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Evaluation of the potential of spent coffee ground extracts as an
alternative to antibiotic growth promoter in broiler chickens
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ABSTRACT: Spent coffee ground extracts (SCGE) are a rich source of bioactive compounds, such as chlorogenic acid
and melanoidins, and can be a suitable additive to improve animal production performance. The present experiment
aimed to evaluate the efficacy of spent coffee ground extracts (SCGE) on growth performance, blood chemistry, gut
microbiology, and intestinal morphology in broiler chickens. Five hundred one-day-old Ross 308 broiler chicks were
randomly allocated into five dietary groups, each with 10 replicates of 10 birds. A basal diet without antibiotics
served as the negative control (NC). The basal diet was supplemented with antibiotic growth promoters, which
served as a positive control (PC). The NC diets were supplemented with SCGE at 0.5, 1.0, and 2.0 g/kg feed,
respectively. The results indicated that SCGE and PC had a higher final weight and average daily gain (ADG) than NC
(P<0.05). All SCGE groups had better feed conversion rates (FCR) than the PC and NC (P<0.05). The amount of
Lactobacillus spp. in the cecum of SCGE1.0 and SCGE2.0 was greater than (P<0.05) PC, with the NC and SCGE0.5
having the lowest (P<0.05). Alanine aminotransferase (ALT) activity of SCGE0.5, SCGE1.0 and SCGE2.0 were lower
than the NC (P<0.05). The aspartate transaminase (AST) activity of SCGE2.0 was the lowest (P<0.05). The villus height
and crypt depth of the jejunum of all SCGE groups were greater than that of those of NC and PC. In conclusion,
SCGE supplementation at 2.0 g¢/kg diet improved the final weight, ADG, FCR, and microbial balance. Therefore, it is
considered to have the potential to replace antibiotics in broiler chicken feed.

Keywords: spent coffee ground extract; antibiotic substitute; broiler chicken; intestinal morphology
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Figure 1 The process of preparing spent coffee ground extracts and freeze-drying.
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AIUNISIATY iﬁL‘IfEJLWﬂN: 918 1 Ju (a1gug Ross 308) 91171 500 67 Fansnaassivinmanasoudesdng
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gmsvnaaswdseandu 2 szez laun szezlndn (1-14 Tu) wazszezlngu (15-35 Ju) lngasdusznounazsziu
Invuzvesomnsnguauaudauisiarszendulunmuanudemisvedinie (NRC, 1994) fuandlu Table 1 aillinaaos
¥ Suemmmsnaztuuuiad (ad ibitum) saeaniaides iussesinan 35 Ju Teevhnstuiindwidnldlaedaimingn
dUani ﬂ’uﬁﬂﬂ%mmmmiﬁﬁunﬁu diemuwinmusianisiuldsetu (Average Daily Feed Intake, ADFI) §951015
seAulameiu (Average Daily Gain, ADG) wazUszavsnmnisiasuemsidiuimiing (Feed Convention Ratio, FCR)
saanstuiingunimvedidludimans
nM5AATIERANSlaiinangn (Blood chemistry)

dleduganamaaes duifiuieghadenninidesiuindiar 1 6 vie 10 ddengunsmaaes Tasvhnsiiuain
waemdanrfitn (Wing vein) wazldlunasmiuidendilifiansiudonuds (Anticoagulant) %%ImgﬂLLE’JﬂE]EJﬂB\i’mmﬁjuLLEJﬂﬁ
3,000 seusiouduian 15 wit thasuiildainseiaveuoauisiansusiiiua (Aspartate transaminase; AST), 8138
lulastauluiden (Blood urea nitrogen; BUN), A3 186 U (Creatinine; CR), 8¥a19u agdlunsiuaieisa (Alanine
aminotransferase; ALT), 9an1tay Weoanina (Alkaline phosphatase; ALP), 1sfAulagsau (Total protein; TP), payily
(Albumin; Alb) wazlnayau (Globulin), AOIAELADIRATTIATI ANUNULLUES (HDL-G; High-density lipoprotein cholesterol),
AADLAALABTATTAT AU WA (LDL-C; Low-density lipoprotein cholesterol), Aatadlnasaasiu (Total

cholesterol; TC) waglnsnatwalsn (Triglyceride; TG) mu3dves Latimer (2011)
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Table 1 Composition of nutrients and ingredients in the diets for broiler starters and finishers

Experimental diets Starter (1-14 d) Finisher (15-35 d)
Ingredients

Yellow corn 57.17 59.58
Raw rice bran 5.00 5.00
Soybean meal (48% CP) 28.62 20.74
Rapeseed meal (38% CP) 3.20 6.00
Pork meal (50% CP) 3.00 4.00
Soybean oil - 294
Salt 0.26 0.14
L-lysine 0.10 0.08
DL-methionine 0.25 0.15
Biofoss (21% P)" 0.70 0.02
Calcium carbonate 1.07 0.64
Premixes? 0.63 0.71
Total 100 100

Calculated composition

Metabolizable energy (kcal/ke) 2,848.33 2,910.46
Calcium (%) 0.61 0.41
Available phosphorus (%) 0.59 0.39
Sodium (%) 0.20 0.18
Chlorine (%) 0.27 0.23
Digestible lysine (%) 1.20 1.12
Digestible Met (%) 0.57 0.48
Digestible Met + Cys (%) 0.92 0.80
Digestible tryptophan (%) 0.26 0.25
Digestible linoleic (%) 1.56 1.64
Choline (mg/kg) 956.90 927.80
Analyzed composition (as fed basis)

Gross energy (cal/g) 4,147.67 4,324.00
Crude protein (%) 22.17 19.51
Crude fiber (%) 222 3.15

YBiofoss supplies per kg of diet: monocalcium phosphate 1,000g, calcium 150 g, phosphorus 210 g, fluorine 0.21%.

#Mineral premix supplies per kg of diet: vitamin A 20,000,000 IU, vitamin D3 4,000,000 U, vitamin E 11,000 IU, vitamin K3 4.00 g, vitamin
B1 5.00 g, vitamin B2 10.00 g, vitamin B6 5.00 g, vitamin B12 0.02 g, vitamin C 15.00 g, pantothenic acid 15.00 g, folic acid 3.00 g, nicotinic
acid 40.00 g, biotin 0.20 g, magnesium 100.00 g, potassium 90.00 g, sodium 100.00 g, and feed additive 25.30 g.

n5AATeiUsunaugevadnlulddu (Microbial counts in cecum)
\leduaanisvaaes (35 Ju) dulriladiuiu 10 Msengunisveaes iufmegrswaanadlulddu 1.0 n. auisnis

984 Giannenas et al. (2010) 91nHULIBINERg9Mga1TarateUUulau (UUTau 0.1% way NaCl 0.85%) warnuSunanae
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Figure 2 Examination of a segment of the small intestine through histology conducted with a 10x objective lens.

The scale bars provided in the images correspond to a measurement of 200 pm.

NFAATIERTaNANISETA
UfoyadfiliundasiiA1AuuUsUsIu (Analysis of Variance: ANOVA) agldununisnaassuuuguauysal
(completely randomized design) kagiUTguiisuAduuAnF19A1LR8 8UINFUNARB 835 Duncan’s new multiple

range test fisvuAuIEasiu 95 % Tnglilusunsupauiinmesdniagy SPSS version 23.0 (SPSS Inc., Chicago, IL)
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Usinailuadnlaesiu uasanuaunsalunsinuayyadaszvasansaianiunlduda
muNadNSTla NN InTviansataluaniueads Table 2 wuiansataiusunafiueariomn (Total phenol

content; TPC) 88l 26.62 mg GE/g Wag DPPH fiUanas 204.89 umol TE/g 95 euuianas TPC waganuansnsaluns

Auayadase (DPPH) vesansananuwlduay lun1sAnwineunty TPC uay DPPH FafenlndiAssiusieauves Severini

et al. (2017) A1 TPC way DPPH ﬁiﬁmmﬂmiaﬁmé’wmmuaa%agﬁ 19-25 mg GAE/g uaz 81-146 pmol TE/g wonanis

msafafifuszansamdinananududuvesumiueagean esinnisazansvesiiuea uazansiuoyyadaseiiuiunm
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Table 2 Total phenol content (TPC) and antioxidant activities determined according to the DPPH methods of

spent coffee extract

TPC DPPH
Parameter
(mg GE/g) (umol TE/g)
Spent coffee ground extract 26.62 + 0.04 204.89 + 0.10

ANTIONINNITLIEYLAULA

NHAMSANYINSLESHENsaRAaINAInALI (SCGE) 7is¥eu 0.5, 1.0 wag 2.0 n./nn. ﬂ?ﬂLﬁNﬁﬂ%ﬁﬂﬁ’J?jﬂﬁ’]ﬂLﬂja
Wisuiungu NC 8.05%, 9.20%, kag 8.05% m1uanu fauandly Table 3 Tun1sfinwissazusn (1-15 Ju) n1swasu SCGE
dmalisnsnsissanivln Usinaemnsiiiueaeseiu uasUssavsnnmsasuemmsdudming Tiflenuuandieiu
n9adiA (P>0.05) 9nn1s@nwaussnammnadydulaluszes? 2 (15-35 $u) wuid1 nqu SCGE nsefuiiviaunueimsd
Auladesiotusiiniingu NC uay PC eehsiitiuddnymisadd (P<0.05) 5ﬂﬁgasdwﬂ%’wqﬁmwﬂ'mﬁﬁq;@dml,asUisﬁw%mw
nswasuenvnsduiuing Lﬁal,ﬂ%amﬁauﬁumju NC way PC (P<0.05) uana1nd Lilafiansannaenssosiainisvnans
(1-35 1) wudnngu SCGE fisesu 0.5, 1.0 wag 2.0 n./nn. ﬁﬁm'%mmmmiﬁﬁma?i&Jsiai’w‘ﬁﬂdﬂLﬁaLﬁSUﬁUﬂfjm NC 6.04%,
8.66%, WAy 8.25% MNA1AU é’mwm'ﬁw%zylﬁuimqmdﬂLﬁ'aLﬁwﬁ’Uﬂdm NC 8.25%, 9.43%, Lag 8.25% HIUAIAU WAy
ﬂixﬁw%m‘wmiL‘U5EJummﬁLﬂuﬁmﬁﬂﬁﬂuﬂduﬁ'ﬁmﬂﬁu SCGE ﬁmd%ﬁmﬁwﬁmfjm NC 13.02%, 16.57%, wag 14.79%
AUEEU (P<0.05) Weianniininnun Ussnaulusenmidu nseiluedn nsnraslsiadin (chlorogenic acid; CGA) waziaan

wesiu Nfauaudfduasiueyyadassuaziiun1ssniau (Bevilacqua et al, 2023) aziiulnnisiasuansainainnin

q q

nunvilignsnissyiulanag Ussdvsamniswisusmsifuimindvesliiedvu lnedmindigainevesngud

I@5unsiesu SCGE vnszau rgendn Wiaisudiungu NC illesanaaaudiinnuduarsiueyyadasyvosarsnaing

Y

awnsaisundeswadananudemennuiseteendindu Snwaunavesinend wagnseAuNMinuesssuuniduiy

q

Snedaeiinysed@nsnnnisldenns vesdnd (Ponnampalam et al., 2022) Fsaursadudulaainuanis@nerusyans

a

Wegdunsglumaauenmsvadln wudnisiaEsuasainanninnuidlsiiayuiunn Wngdunse Lactobacillus Tudldves

a o o

1ille 1llosan Lactobacillus fordugduvidnidnenmdulsluledn aunsatdisdaasunisgaduansernsidu Snvads

PrglasuasesruuANiuedlnliAgsiu (Anee et al, 2021; Munir et al, 2022) Well§aonadosiuNavaInNITAnyI
daugingvesdldlndeniasumearsainanninniurinsiinduredalaludlduansdsnnuausalunisgadund
UsgvBnmdiinau (Liu et al., 2022a) s8uduisgunmuesssuuymnaiuenmsiadurestiiie vlulndednisasaduls

v )

ATunuludie 91nn15ANWINEY Zha et al. (2023) FlWiiuinnisiasu Chlorogenic acid (CGA) fiseau 0 - 1.0 n./nn. vilsk
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Usuaemnsiinuadenetu sasinsiesyiuln wavimiindavediideludae 121 Sudinduly Badunse (P<0.05)
a@enndaity Liu et al. (2023a) Aiszyinmsiaia CGA Tuewslaiflefiszdu 0.5 n/nn. trefiumiindiade uazdnsnis
Wiyiuln wavanusyansamnadeuemadudminvesldidelurag 1-14 Yu Snvis Liu et al. (2022b) desyydnms
3 CGA Tuewnsliidaiiunnuanunsolunmsiuesyyadassuazansediunismeveasadlnensnsesuriunaln Nrf2 Tuld
dofinsgduliinauaionnuiiseeontindusemneumiley Ssdmarogdaiou seaussanmmaaiaiulnuay
gunwesdldlulaiide wenaint nsiasu CGA fiszdu 1.0 n/nn. Freuiuusmevhaureadeydldldunsdau dewalian
nnsalgedufiinunAvesdild Windszansamnnsgadueivisuazyiuugsanssanmnisiesaiulavesgnsveuale

(Chen et al,, 2018a; Chen et al.,, 2018b) wazdteUsuaunavasgdunidluald (Chen et al., 2021)

Table 3 Impact of spent coffee ground extract supplement on growth performance in broiler chickens

Parameter NC PC SCGEO0.5 SCGE1.0 SCGE2.0 SEM P-value
Initial wt. (g) 46.40 47.00 46.80 46.60 46.80 0.446 0.991
Final wt. (g) 1,740.00° 1,760.00°  1,880.00° 1,900.00° 1,880.00° 18.903 0.003

1-14 days
ADG (g/d) 34.63 34.96 34.53 34.66 34.31 0.288 0.977
ADFI (g/d) 36.48 37.37 36.55 36.41 35.23 0.400 0.604
FCR 1.06 1.07 1.06 1.05 1.03 0.014 0.911

15-35 days
ADG (g/d) 57.56° 58.27° 64.28° 65.15° 64.42° 0.924 0.003
ADFI (g/d) 112.00° 115.66° 103.73° 100.25° 101.59° 1.383 <0.001
FCR 1.95° 1.99° 1.62° 1.54° 1.59° 0.045 <0.001

1-35 days
ADG (g/d) 48.39° 48.94° 52.38° 52.95° 52.38° 0.538 0.003
ADFI (g/d) 81.80° 84.34° 76.86" 74.71° 75.05 0.886 <0.001
FCR 1.69° 1.72° 1.47° 1.41° 1.44° 0.031 <0.001
Mortality rate 1.00 0.00 0.00 0.00 133 0.327 0.563

NC: Negative control, PC: Positive control, SCGE 0.5: Supplemented with spent coffee ground extract at 0.5 g/kg,
SCGE 1.0: Supplemented with spent coffee ground extract at 1.0 g/kg, and SCGE 2.0: Supplemented with spent
coffee ground extract at 2.0 g/kg. ADG: average daily gain, ADFI: average daily feed intake, FCR: feed conversion ratio.
SEM: standard error of the mean, " “means within a row with different superscripts are significantly different at

P<0.05.

AlainIngn

ngy SCGE0.5 lf1 ALT siign (P<0.05) usilaiumnsinsfungy SCGE1.0 uaz SCGE2.0 (Table 4) uona1nil nau
SCGE2.0 i1 AST Tuidensndngu NC wag PC agnsiitiuddmaaia (P<0.05) agralsfiniy Arasisainesen lnsndive
158 HDL-C, LDL-C, ALP, Globulin, CR, TP waz Alb luiunnsnsiusenitangunaaes (P>0.05) dennasifun1sfnuineu

PUNAT AU CGA Freannisontauvaawadsusasnisazaulviilugu Favihlisesuvaaeuled ALT waz AST fiAnanas
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(Shi et al., 2013; Bhandarkar et al,, 2019) fawsiinsesuves AST flarsnindiefieuiusssuund (52 - 270 U/L) usiwuin
sedu ALT lunnnguiiangenindeifisufuseduund (6.5 - 263 U/ L) (Zheng et al,, 2012) 8nvts Nasr (2014) 59171
Auantinsduansiusyyadassanaisainainnseifion fisedu 0.25 n/an. dawald AST uaz ALT ludsudnianas
\osnngrisiueyyadastfitisanmudemefiinanoyyedasyludy Suilinisfuriuves Werueadiinnaads s
wazann1s3lnaveseulesiidngnszuadon egralsfinu Ashour et al. (2020) szyinnsiasunanuridodiisl CGA u
sefUsznaundnlyldmasanlafinine) denndostunanisiady SCGE Famuildfimsdsuudasiidrdalualafinine

LU

Table 4 Impact of spent coffee ground extract supplement on serum biochemistry and lipid profile of broiler chickens

Parameter NC PC SCGEO0.5 SCGE1.0 SCGE2.0 SEM P-value
Serum biochemistry

ALT (U/L) 3.50° 3.00% 2.00° 2.33 2.30 0.171 0.007
Globulin (g/dl) 1.93 1.87 1.83 1.90 1.87 0.034 0.938
ALP (U/L) 1,897.33  1,859.33 1,864.67 1,826.00 1,817.00 16.002 0.576
Creatinine (mg/dl) 0.32 0.49 0.47 0.46 0.34 0.029 0.212
Total protein (g/dl) 3.33 3.27 3.03 3.10 3.07 0.056 0.380
BUN (mg/dl) 1.03 0.83 0.87 1.07 1.10 0.071 0.729
Albumin (g/dl) 1.20 1.30 1.20 1.13 1.20 0.025 0.358
AST (U/L) 338.00° 323.50° 307.00° 291.33° 244.67° 8.679 0.005
Lipid profile

Total cholesterol (mg/dl)  123.67 122.00 120.67 121.33 122.67 1.626 0.988
Triglyceride (mg/dl) 70.33 70.67 69.67 72.33 70.33 0.637 0.798
HDL-C (mg/dl) 83.63 81.03 76.40 74.80 77.20 1.959 0.667
LDL-C (mg/dl) 38.00 38.87 36.80 34.87 33.63 0.852 0.282

NC: Negative control, PC: Positive control, SCGE 0.5: Supplemented with spent coffee ground extract at 0.5 g/kg,
SCGE 1.0: Supplemented with spent coffee ground extract at 1.0 g/kg, and SCGE 2.0: Supplemented with spent
coffee ground extract at 2.0 g/kg. HDL-C: high-density lipoprotein, LDL-C: low-density lipoprotein, ALT: alanine
aminotransferase, ALP: Alkaline phosphatase, BUN: blood urea nitrogen, AST: aspartate aminotransferase. SEM:

standard of error mean, > “means within a row with different superscripts are significantly different at P<0.05.

USunandagatnluldiu

gy SCGE 0.5, 1.0 uag 2.0 fivsinande £ coli wa Salmonella spp. Mnegsiiteddyn1eadn (P<0.05) e
Wisuifleutungu NC uay PC fauanslu Figure 3 8nvisdemudnngu SCGEL.0 wag SCGE2.0 fUFuande Lactobacillus
spp. Badugdunisiivssleviseniafuomsvediininndt (P<0.05) dlewssuifisutungu NC way PC ol 1loaan
nnnugaslufeamsongrsnsiinmiifidnenm Tnslamzansnguindiueaiifiguea@lumsasiueyyadass uas
éfﬂuﬁ;asﬁw (de Cosio-Barron et al., 2020; Bevilacqua et al., 2023) AaAARBINUNISANYIVDY Wang et al. (2019) 17'1'3:114]’3"1
ansafnan Judusan (Lonicera japonica Thunb.) As¢du 1.0 n./nn. Afldysznautes CGA aunsaanU3unves S

pullorum Tugnldanveslald 8nvia CGA munBy waziwauesunilussdusenaunaniuansainainninniwngainaeauda
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Juansiugaingrzanuiunantenslsale (Duran-Aranguren et al,, 2021; Bevilacqua et al,, 2023) aunduausaviane
\HeNuwad vl UATiise Y385UNIUNTEUINNSUUERTUTaUATEEla (Ashour et al,, 2020) @ CGA aunsavinane

Tassaiemniawad uazloviuadued £ coli la (Zheng et al., 2016)
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Figure 3 Impact of spent coffee ground extract supplement on caecum microbial count of broiler chickens.
2b¢ Means with different superscripts indicate a significant difference (P<0.05). NC: Negative control, PC:
Positive control, SCGE0.5: Supplemented with spent coffee ground extract at 0.5 g¢/kg, SCGEL.0:
Supplemented with spent coffee ground extract at 1.0 g/kg, and SCGE2.0: Supplemented with spent coffee
ground extract at 2.0 g/kg.

o

Fuginewasdldidnvesliiie
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MM Wag VH:CD (P<0.05) sewinangumaans daufianldidndrunats Uejunum) wudngs SCGEL.0 fidn VH wndign
(P<0.05) ustlalupnsnannnngu SCGE0.5 wiaiingu NC uag PC fifn VH tonfian (P<0.05) udlalumndneninngs SCGE2.0 Tne
SCGE1.0 fiAn VH 1nnndngu NC fis 25.84% nguillalu SCGE 5¢6fu 0.5, 1.0 waw 2.0 n./nn. fiA1 CD 11nndn (P<0.05) 1ile
Wisudunga NC 49.91%, 45.40% uay 55.55% suaiu nay SCGE0.5 Wa SCGEL.0 fif MMT annndn (P<0.05) ety
funga NC 13.39% wag 15.77% auddu usliiuansneinngu PC drudianldidnaiuuans (leum) wuiingu PC a1 CD
wnfign (P<0.05) sesasuldud ngu SCGE2.0, SCGEL.0 wag SCGE0.5 muadiu mafnwiila ifuiininaiuarsadingn
MnuTIBLLANLguaaInesiala AnuAnveeadeiUY Ustansnnlunisgoseims uaznsgadumesdld
dnanunsaaldaananuguedalaludld arudnvesvada3un wazdnsdiuresanuguesialaserudnveuead
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ABY nseTluedn nsnmaelsiatin waziwauosu JsflnuantRidumsiueyyadasy (Bevilacqua et al, 2023) Tngans
FusyyadasetisananuaIsnanoontnduluiiodedld musaundeusadaldrinarudene warannsaduns
é’ﬂLaUﬁLﬂummﬂﬁLﬁum’mLﬁamwiaiﬂsqa%f’mLLazL%aéL?jaué’ﬂﬁ (Machado et al, 2023) Zhang et al. (2020) #l#ifiui
nsaiueWIIRIY CGA fisedu 1.0 n/nn. Peifiuarigvesiala uazdnwanuaunavesdldliideiiulsndldsniay
wuuiameld B Liu et al. (2022a) syinsiadn CoA luswnsliide Tisedu 1.0 n/nn. tefiumiugaosiala way
ANgesialarenudnveseadasUsila uenniinsiasy CGA Tuensiaiiefisedu 0.125, 0.25, 0.5 uag 1.0 n/nn.
Hroinnwgesialaludldidndiusulsioddidoddymaada (Liu et al, 2023a) oenslsfiny gduv3sludldusnain
wednwanzaugaud Saldnrislunszuiumsmnaiy Msgoseims mgaduansens snuiwadibeyludild
uarn1zmuAunday iedesiulassainosdldldliAnaandeme sl Liu et al. (2023b) 31891097 CGA Tupmng
PrwanKaNIENUINANIASEN uaztheugdunieinludldvedlnile Fahludaunmal&indunst Lactobacillus spp.

Tuanld@@unsaannisineiveaidanalsa Wi £ coli way Salmonella Musdbala

Table 4 Impact of spent coffee ground extract supplement on intestinal morphology of broiler chickens

Parameter NC PC SCGEO0.5 SCGE1.0 SCGE2.0 SEM P-value
Duodenum
VH (um) 4,124.27° 4,039.70° 4,160.65°  4,092.49°  4,676.80° 69.987 0.002
VW (um) 943.86 969.16 965.11 965.11 943.77 4.653 0.213
CD (um) 1,060.09° 1,177.47° 1,090.85°  1,060.16°  1,172.05° 17.485 0.025
MMT (um) 101.55 106.69 104.14 100.84 106.82 2.787 0.958
VH:CD 3.89 3.43 3.82 3.86 4.00 0.068 0.050
Jejunum
VH (um) 5,108.53¢ 4,752.24°  6,21023°  6,428.24°  5340.72°°  205.255 0.010
VW (um) 686.76% 662.00° 686.76" 768.61° 738.26 11.835 0.007
CD (um) 1,160.02° 1,232.49° 1,73897°  1,686.56°  1,804.32° 85.350 0.008
MMT (um) 234.05° 251.35% 265.97° 264.12° 233.18° 4.833 0.038
VH:CD 4.45 3.96 3.63 3.81 3.03 0.212 0.336
Ileum
VH (um) 2,864.13 3,193.33 4,047.35 3,984.46 3,609.59 193.035 0.237
VW (um) 748.70 743.63 780.35 763.88 750.85 17.792 0.979
CD (um) 713.10 773.57° 727.03 691.73° 737.93 8.086 0.001
MMT (um) 167.93 176.87 174.45 167.60 173.31 3.706 0.939
VH:CD 4.02 4.15 5.58 5.77 4.87 0.279 0.140

NC: Negative control, PC: Positive control, SCGE 0.5: Supplemented with spent coffee ground extract at 0.5 g/kg,
SCGE 1.0: Supplemented with spent coffee ground extract at 1.0 g/kg, and SCGE 2.0: Supplemented with spent
coffee ground extract at 2.0 g/kg. MMT: Muscularis mucosae thickness, VH: Villus height, VW: Villus width, CD: Crypt
depth, VH:CD: Villus height per crypt depth ratio. SEM: standard error of the mean, " < Means within a row with
different superscripts are significantly different at P<0.05.
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