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Abstract

Coffee processing results in a large number of by-products. The coffee silver skin
(CSS) accumulates in large amounts as a by- product of the roasting process. It has higher
nutritional and functional properties. The objective of this study was to investigate the
efficacy of CSS supplementation in crossbred Thai indigenous chicken (Pradu-Hang dam) diet
on growth performance, antioxidant status in breast meat, microbial population in the cecum,
intestinal morphology, and gene expression. Six hundred one-week-old male broilers were
randomly allocated to 6 experimental groups with 10 replicates (10 chick/rep.): the control
group, the CSS groups with 0.5, 1.0, 2.0, 4.0 ¢/ kg feed and the antibiotic growth promoters
(AGPs) group, The broilers in each group were fed a diet for 12 weeks. The result showed
that the supplementation of CSS at 2.0 g¢/kg significantly increased growth performance, the
content of antioxidants in breast meat and improved intestinal morphology, when compared
to the control group (P<0.05). Moreover, the cost of feed was significantly reduced (P<0.01)
to 4.09 Baht/body weight gain. In addition, there was a decrease in Salmonella sp. and
E. coli populations in the cecum of Thai native chicken, when compared to the control group
(P<0.05). Furthermore, the inclusion of CSS increased the antioxidant genes and growth
promoter gene in the liver compared to the AGPs group (P<0.05). In conclusion, the results
indicated that the CSS supplementation had a beneficial effect on the productivity
performance of Thai native chickens and can be used as a substitute for AGPs in Thai native
chicken diets.

Keywords: coffee silverskin, native crossbred chicken, Pradu-Hangdum, feed additive
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Figure 1 Histological examination of small intestinal section. Magnification was 10 x objective

lens. Scale bars represent 200 pm.
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Table 1 Effect of coffee silver skin supplement on growth performance of Thai native

crossbred chicken.

Treatment!

Parameter SEM  P-value

CON CSS0.5 CSS1.0 CS52.0 CS54.0 AGP

Initial weight (g) ~ 51.74 51.24 52.35 52.49 52.78 51.65 0.19  0.177
Final weight (g)  1147.62° 1188.71° 1234.35"° 1282.63° 1260.16® 1188.76™ 12.26  0.009
Weight gain (g)  1095.88° 1137.48™ 1181.99°° 1230.14° 1207.38°®° 1137.12° 1225  0.010

ADG (g/d) 14.23° 1477 1535 1597° 1568 1476 016  0.010
ADFI (g/d) 65.73 64.11 61.99 62.58 64.31 64.42 045  0.167
4.65° 4.39" 4.05% 3.92° 4.13% 437 006  0.004

FCG (Baht/kg) 62.80° 59.28%° 54.63° 5294°  5576® 5912 083  0.004

! CON= basal diet group, CSS0.5 = basal diet with coffee silver skin 0.5 g/kg, CS51.0 = basal diet with coffee
silver skin 1.0 g/kg, CSS2.0 = basal diet with coffee silver skin 2.0 g/kg, CSS4.0 = basal diet with coffee
silver skin 4.0 g/kg, and AGP = basal diet with antibiotic as growth promoter.

=d Different superscript letters within each row are significantly different (P<0.05). SEM; standard error of

mean, ADG; Average daily body weight gain, ADFI; Average daily feed intake, FCR; Feed conversion ratio,

FCG; Feed cost per gain.
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linmasangu C552.0 fesidudangsiigregnafidoddgmeadfdleifisuiunguaiuay
(P<0.05) ueviai linuauuanAansadisetminen wazAndedidudeToazanglu ldun fu
iy vla Az nszinsun SlEEn wagle s Table 2

dmfunsnwiamninide (Table 3) wuin lnvaaosngu CSS1.0 ﬁmﬁl,l,ﬂﬂ,uﬁaqmﬁvqm
LANANIINNGUAIUANAENGUT LT UNSIETL AGP sgdlddmnaafia (P<0.05) uidendu
A5ANEI89 Martuscelli, et al. (2021) Wudnnsuasa CSS AsEaU 1.5% wag 3% arusoiiiuend
wnanardmdeduieonlindinisiuiusznevems lunainnaienisineinuia nsiasy
ansUszneuluedanluemsla dewasiordveaideld Tny Pashtetsky et al. (2019) $1891UNAYDS
@suansanansamaslsdidn (Chlorogenic acids) a1nTuls6e (Eucommia ulmoides) % 213y
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asUsznouftuednvindeatuieruudaniu nui amunsatiediviunseadoenliuazanai
a17989 5ﬂﬁdﬁﬁdwammiq@ﬁﬂﬁ’mﬁﬂmﬂﬂ’]'ﬁLLsziLﬁuLLam’liéTuqﬂ uazNISANYIVBY Young & Choi
(2003) w&@5uaN3aNAND8INLU (Oregano) Hlansusenauiiuednegluguvresmisnasea (Carvacrol)
warlsuoa (Thymol) Tuewnslaidle wuirludeld fseduaunsasdndosgeiu Weifleutunga
AIUAL

dotinsesiansiueyyadasludeanld nudinsiasy Css dwasionisazauasiy
oyyadasluioanlignuaniiuiios fauandlu Figure 2 Tnewuiilivaasangu €552.0 FUinaans
duoyyadassluilogeiianogaiiioddymeadn WeSoufioutundguaiunm (P<0.05) wansfasi
ol mninnseendunduveslesiu (lipid oxidation) avdwalduanasiumsiuiiu (rancidity) 1in
nMaAsunUasissani nau saduda wasd inenudsmeselassaisvedlusiu laudsns
gadvanuanuaysresiaINIsuiny (Yang et al, 2016) JagturhsudniUn demaSuansinu
ouyadasydauAsIwy (synthetic antioxidants) aslusmsiiteudlilym wafiniminagiua
Uaonsuiifedesiunsieliinlsaiosld ansiueyyadassainsssumA (natural antioxidants)
faendey Usznda anunsndeatunsidenanmvessdndoe uaznsusnmlselunanfeniu 39
Jumadeniifngy aenadasiuaufniiuves Candan & Bagdatl (2017) uaz Pashtetsky et al.
(2019) findnfansiaduasiueyyadastlusUuuusssund Lifisusiinasosisnevesdainly
iSEJSL‘\]%igLaUIGIWi’]ﬁIu widwatn1seendnduredlutiluiondmndunarauiimsiiusnuee
PNNSANBINSIETUASA UL ABATYETTHYIALLEIMSIA Jang et al. (2004) S8 UKANTTLETY
arsafnanaiulng fiusznaudelumiou (mulberry leaf) aneriids Japanese honeysuckle) uay
fiasulnsdu goldthread Tudhsndiu 48.5:48.5:3.0 mudsy wuinaiuiissdu 1% luownslide
dwalhdeanlaflansduoyyadaszannniinguiiliaduuasnquiliaiufios 0.3% ogeditduddy
MR aonAdosiunsfnuives Zhao et al. (2019) fiaduasatnnsnaaslsidn wuin Faeuia
aussonmmasyivlawarusulsseuateslumseendindureailoonts

Table 2 Effect of coffee silver skin supplement on carcass quality of Thai native crossbred

chicken.
Parameter Treatment SEM  P-value
CON (CSS0.5 (CSS1.0 (CSS2.0 (CSS4.0  AGP
Live weight (g) 1,290.0 11,3940 1,287.00 1,262.00 1,363.00 1,374.00 17.32  0.128
Defeather weight (g) 1,170.0 11,2580 1,173.00 1,19500 1,251.00 1,29320 17.00  0.182
Carcass weight (g) 1,134.9 11,2202 1,137.81 1,159.15 1,213.47 1,254.40 16.49  0.183
Dressing percentage (%) ~ 87.85°  87.65°  88.42°°  91.77°  89.09™ 9133® 046  0.023
Internal organ (%) 13.01 1286  11.92 13.02 13.36 1223 024 0536
Liver 2.42 2.23 2.15 2.09 2.22 1.99 0.04  0.098
Spleen 0.21 0.16 0.18 0.17 0.22 0.18 0.01  0.600
Heart 0.52 0.51 0.51 0.47 0.49 0.52 0.01  0.856

Gizzard 3.23 3.14 293 3.46 3.30 3.10 0.08 0.470
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Treatment!
Parameter SEM  P-value
CON (CSS0.5 (CSS1.0 (CSs2.0 (€ss4.0 AGP
Proventriculus 0.45 0.41 0.37 0.41 0.46 0.41 0.01 0.336
Small intestine 5.25 5.38 4.69 5.57 5.83 4.98 0.13 0.130
Kidney 0.63 0.63 0.63 0.71 0.70 0.65 0.02 0.551

! CON= basal diet group, CSS0.5 = basal diet with coffee silver skin 0.5 g/kg, CSS1.0 = basal diet with coffee
silver skin 1.0 g/kg, CSS2.0 = basal diet with coffee silver skin 2.0 g/kg, CSS4.0 = basal diet with coffee silver

skin 4.0 g/kg, and AGP = basal diet with antibiotic as gsrowth promoter.

=d Different superscript letters within each row are significantly different (P<0.05).

Table 3 Effect of coffee silver skin supplement on meat quality of Thai native crossbred

chicken.
Treatment!
Parameter SEM  P-value
CON (CSS0.5 (CSS1.0 (CSS2.0 (CSS4.0 AGP
Breast meat pH,,,, 591 5.80 5.90 5.96 592 599 003 0505
Meat color
L* (lightness) 4249 4108 4094 3828 4296 4569 087  0.247
a* (redness) 2061 318" 3317 197"  158° 236> 0.19 0.042
b* (yellowness) ~ 3.37°  381°  307° 382° 7.01° 626° 038 0.002
Water-holding capacity (loss, % of total)
Thawing loss 4.05° 371> 341° 313> 470" 635 029 0012
Drip loss 076  1.09 0.67 0.62 050 058 006 0.151
Cooking loss 15387 15.40° 15.64° 1570° 1589 1594° 034  <0.001
Shear force (N)  2.07° 208  211° 211° 215  2.14* 005 <0.001

! CON= basal diet group, CSS0.5 = basal diet with coffee silver skin 0.5 g/kg, CSS1.0 = basal diet with coffee

silver skin 1.0 g/kg, CSS2.0 = basal diet with coffee silver skin 2.0 g/kg, CSS4.0 = basal diet with coffee silver

skin 4.0 g/kg, and AGP = basal diet with antibiotic as growth promoter.

=d Different superscript letters within each row are significantly different (P<0.05).
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mg eq Trolox /100 g

CON CSS0.5 CSS1.0 C€Ss20 CSs4.0 AGP

Treatments
Figure 2 Effect of coffee silver skin supplement on total antioxidant in meat of Thai native

crossbred chicken.
! CON = basal diet group, CSS0.5 = basal diet with coffee silver skin 0.5 g/kg, CSS1.0 = basal diet with
coffee silver skin 1.0 g/kg, CSS2.0 = basal diet with coffee silver skin 2.0 g/kg, CSS4.0 = basal diet with
coffee silver skin 4.0 g/kg, and AGP = basal diet with antibiotic as growth promoter. 9 Different superscript

letters within each row are significantly different (P<0.05).

Gunandagadnunnguitandeegneluldiuvadlignuasiuiios

wamsAnyInInaiu css luswnslignaauiiudiowousinandoqaunisluldiu wui
USuoudle LAB anasoesiltuddameadin (P<0.05) Tunduevnsfiugiuaiu CSS2.0 uay CSS4.0
n¥usenlanduewns TuTunanfsumiiunguiliaiuenufinuglussduisininaiaduln (AGP) uax
fUsinasninnguauRy dmsudTunn Salmonella sp. wag £ coli wuinnguiadu €552.0 &
Umnandemninguaiuauessiitedidynieadin (P<0.05) (Table 4) Wuiinsiuiufiogudaiy
css fnantiidunilulefn Faduuslonidensiuidoduafivsslonilussuumaduoms
Immﬁuﬂazﬁw%mwma%memﬁaﬁﬁw‘%é (Bessada, C. Alves, et al., 2018; Borrelli et al.,
2004) usistinasuanslungundlulefnluriiugeenadmansenuseideyuiinndld Ssdma

a

slwanuszansnmnisBamerendegdunilussvumaiuons lidesduderdunid iy
Uselowd wioileqaunidaelsn (Olsen et al. (2001) uiviadifosuAuSinande salmonella sp.
uaz E. coli anas 1nnaiadu €SS Tuawnsld gavinifuansdmsandammatouaznismeas
16 aeandosriunsAneves Srjan et al. (2016) Afnwmstaduidorumdanuniilenaunuasiss
maaigivlafidueufiueradogaunidlugldveside wui Taidenguilldsuommsasy
L?iaﬁuLuﬁmmLw\|LLaxmﬂﬁ%awﬁﬂ%mmmmLsﬁa Clostridium spp., E. coli az Salmonella spp.
Tudldshninlafldsuemsiiugiu Uszneuiu Xia et al. (2011) Mesniansvageuyiinmuani
L%’;J%uﬁﬁaaﬁqm (minimum inhibitory concentration, MIC) 484n5aAaslsatdn wui1 ANuudy
Wies 0.1-0.2 Tadndu/daddns Aarunsadudad e £ coli, Staphylococcus aureus hay
Salmonella enterica l#gsnn wazns@nwiaiuaisiiuoysadaszansssuvdviady 1
MsAnwINMSIERNEBLESa (Fugenia uniflora) Ifiansuseneuiiuedniiiussdusznoveglusuves
g3uea (Eugenol) WU anunsaany3ua £ Coli Tulduvesliiioatld (Pashtetsky et al, 2019)
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Table 4 Effect of coffee silverskin supplement on caecum microbiota of Thai native

crossbred chicken.

Treatment!
Parameter SEM P-value
CON (CSS0.5 (CSS1.0 CSS2.0 (CSS4.0 AGP
LAB 7717 771 694° 733°  731° 735 0083 <0.001
E. coli 736°  7.09° 673 648" 7347 668  0.069 <0.001

Salmonella sp.  7.10°  6.89°  6.65° 652 6.67° 6.44° 0041  <0.001

! CON= basal diet group, CSS0.5 = basal diet with coffee silver skin 0.5 g/kg, CSS1.0 = basal diet with coffee
silver skin 1.0 g/kg, CSS2.0 = basal diet with coffee silver skin 2.0 g/kg, CSS4.0 = basal diet with coffee silver
skin 4.0 ¢/kg, and AGP = basal diet with antibiotic as growth promoter.

2 |AB: Lactic acid bacteria.

=d  Different superscript letters within each row are significantly different (P<0.05).

Fugnuingnvasdldiinvaslignuasiiuios

nnsAnmanaiaiy €ss luomislafiuiiosgnuaudednumy nsiudsuuasus
Fugnuinendldidn (Table 5) wunswasuwdadluglédine 3 da Tnsludlddndaudunuii lu
nvaasengu CSS4.0 & VH wag VH:CD gafignegsfifoddgydaneada (P<0.01) ufiai
Snwasnmsilasuwlamesnldidndunansiinuin lulineasangu CSS4.0 3 VH, VW wag VH:CD

o

gengnegaiveddymneada (P<0.01) ddnuardugiuineivesaldidndiulatenuinln

o«
'
P o

nAaeIngy CSS2.0 § VH gaiigaaeaiitded
gy CSS4.0

[

WBsaEdA uidmiu VH:CD geftgadamudiliviaaes
msildsuntamedagnineluald evezdunasinauanddnisdunilulefnveude

Wuwdaniun fianusansedulszdnsaimnisaigfulauasUszdnsnmnisgaduetoms

v
v Ao ao o

(Sayrafi et al,, 2011lagaruaniuazanunitwedialaludldidn \Jusmdiaiidfyegedwes
nadsuuladudugiuingivesdldidn fuansfenisfintuvessrAnsnwnisgadu Tned
NuITBInnewansliiiui nsesunslulefnlusmslnanunsedieusuussduguivealddn
uazUsulnteqdunidiiusslonineludld (Markovie et al., 2009; Spring et al., 2000) #1sil
Sayrafi et al. (2011) lmﬁmsmnﬂaaul,mawmL%aaLaaqmaiuaﬂa AfnsasunUasegis
serlosuaziinnmsuisiiievnvensaydevesialanisludlénasanan snunssenvediala
WAzl TeNadn3UY Inuaudnvesesunlianuduiusivdnsinsryuisuveseadnieludld
(cells turnover rate) Mstfindns1dunNugevesiala uazamudnveleadaius Uedsarudndu
‘lumﬁmﬁauuﬂawawuaa‘ﬁdaﬁnﬂm?ﬁaqé’wlﬁ (enterocyte) (Markovi¢ et al. 2009; Oliveira et
al,, 2008) nalumsdnminuanugeesialadfiuumussdunnasuboruiudaniun Faanunsn

asUldihasiaduiinandmanensvyuisuveasadioyludldian
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Table 5 Effect of coffee silverskin supplement on intestinal morphology of Thai native

crossbred chicken.

Treatment?

Parameter SEM P-value

CON CSS0.5 CSS1.0 CSS2.0 CSS4.0 AGP
Duodenum
Villus height
() s 903.36° 923959  1052.02° 1067.65°°®  1097.01®  977.91°  5.940 0.001
pm
Villus wide b b b b
) 11535 13534°  125.20 124.65 128.52 130.92* 0983  0.001
pm
Crypt depth b b
) 21337°  192.96 192.92 176.33° 165.74°  223.71° 2147  0.001
pm
MMT (um) 19.43¢ 20.38" 20.96° 20.58" 20.88" 2236° 0203  0.003
VH:CD 4.42¢ 5.27¢ 5.62° 6.33° 7.21° q.72¢ 0.087 0.001
Jejunum
Villus height b
) 776.95°  777.21°  805.07° 854.53 960.79°  784.95°  6.433  0.001
pm
Villus wide b b b b
) 114.55% 110.98 114.55% 115.88° 11859°  105.02° 0.841  0.001
pm
Crypt depth
(yp) P 173.95° 17526  169.64°° 165.06° 151.26°  182.74° 1.855  0.001
pm
MMT (um) 27.92° 27.72° 24.66° 23.21% 22.40° 2430 0284  0.001
VH:CD 4.61% 4.89< 5.08° 5.63° 6.62° 4.52¢ 0.076 0.001
Ileum
Villus height g b b b
) 538.73 630.95%  668.19% 695.65° 650.07°  617.03° 5768  0.001
pm
Villus wide b b b b
) 96.89° 89.57 97.67° 90.85 90.83 93.87°®  0.623  0.001
pm
Crypt depth b b b
) 100.35 108.92° 99.34 99.74 84.317¢ 87.01° 1.168  0.001
pm
MMT (um) 24.28° 2793  26.25™ 27.63%° 25.88° 28.01° 0240  0.001
VH:CD 5.95¢ 6.29¢ 7.29° 7.26° 8.08° 7.48°  0.103 0.001

! CON= basal diet group, CSS0.5 = basal diet with coffee silver skin 0.5 g/kg, CSS1.0 = basal diet with coffee
silver skin 1.0 g/kg, CSS2.0 = basal diet with coffee silver skin 2.0 g/kg, CSS4.0 = basal diet with coffee silver
skin 4.0 g/kg, and AGP = basal diet with antibiotic as growth promoter.

2 MMT = Muscularis mucosae thickness; VH:CD = Villus height per crypt depth ratio.

>d Different superscript letters within each row are significantly different (P<0.05).
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nsuanseenvasduiineatesiuszuugliduiunazansiueyyadassudula
gnwawuias

NnnsAnmMsuanseenvesBuiitisadesiussuugiquiy ansiuesyyadass wagas
wigivTnveslignuasiuidesildfunisiadu €SS (Figure 3) nudinisiaiu CSS dsnanans
WEn9eeNUBIdU antioxidant enzyme laln Superoxide dismutase (SOD), Catalase (CAT) wag
Glutathione peroxidase (GPX) lnglnnaaeingy CSS1.0 wun1suandeanvasdu SOD way CAT Tu

o

#u finsuanseondigefianossddodfamneada (P<0.05) Tusuvesszuugiduiuvedladilasy
nstasu CSS fisedu 0.5 uay 1.0 nfusenlaniuenns dewalsitinnisnseduiuiiunissniay
(Anti-inflammatory) interleukin 10 (IL10) lusfuifindudiowisuiieutunguaiuny uandlidiudy
naiada €SS vililadaummuagmaadydulaitu nadwsivandusdindetusdanuniqndly
MsFuNISNLEy JeaenadoaiunnsTeanuves Bessada et al. (2018) Insazulin ludeviudn
mLW\Iﬁmiaaﬂqwéﬁﬁﬁ@umiﬁma%aﬁmzLLazﬁmé’mawaqmaaﬂﬁ AN caffeoylquinic
acids, feruloylquinic acids, p-coumaroylquinic acids tag melanoidins uaﬂmﬂﬂ’jumiﬁﬂwﬂ
adaflfmuinnisuanseanuasdu Nuclear factor erythroid-2-related factor 2 (Nrf2) anastundy
nARDY CS52.0 uay €554.0 Fududulunguiuoyyadass lae Nif2 agsiliiAnnsadalusiu

Nrf2 Favhmthiiu Transcription factor lngaglunsefunisuanieanvesdu antioxidant enzyme

'
P

(He et al,, 2020) Fadunagonadosiunisannisuandeanyes SOD, CAT Way GPX wlewadu CSS i
srdufiudy et nmafisduresduduouyadassasg nnseduiinduluanieiifissdu RoS lu
1901889 89 ROS azgnnszduguiiosansldaseyyadass vioeglunnsiaionsendiatu
(Bessada, C. Alves, et al., 2018; He et al., 2020) wagmeRuauUin1siueyyadasevas CSS 3
fiusgansnmaslunisanseau ROS lusanevesdnile (Bessada, C. Alves, et al,, 2018; Castillo
et al,, 2016) LLamﬁaﬁﬂmmsLLamaaﬂﬁumﬁuﬁLﬁa’aﬁﬁmfTumiLfﬁagLﬁUImaﬂﬁqﬂwa:uﬁ'ymﬁaq
aun Interferon gamma (IFNg) uag Insulin like growth factor 1 (IGF1) Wuﬂﬂﬂfjmﬁbléﬁv CSS0.5 3
nsuanspanuasBuriaigeiian sosnunfonguiildfunisaiu CSS1.0 uag CSS4.0 (P<0.05) Tny
IFN 933UAU receptor WUUTUNE mmfmﬁmmamwfuiﬂiﬁu Wedadyarandluiades
Transcription factor agidusafudayaaumelneduiu DNA sequence 7111z promotor ¥4
wad 19190 ilfiAansnszdunisviauvesfunaiedai i satesiunisaigidule

(Alimohammadi-Saraei et al., 2019)
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Figure 3 Effect of coffee silver skin supplement on the relative expression of SOD, CAT, GPX,

NFrt2, IFNg, IL10 and IGFl in the liver of Thai native crossbred chicken.
! CON = basal diet group, CSS0.5 = basal diet with coffee silver skin 0.5 g/kg, CSS1.0 = basal diet with
coffee silver skin 1.0 g/kg, CSS2.0 = basal diet with coffee silver skin 2.0 g/kg, CSS4.0 = basal diet with
coffee silver skin 4.0 g/kg, and AGP = basal diet with antibiotic as growth promoter. 9 Different superscript

letters within each row are significantly different (P<0.05).
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