 117

Note: 'Central Laboratory (Thailand) Co., Ltd

WHUNTITNARDILAZDINITNARDY

MUHUNINAGBUUENaNY el (completely randomized design; CRD) Anw1n13ld HSM Tuawvnsgnsnen
unAmau [(Landrace x Large White) x Duroc] 973y 40 63 81y 21- 63 Ju whwiin 5.48+0.2 Alan3u Lﬁquﬂﬂu
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dledugansnaasdlutudl 42 vesnismeaes iiudedadenansnnialuaniizdniliens s Tasnisane
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peroxidase (GPx) 1n &JIG&“mmnaaua"ﬂ L?ﬁ]g‘d Superoxide Dismutase Activity Assay Kit , Glutathione Peroxidase
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Anseideyalaun1smainuwlsusIuswlagds Analysis of Variance (ANOVA) uazluTguliiguany
wAnsnsesrnadelngds Duncan’s New Multiple Range Test (Steel and Torrie, 1980) Tngldlusunsudnsagy PSS
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Table 3 Composition of the experimental diets (as fed basis)

Dietary treatment
Ingredients (%)

HSMO HSM5 HSM10 HSM15
Broken rice 30.00 30.00 30.00 30.00
Grounded corn 19.35 19.20 19.30 19.45
Skim milk powder 5.00 5.00 5.00 5.00
Soybean meal 34.20 31.50 28.50 25.50
Rice bran 6.00 4.00 2.00 0.00
Hemp seed cake 0.00 5.00 10.00 15.00
Soybean oil 2.20 0.15 0.20 0.25
Lysine 0.10 0.15 0.20 0.25
DL-Methionine 0.25 0.25 0.30 0.30
Dicalcium Phosphate 1.60 1.60 1.60 1.60
CaCO, 0.50 0.50 0.50 0.50
NaCl 0.35 0.35 0.35 0.35
Vitamin-mineral premix 0.25 0.25 0.25 0.25
Anti-mycotoxin 0.10 0.10 0.10 0.10
Pellet Binder 0.10 0.10 0.10 0.10
Calculated chemical composition (%)*
Crude protein 22.03 22.13 22.13 22.12
Ether extract 4.63 4.51 4.40 4.29
Crude fiber 3.43 3.62 3.81 3.99
Metabolizable energy (kcal/kg) 3,401 3,408 3,412 3,419
Antioxidant efficiency (mg GAE/g DW)?
Total phenolic content (TPC) 17.83 20.79 22.36 2297
Antioxidant potential capacity (APC) 8.90 10.85 12.47 13.12
DPPH reaction (ADA-DPPH) (%) 15.17 18.19 21.03 21.56

Note: !Central Laboratory (Thailand) Co., Ltd

2Animal Feed Physical Laboratory, Natural Resources and Environment, Naresuan University

NAN1TNAABILAZIANT
Ussdndamnmsudngnsayuna
91nM3ANwINSIY HSM i CHSC 1sinunszUIuMsUUYTImsnenm andulszneuvoudeloas
Usgnoulugnsemsanseyunaluszdunisld 0, 5, 10 uaz 15 % awdifu manis@nwimuin gnsngu HMS wileld
HSM 5 % Tugnslaldwmasionisfuls mafiudmidng nsisguivlnvesgnsoyua Ssaonndastunsdnyives

¥

Madsen et al. (2022) iilold HSM Tugnse1msansunseau 4% uiannnisAnwinudnileld HSM 10 % luemns

v o o

(g HSM10) HxaviliindndignsiiuduiieiUTeuiisuiunga HSMO wag HSMS5 ageilduddgynisatia (P<0.05)



King Mongkut’s Agr. J. 2024 : 42 (2) : 152 - 162 159

wazaInMsAnmigvuBnitansngy HSM10 fiusinaemsiinuldiadese fuludUnwid 1-2 snndransnga HSM15 7
Husedunsld HsM geanlumsdinunil sasisanandy HSM10 Snsnaisyiiulngefianlutnaesdunrinin wavas
faganasnnisnaass 6 dUam (P<0.05) usiileld HSM 15% luensndudwmaliignsiuevnsanadlutng 2 dUnviusn
vilvidnadusnsmsaiydvln Weilsuiuansngu HSM10 (P<0.05) Faeraidululdinnisld Hsm fidsmsiiduves
Waenwdanauagiilelifissdyu 15% dwasiosanivesemnsiuilinisiuemsvesgnsanasdaazdannldangns
omsidleld HM 15% USunandeleneuvesgnsemsazgsiia 3.99 % Jaaenadesiusiearues Jaimasr et al
(2022) Tlmnwidafaysaney (CHSC) 5 % luansszevidnyinlvionsiidelenetu 4.3¢ % vilsinnsAuemsvesansi
wltuanas uslunsfnunindsannnnaesdadunid 3- wag 5-6 anangu HSM15 Aanusauiudald Auevnsld

a

WnTuauvhliAedeveslsunaensniuldiade 6 duamilduand1siunnngunisneass wardnsinisasyiulaaeie
6 dUnnilaisingaingu HSM10 (P>0.05) dugnsngu HSM5 uagngu HSMO Tuuilduivsunaemnsniuliadesdeiulu
damifl 1-2 IndlAssiungu HSM10 (P>0.05) dmsudnsinisidsuemisiluiindndildunnaiamisadd (P>0.05)

JEMINNGUNAReY (Table 4)

Table 4 The effect of dietary hemp seed meal on growth performance of nursery pigs

Dietary treatment

ftem HSMO HSM5 HSM10 HSM15 >EM Prvalue
Initial weight (kg) 5.44 5.49 5.42 5.57 0.04 0.66
Weight gain (kg) 14.44° 14.32° 15.98° 15.21% 0.19 0.00
Final weight (kg) 19.88° 19.81° 21.40° 20.78% 0.20 0.00
Average daily feed intake; ADFI (g/d)
Week 1-2 353.50% 352,19 407.39° 334.09° 10.19 0.05
Week 3-4 550.37 512.54 572.81 536.30 13.49 0.47
Week 5-6 679.53 726.86 747.98 754.89 16.10 0.35
Week 1-6 527.80 530.53 576.06 541.76 9.05 0.21
Average daily gain; ADG (g/d)
Week 1-2 200.51° 213.77° 247.96° 206.12° 5.02 0.00
Week 3-4 376.53°  347.45° 412.25° 406.63° 8.78 0.02
Week 5-6 454.08 461.73 481.12 473.47 4.89 0.21
Week 1-6 343.70° 340.99° 380.44° 362.07™ 4.50 0.00
Feed conversion ratio; FCR (G/F)
Week 1-2 1.76 1.65 1.65 1.63 0.03 0.43
Week 3-4 1.46 1.47 1.40 1.32 0.03 0.15
Week 5-6 1.50 1.57 1.55 1.59 0.03 0.66
Week 1-6 1.54 1.55 151 1.49 0.03 0.81
Diarrhea incidence (%) 7.10 5.00 7.50 6.90 0.76 0.67

ab Different superscripts in the same row indicate significant differences (P<0.05) among treatment groups.

A0UYAANNY LAZNITNBUAUBWIAINNATEAVDIHNITOUUIA
dmdunsfinwaniuzgiiduiluidesvesgnseyuiaiilesu HSM mnmsnsrasoummdnduvesduylulnay
A1 (1gM 1gG uag IgA) WuingnInauld$u HSM 10% danariali 1gm ludangand naa HSMO, HSM5 Uag HSM15
(P<0.05) dnsuansngu HSM10 wag HSM15 wudndsedu 16 ludanganingnsngu HSMO dauansngu HSMS 3
wwildlndidesiungu HSM10 wag HSM15 (P<0.05) mansnwndsnaningunisneaesdaluanmsifieafuiuniaies
#8538 UUNN9I¥UIBTNIALUY Evaporative Cooling Pad System flaanndasiumaiisndsgnannnssailuilagi fs
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aonAdasiun1sAnwIves Vodolazs & Lauridsen (2020) el iingnansiifuuuainusignsiildsuthiumdadyadu
2R 5% fanududureduylulnayduiinniinguaiuauegadivedfyneeads (P<0.001) eradunaunainuigns
Iesumnsiifinanluurinliddus (Polyunsaturated fatty acid; PUFA) TuuSunasfisnnwefiazdsmalininududuves
wadlindenuns uardinlnadnludsuasunlasilensouifisuiuemnsiiil PUFA 1 aeandesfiunisiada n-3 PUFA
TuesgnIvImdInnmE Y IsdRasun1sNSRSYALLe anan1lzesen ane1nsviends wasnsedugiauiuls (Li
et al, 2014; Zhang et al,, 2020) dw¥unsld HSM Tuensdnd Wumsgmidiaiseengnimadueiivisdaady
LazUduaunaan1zaaieaiiiinanufiseteendiadu deainaunaassnuinssdureaeulesl Superoxide
Dismutase (SOD) luwanasnvesgnansnau HSM10 uag HSM15 dl5esu SOD sniangu HSMO wag HSMS5 (P<0.05)
wansINansfinuemsiid HsM udiuuszneu szdsanmisiiaiauveseulesilunstesiunisiinesndlad
(antioxidative enzyme) titelvhminiissfAse1dadiandu (Dismutation Reaction) FIaneyyadaseitina1nns
wragynieluigad daungu HSM15 Faduszdunsléaamivdamarinliieuls:l Glutathione Peroxidase (GPX)
mnsdutugsgailenSouiisuiiungudu (P<0.05) Fsansnenu GPx Tudsuvesansvaseny 42-63 Yu azillausinines
dmsunsissfiteveaeulul Mlunseduliizoisndusielelasioseenledlneazogluguiidngnilvleou udazls
amidundnsusiaainevesjisenlunisauauannizuniivessad (Stukel et al, 2013; Vaskova et al,, 2012; Xu
et al, 2018) azunsld HSM lugnsomsazasananzaonoondindulussduwadld aennnosiu Le et al
(2019) uaz Omthonglang et al. (2021) &MSUNNTNTINABUANILLATEAIIN SEAUTRS LUUADTRTRALUABANT WU
ansnau HSM5 fszdunasiveariningnsngunisvaaesdus (P<0.05) dugnsngy HsM10 fuwdliulndiAssiuans
N HSM5 usidiAnendngnsnga HSMO, HSM5% (P<0.05) Fsaeardosfiu Kongkeaw et al. (2022) uag Michael et al
(2022) fisrenuindywsannsoanUsinausesluunesivoaludnsly ogralsAmumuduiussening SOD uaz PGx 1y
wnifufunnaunasemuhanududuresoulsl SoD fanamunrszdumimduiures GPx sty oradesunan
Tu HSM fiUSuves Polyunsaturated Fatty Acids (PUFA) ﬁé’qmﬁaagjmﬂmsmumiaﬁmﬁwﬁu &4 PUFA nszRu
anugvasasiueyyadasylag lUFusfuniansedu Nuclear Factor Erythroid 2-related Factor 2 (Nrf2) Bnviadfad]
dalun1sduds NFkB Fadunisvinusiuiussninseansesngrsnistaiaiivesiyws CBD wag Phenolic Compounds
%ﬁmﬁwﬁﬂ%’uamau,asmmmﬁuégaﬂﬁﬁ’mumamulsaﬁ Lipoxygenase lnganusasdnduiiulessureunind uiy
Cofactor dsmaloulesifnanlalannsavinuld Weaslunguisveyuedasudnululuonaud eyyadaszandily
ogfludfisTonuud (Resonance) uazshlsluianadndmiafiostuuazanmiuguussvateyyadasyas (Nimse et al,
2015; Palade et al. 2019) Tnsmsuansivannizunivanielunasmeusnizad Ussiiumedouldnnumnuesiny
Fasnnadaivln warsedugeiluunesfven wunlduvesnansAnuinanddiifuingnsiiau HSM ansatesdu
mnsnTeanUfizensendiniu uastisanmsvioniliAenssnauluszdueadld dunsmseaoudduaives
denlumsdnwillamuauuannsfumseadd (P>0.05) (Table 5)
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Table 5 The effect of dietary hemp seed meal on immunological function, oxidative stress derivatives and

hematological changes in nursery pigs

Dietary treatment

ltem SEM P-value
HSMO HSM5 HSM10 HSM15

Immunoglobulin (mg/dL)
IgM 41.43° 42.18° 55.15° 40.37° 1.95 0.01
IgG 227.50° 247.80%° 268.40° 267.50° 5.39 0.01
IgA <25.00 <25.00 <25.00 <25.00 0.00 -
Oxidative stress
Superoxide Dismutase (U/ml) 121.12%° 125.32° 79.98" 73.37° 7.94 0.02
Glutathione peroxidase (U/ml) 620.74° 643.50" 651.92° 764.20° 17.88 0.01
Cortisol hormone (Serum) (ug/dL) 5.20° 2.32° 3.53" 3.98% 0.31 0.00
Total blood cell
Red blood cell (x10%/cu.mm) 6.99 7.08 7.15 6.82 0.09 0.59
Hemoglobin (g/dL) 11.72 11.62 10.84 11.04 0.19 0.28
Platelet count (x10%/cu.mm) 38.68 36.44 37.85 38.04 1.40 0.96
White blood cell (x10%/cu.mm) 14.20 14.97 14.80 15.97 0.40 0.50
Hematocrit (%) 36.60 34.50 34.60 33.20 0.53 0.17
Neutrophil (%) 31.00 35.57 39.33 34.17 1.52 0.31
Lymphocyte (%) 62.33 62.67 61.38 67.00 1.54 0.64
Monocyte (%) 4.20 3.83 4.50 4.50 0.24 0.74
Eosinophil (%) 2.20 2.50 3.33 2.43 0.23 0.36

b Different superscripts in the same row indicate significant differences (P< 0.05) among treatment groups

a3Unan1sAnen

mmmamﬂmm AunszuILMIINeamivsnzan annsoliduingivevnsansseveyuialdds 10%
dwaidetwiingns Uinuewnsiinuaiesety sannsaiaiiln ansziuresanmzedeneendiaduisnneluuas
Meuenwas anszrugesluunesfvoalufondns EJfW]QiJﬂ’]UQ‘UiS@UQ@J@Mﬂ‘u‘ﬂﬁ]ﬂ?jﬂﬂ@LLﬂSzfﬂ‘U IgM uae IeG Linduly
ANTER BT UAUNSIA B9 IB3EUUANSSEUIINIALUY Evaporative cooling pad system figenndasiunisiaeads
gaamnssululagiu

a

AnRNSSUUSZAA

o

YOUOUANUIEN LWlFadma 3110 dwunisatvayy agavdmiunmmeassiasuiduniglianusiuionu
NUITYTENINUTINUALUNINGIFEULTAIT

LONE1TDN9D

Bushong, D. M., Friend, T. H., & Knabe, D. A. (2000). Salivary and plasma cortisol response to adrenocorticotropin administration in
pigs. Laboratory Animals, 34, 171-181.

Jaimasri, R., Boonchoo, R., Omthonglang, W., Choot, O., Wichasit, N., Kongkeaw, A., & Tatrakoon, W. (2022). Chemical composition,
the antioxidative potential of hemp seed cake and usage tests in starter-grower pig diets. Khon Kaen Agriculture Journal,

50 (Suppl1), 259-264.



162 MIATNYATNITTIDUNGT 2567 : 42 (2) : 152 - 162

Kongkeaw, A., Jaimasri, R., Phudsalad, N., Mokmued, P., & Tartrakoon, W. (2022). Application of hemp root as a functional dietary
fiber to reduce stress in fattening pigs. Khon Kaen Agriculture Journal, 50 (Suppll), 253-268

Le, H. H., Vidacs. E., Phillips, D. J., Zhao, W., Furness, J. B., Gabler, N. K., Renaudeau, D., Wijffels, G., Dunshea, F. R., Giacomo, K.
D., Roura, E., Leury, E. J., & Cottrell, B. (2019). PSIV-8 Effect of selenium and superoxide dismutase supplementation on
heat-stressed pigs. Journal of Animal Science, 9(2), 179-189.

Li, Q., Brendemuhl, J. H., Jeong, K. C., & Badinga, L. (2014). Effects of dietary omega-3 polyunsaturated fatty acids on growth and
immune response of weanling pigs. Journal of Animal Science and Technology, 56, 7.

Madsen, P. A, Curtasu, M. V., Canibe, N., Hedemann, M. S., Pedersen, M. L. M., & Lauridsen, C. (2022). Non-targeted metabolomics
of saliva to explore potential biomarkers for gastric ulceration in pigs fed hemp. Animal, 3, 1043-1047.

Michael D. K., Weeder, M., Montgomery, S., Martin, M., Curtis, A., Magnin, G., Lin, Z., Griffin, J., & Coetzee, J. F. (2022). Short-term
feeding of industria hemp with a high cannabidiolic acid (CBDA) content increases lying behavior and reduces biomarkers
of stress and inflammation in Holstein steers. Journal of Scientific Reports, 12(1), 3683.

Mohamed, R., Fairbrother, J. M., Beaudry, F., & Letellier, A. (2017). Post weaning diarrhea in pigs: risk factors and non-colistin-based
control strategies. Acta Veterinaria Scandinavica, 59, 31.

Nimse, S. B., & Pal, D. (2015). Free Radicals, Natural Antioxidants, and Their Reaction Mechanisms. RSC Advances, 5(35), 27986-
8006

Omthonglang, W., Jaitup, R., ot, O., Kongkeaw, A., Incharoen, T., Monprasert, C., & Tatrakoon, W. Ch. (2021). Effect of Cordyceps
militaris spent mushroom substrate on growth performance and oxidative stress in nursery pigs. Khon Kaen
Agriculture Journal, 49 (Suppll), 75-80

Palade, L. M., Habeanu, M., Marin, D. E., Chedea, V. S., Pistol, G. C., Grosu, I. A,, Gheorghe, A, Ropota, M., & Taranu, I. (2019). Effect
of dietary hemp seed on oxidative status in sows during late gestation and lactation and their offspring. Animals, 9(4),
194.

Pluske, J. R., Hampson, D. J., & Williams, I. H. (1997). Factors influencing the structure and function of the small intestine in the
weaned pig: a review. Livestock Production Science, 51, 215-236

Silversides, F. G. & Lefrancois, M. R. (2005). The effect of feeding hemp seed meal to laying hens. British Poultry Science, 46(2),
231-235.

Stukelj, M., Toplak, I., & Svete, A. N. (2013). Blood antioxidant enzymes (SOD, GPX), biochemical and haematological parameters in
pigs naturally infected with porcine reproductive and respiratory syndrome virus. Polish Journal of Veterinary Sciences,
16(2), 369-376.

Rocca, G. D., & Salvo, A. D. (2020). Hemp in Veterinary Medicine: From Feed to Drug. Frontiers in Veterinary Science, 7(287), 1-11.

Ryz, N. R, Remillard, D. J,, & Russo, E. B. (2017). Cannabis Roots: A Traditional Therapy with Future Potential for Treating
Inflammation and Pain. Cannabis and Cannabinoid Research, 2(1), 210-216.

\/asvkové, J, Vasvko, L., & Kron, I. (2012). Antioxidant Enzyme: Oxidative Processes and Antioxidative Metaloenzymes.
Headquarters, IntechOpen Limited.

Vodolazs, K. D., & Lauridsen, C. (2020). Effects of dietary hemp seed oil to sows on fatty acid profiles, nutritional and immune
status of piglets. Journal of Animal Science and Biotechnology, 11, 28.

Xu, Y. U, Wang, Z. Q., Qin, Z, Yan, S. M., & Shi, B. L. (2018). Effects of chitosan addition on growth performance, diarrhea, anti-
oxidative function, and serum immune parameters of weaned piglets. South African Journal of Animal Science, 48(1),
142-150.

Zhang, J. Y., Wang, X. B., Hu, J., & Kim, I. H. (2020). Effects of dietary supplementation with graded levels of omega-3 fatty acids on
growth performance, nutrients digestibility, blood profile, fecal microbial in weaning pigs. Journal of Applied Animal

Research, 48(1), 390-396.



