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Effect of Cocoa Husk Meal Supplementation on Blood
Hematological, Carcass Characteristics and Meat Color

of Broiler Chickens
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ABSTRACT

This study was conducted to evaluate the effects of cocoa husk meal supplementation
on blood hematology, carcass characteristics and meat color of broiler chickens. A total of
200 one-day-old mixed-sex Arbor Acres broiler chicks were used in a completely randomized
design. Birds were randomly assigned to 4 dietary treatments consisting of 1) control (no
cocoa husk) 2) cocoa husk 3) cocoa husk crude extract and 4) cocoa husk microemulsion
extract with 5 replicates per treatment and 10 birds per replicate. Feed and water were
provided ad libitum throughout the 42-d experimental period. The results indicated that
cocoa husk meal supplementation had no significant effect (P > 0.05) on blood hematological
parameters; however, a decrease in the heterophil to lymphocyte (H:L) ratio was observed.
In addition, dietary supplementation with cocoa husk and its extracts did not affect meat
quality traits or meat color (P > 0.05). In conclusion, cocoa husk and its extracts can be
included in broiler diets without adverse effects on hematological parameters, carcass

characteristics, or meat quality.

Keywords: Broiler Chickens; Cocoa Husk Meal; Blood Hematological; Carcass Characteristics;
Meat Color

unun

Tnlf (cocoa) dmduiivlumszga Sterculiaceae F¥o13anmeswgnumansin Theobroma
cacao L. dnduliinaniou waalnlAffusudauinaunasidndadutiduiu (1] Seudgnly
wauslRMINa aisMle wensnle uasleWeny Tueanidedls AulnlgeUseana 12 wes Wiywuln
alussewedlst Iinanandous 18 LaauwﬁqﬂqﬂLLazﬁ]ﬂﬁwawamﬁumuﬂﬁ 5 NananUsznn 70
fia 100 Hnsel orensiiunandnuszuna 25 3 50 U [2] Lﬁuﬁﬁjﬁ'@uadw L3LAulas nuuds
waglvinandnga Tnelnlfazsulvinandaluli 3 %aﬁé’unum?{a 8,335.76 UWsols dnandn 1,406.09
Alansusiels namouwnndy 12,654.81 vneels uardT 4 ﬁé’fuv;um?ia 9,110.53 Uwsiols dnanan
212555 Alansunels nansuwnueay 19,129.95 umasls ﬁmmﬁuﬁhmqmwgﬁﬁ]ﬁ%amﬂu
szozaan 30 U [3] Tagtulimsdaaiumsugnlnlimnnavessemelne Tunang fusenideavile
ﬂgﬂmmﬁéﬁwi’mqmmﬁ NUBIAY VDULAY LazUATIBENI[4] Ussinalnedinisdsoonnandnlnli
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War1 3,534.00 auum dwmsuanudesnisneludseing dnsdndmwdndunilnlilul w.e. 2566
yarn 2,675.83 a1uumn waglul w.a. 2567 Aaduyaen 3,897.78 duum [5]
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(polyphenol) Fufuansiueuyadas: twanareioanavanseiulusuluien nswdalnidoly
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Hueundevionanassld ndinfitiudasenanualnliveanunsnsudelssnundalnld [7]
Tngasndeidentnliuszana 75% [8] Svidfeiinenuinddenlnlatasduduuniise (9] uas
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F/ANLUNITIY

1. &ninnaedldliidonusniskionfiues tewnes (Arbor Acres) Aazina 01y 1 Yu S1uau
200 ¢ \sdlridelunendasin Tulsufeuszuuda aonillfidsnduiiunouninysesfounay
fiufinendivuin 2.4 mmaansenen duuenldidessndu 4 nqunases (sUuuumMsIEsuLUGen
Inlndu: ldasuaenlnlndu w@sudeninlndu w@sudeninlianaveudy wasiasuiudenlala
arinlulasddadudu) muwnunisvaaeswuuduauysel (Completely Randomized Design) 31u3u
4 NFUNARDIY AT 5 §19 8% 10 6 (wee] 5 61 Uag ineidle 5 69)

2.mswssaldenlnlniaues dnldenlnliunvianugyeialasunliaziden (1Waenlnld
unazBun) wdntudeninldunazidununatin Tnosauyasmindsues Chidan et al. [18] Ing
wraenlnTAlueniuea 95% Wunan 4 s udsmntasinmsseveenuea waviuddeninld
Frnumsanalumnuanliui (Wasnlnliataneiu) ansadaveruingnseuiunsvilviansania
veeglugulilasddatu (Waenlnliliadalilastiatiy) Inedauuaminisues Xiangzhou et al. [19]
way Lutfi et al. [20] vinsiesizviesruseneumaaiiveaUdeninly wWasnlnliainuenu wavilden
Inladmunludiatu lneusem viesUufnisnan Usewelne) 91 kan1sieseiesmusenoumand
wuiaenlnlAvy wWienlnlfasaveudy wesdeninlfadalulassadululuanmutdanuiy
(air dry basis) fusunalnsuglnalfsiu GlUsiy 7.56, 7.54 wag 7.50% lusiy 1.18, 1.15 wag 1.04%
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Woly 26.74, 26.59 uaw 25.89% i 11.09, 11.17 waz 10.22% uilesnl 42.13, 41.95 waz 44.25% [21]
LasndanuaLn 3167.55, 3146.70 uaz 3194.39 Alaupasisenlansy Auasu
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4. gos mungunaaes: BieSuuFeninlivu wiudenlnlidu wSudenlnlfaiaveiudu wasiesy
WaenlnlAafnlilasaadulu wsnmsiaseenidu 2 svey A szoy 1 89 3 dUawi uazszes 4 89 6
dUani Useneugesermsludilusiu Wil Use Toadle W3519) UAZINNAIY ATIWUAILADINTT
vadlilide mufuuztiwes NRC [22] fauansly Table 1 uay Table 2 WlAuioldguamwnsuaziinets
Wil (ad libitum) Tuaan 06.30 wae 17.00 w.
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Table 1 Experimental diets for broiler chicken age of 1-3 weeks

Experimental diets Cocoa husk meal supplemer\t1

Non-CHM CHM CHM-CE CHM-ME
Ingredients, %
Soybean meal 12.88 12.36 12.36 12.36
Full fat soybean 40.00 40.00 40.00 40.00
Broken rice 36.00 36.00 36.00 36.00
Rice hulls 3.00 0.52 0.52 0.52
Cocoa husk meal 0.00 3.00 3.00 3.00
Soybean oil 3.18 3.18 3.18 3.18
Dicalcium phosphate2 2.15 2.15 2.15 2.15
Calcium carbonate’ 1.45 1.45 1.45 1.45
Common salt 0.60 0.60 0.60 0.60
DL-Methionine 0.24 0.24 0.24 0.24
Premix’ 0.50 0.50 0.50 0.50
Total 100.00 100.00 100.00 100.00
Nutrients calculated, %
Dry matter 90.23 90.20 90.19 90.20
Crude protein (Nx6.25) 23.00 23.00 23.00 23.00
Calculated ME, kcal/kg 3000, 3041, 3041, 3044,
Ether extract 10.74 10.77 10.77 10.76
Crude fiber 7.83 7.60 7.60 7.58
Calcium 1.20 1.20 1.20 1.20
Available phosphorous 0.50 0.50 0.50 0.50
Lysine 1.40 1.40 1.40 1.40
Methionine 0.60 0.60 0.60 0.60
Methionine + Cystine 0.98 0.98 0.98 0.98

Remarks: 'Coa husk meal supplement: Non-CHM = Non Supplement cocoa husk meal; CHM = Cocoa husk meal; CHM-CE =
Cocoa husk meal-crude extract; CHM-ME = Cocoa husk meal- micro emulsion extract, 2Comtained 23.31 % calcium and 17.48 %
phosphorous; *Calcium content 38.00 %; *Mineral and vitamins premix provided the following per kilogram of diets; manganese,
86.28 mg; iron, 108.11 mg; copper, 62.74 mg; selenium, 32.75 mg; zinc, 136.99 mg; iodine, 1.64 mg; vitamin A, 1650 IU;
cholecalciferol, 330 IU; vitamin E, 100 mg; vitamin K, 4.31 mg; vitamin B,, 2.53 mg; vitamin B,, 8.02 mg; nicotinic acid, 53.96 mg;

vitamin Bg, 2.53 mg; vitamin B,,, 1.54 mg; pantothenic acid, 13.23 mg; folic acid, 1.38 mg; biotin, 5.50 mg; and chorine, 2583.33 mg;
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Table 2 Experimental diets for broiler chicken age of 4-6 weeks

Experimental diets Cocoa husk meal supplemer\t1

Non-CHM CHM CHM-CE CHM-ME
Ingredients, %
Soybean meal 11.35 10.84 10.84 10.84
Full fat soybean 30.50 30.50 30.50 30.50
Broken rice 48.00 48.00 48.00 48.00
Rice hulls 3.00 0.51 0.51 0.51
Cocoa husk meal 0.00 3.00 3.00 3.00
Soybean oil 3.05 3.05 3.05 3.05
Dicalcium phosphate2 1.93 1.93 1.93 1.93
Calcium carbonate’ 1.10 1.10 1.10 1.10
Common salt 0.40 0.40 0.40 0.40
DL-Methionine 0.17 0.17 0.17 0.17
Premix’ 0.50 0.50 0.50 0.50
Total 100.00 100.00 100.00 100.00
Nutrients calculated, %
Dry matter 90.04 90.00 89.99 90.01
Crude protein (Nx6.25) 20.00 20.00 20.00 20.00
Calculated ME, kcal/kg 3000, 304,2 304,2 3044,
Ether extract 8.97 9.00 9.00 8.99
Crude fiber 8.38 8.15 8.14 8.12
Calcium 1.00 1.00 1.00 1.00
Available phosphorous 0.45 0.45 0.45 0.45
Lysine 1.20 1.20 1.20 1.20
Methionine 0.50 0.50 0.50 0.50
Methionine + Cystine 0.84 0.84 0.84 0.84

Remarks: 'Coa husk meal supplement: Non-CHM = Non Supplement cocoa husk meal; CHM = Cocoa husk meal; CHM-CE =
Cocoa husk meal-crude extract; CHM-ME = Cocoa husk meal-micro emulsion extract, 2Contamed 23.31 % calcium and 17.48 %
phosphorous; *Calcium content 38.00 %; *Mineral and vitamins premix provided the following per kilogram of diets; manganese,
86.28 mg; iron, 108.11 mg; copper, 62.74 mg; selenium, 32.75 mg; zinc, 136.99 mg; iodine, 1.64 mg; vitamin A, 1650 IU;
cholecalciferol, 330 IU; vitamin E, 100 mg; vitamin K, 4.31 mg; vitamin B,, 2.53 mg; vitamin B,, 8.02 mg; nicotinic acid, 53.96 mg;

vitamin Bg, 2.53 mg; vitamin B,, 1.54 mg; pantothenic acid, 13.23 mg; folic acid, 1.38 mg; biotin, 5.50 mg; and chorine, 2583.33 mg;
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(hematocrit: Hct) druudiaidanuna (red blood cell: RBC count) s1uautiaidenuna (white
blood cell: WBC count) Tinsgsinenviinveadinaidenyii (differential leukocyte count) lauwn
Sovavvodindonunvindlodluila (eosinophil) Talulws (monocyte) aulwlas (lymphocyte)
wazianmelsila (heterophil) Wisthlumsnsdmresninelsitasedulnles (H/L ratio) Tagld
wSeslaTeRidendnludf (auto hematology analyzer; Model BC-5300, SHENZHEN MINDRAY
BIO-MEDICAL ELECTRONICS CO.,LTD, Shenzhen, China)

4.2 MIANEIRNYULIIN
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5.MIIATNUeyan19Eta JAs1eiAuulsUTIU (Analysis of Variance; ANOVA) vasdaya
waziSeuiieunnuunneavesaadelagdd Duncan’ s New Multiple Range Tests [24] ¢e
TWsunsudndagy SAS [25]
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Nan1sAnYINUINNSLEsUUAannIA kidenademlafinine1vesiniie TnelndlieAlasua1ms

Tdasudaninlidu ermsiasuldaninladu enunsiasudeninlnanane vl wagemisiasy
wWasninldanalulasdiatuly danududuvesdadanunsdawiy Slulnadu Sruiuinidontns
Frunudiadenvn Wadesvviaenmelsila (H) duldled (L) Tululed Sledlufla waven

gns1druenmelsilaneaulnled (H/L ratio) lauana1eiy (P>0.05) Asuandly Table 3

Table 3 Effect of dietary Cocoa husk meal on blood parameters

[tems Cocoa husk meal supplement1 SEM  P-value
Non-CHM CHM CHM-CE CHM-ME

Hematological characteristics

Hematocrit (%) 38.59 38.98 39.23 39.41 0.64 0.818
Hemoglobin (g/dL) 12.92 12.95 13.08 13.32 0.37 0.868
Red blood cell (x10° cell/uL) 2.76 2.92 2.88 2.96 0.10 0.555
White blood cell (x10° cell/uL) 4.71 4.65 4.54 4.53 0.15 0.812
Heterophil (%) 39.30 38.65 38.25 37.45 0.56 0.168
Lymphocyte (%) 55.20 55.83 56.09 55.90 1.06 0.939
Monocyte (%) 2.43 2.33 2.24 2.29 0.14 0.778
Eosinophil (%) 5.75 5.60 5.56 5.51 0.42 0.980
H/L ratio 0.72 0.69 0.68 0.67 0.02 0.442

Remarks: 'Coa husk supplement: Non-CHM = Non Supplement cocoa husk meal; CHM = Cocoa husk meal; CHM-CE = Cocoa

husk meal-crude extract; CHM-ME = Cocoa husk meal-micro emulsion extract

NANSANYIANWUZYIN

namsanwmulaieilasuemsliasuddonlnlilu ownsasudeninlidy e1ms
wudentnlnadaveudu wavomsasuuionintiaialulasdlatudu Inanmennlndiesiu
TneiiUodidudenn Weoddudvastudiu 1dun oen avlnnsaudes In fu e Au 8114 way
lusfuresvios luunnateiu (P>0.05) aaudnslu Table 4
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Table 4 Effect of dietary Cocoa husk meal on carcass quality

Cocoa husk meal supplement1 SEM P-value
ltems
Non-CHM CHM CHM-CE CHM-ME

Carcass quality (%)
Carcass percentage2 88.54 87.43 88.53 88.25 0.30 0.065
Cutting percentage3
Breast meat 22.68 22.03 22.50 22.41 0.62 0.900
Thigh and drum stick 22.12 21.57 21.53 22.36 0.42 0.446
Wing 6.88 7.07 7.41 7.18 0.15 0.128
Liver 2.39 2.41 2.57 2.56 0.08 0.291
Heart 0.77 0.72 0.73 0.71 0.04 0.710
Gizzard 2.60 2.68 275 2.81 0.19 0.880
Intestine 5.64 6.01 5.87 5.81 0.09 0.070
Abdominal fat 1.77 1.79 1.76 1.74 0.11 0.987

Remarks: ‘Coa husk supplement: Non-CHM = Non Supplement cocoa husk meal; CHM = Cocoa husk meal; CHM-CE = Cocoa

husk meal-crude extract; CHM-ME = Cocoa husk meal-micro emulsion extract: “Carcass percentage = (Carcass weight / Live

weight) x 100: 3Cutﬁr\g percentage = (Organ weight / Live weight) x 100

NANNSANWNELLD

NansAnwINUIBleanwaziilaazinnveslnilanlasueimsiiasuudoninlady 81115
w@sudantnlndu enmswasudaninlnanmueuly wazesasudenininaialulasdiadulu

HAPuaIng (L) Aenuwnd (@) wagaanuwiasd (b*) luuansneiy (P>0.05) fakandlu Table 5
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Table 5 Effect of dietary Cocoa husk meal on color of breast and thigh meat

[tems Cocoa husk meal supplement1 SEM  P-value
Non-CHM CHM CHM-CE CHM-ME
Lightness (L*-value)
Breast 50.51 50.72 49.19 49.98 1.21 0.813
Thigh 51.35 51.40 51.49 51.82 1.15 0.991
Redness (a*-value)
Breast 4.25 4.41 4.39 a.a7 0.55 0.994
Thigh 8.08 8.21 8.43 8.55 0.69 0.963
Yellowness (b*-value)
Breast 12.63 12.81 12.78 13.05 0.90 0.991
Thigh 15.07 15.24 15.42 15.62 0.62 0.930

Remarks: ‘Coa husk supplement: Non-CHM = Non Supplement cocoa husk meal; CHM = Cocoa husk meal; CHM-CE = Cocoa

husk meal-crude extract; CHM-ME = Cocoa husk meal-nano emulsion extract

afUeELazasUNanN1sIY

msiasudeninlAvulsdmanerlaining winuillibeilasuemsiiasudeninld
Yuiinavihlvsinadaidenvnsiaenmelsilaanas dawavinlian H/L ratio anas Iaean H/L ratio
Hususdieanmiedon Fannlalfnanedensnanmelfnoyyadass (free radicals) fidovuivad
innRuRsliineuEemetused Lﬁ@lﬂ'Lﬁmmmm’%amuﬂa'aaaaﬁuum%ﬁi%mahu (corticosterone)
waznglamesineen (slucocorticoid) mamammamwmu Inavibiszaudiadenvsiiaenmelsila
meul,l,aummmmLaammasﬂuﬂaﬂw%maﬂaq 26] FsmsFnasitinsasudentnliuluonms
Tuosilien H/L ratio anas muanlmwmmm&J@LLasaigaﬂaaaizaﬂaﬂulﬂmawimummamam
Waenlnli M Hunaanarsnguailauesd (flavonoid) luiudenlnld Afussavsningdluns
AueuLABaTY [27] aamé’aqﬁumamiﬁﬂmﬁiwq'mdflﬂﬁLﬁui’mqﬁuﬁﬁ@mauﬁaé’hua%aaaix
Tuemndns HruanaueionaInnzesndeduld [16, 17] uazarnNan1sAnEINUIINISLESY
WaenllAUulidsmasednunwen aonndestunanisinuiisenuiilidefilésuesiléiuden
Tnifvuduingiuiesifusan (12-14, 28-31] WesibudBudiusingg veswin (Wedidudidosn
avlnnsandes warln) [30] wanesidudoToazeneg (Wesiduddu wila Au dld uazlutuges
V09) [12-14, 28-31] TlumnansiuliiilailgsuemsldiasudonTnlavy uenanndnuiinisiasy
WaerlnlAUulldmansenusedveaie WownaveudodunannBinalusiulilelnadu (myoslobin)
Tuiile Fadudviwadiinaniugnssuresidniios [32] winuiearuuns @) veudention
wazarlnnvaslidefldsuemaadudoninlivuiidgenindenthenuarasinnuaslidolasy
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