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Effects of Nutrient-Enhanced Fermented Cassava Pulp on Feed Intake,
Rumen Fermentation, Milk Production, and Blood Metabolites in Dairy Cows
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Abstract: This study aimed to evaluate the effects of nutrient-enhanced fermented cassava pulp on
feed intake, ruminal fermentation, milk production, and blood metabolites in dairy cows. Twelve Holstein
Friesian cows with an average body weight of 450 + 20.0 kg, in the 1% lactation, 130 + 30 days in milk,
and an average milk yield of 12.0 + 2.0 kg/day were used in this experiment. Cows were fed a total
mixed ration (TMR) containing 14% crude protein and were offered feed ad libitum. The experiment was
conducted using an independent sample t-test design with two dietary treatments: a control group fed
TMR without fermented cassava pulp (CON) and a treatment group fed TMR in which fermented cassava
pulp replaced 20% of the diet on a dry matter (DM) basis (TREAT). The experiment lasted 59 days (a 14-
day dietary adaptation period followed by a 45-day sample collection period). Feed intake and milk
yield were recorded daily, while rumen fluid, milk, and blood samples were collected on days 0, 15, 30,
and 45 of the experimental period to determine ruminal pH, ammonia nitrogen (NH5-N) concentration,
volatile fatty acid (VFA) profiles, milk composition, and blood metabolites. Results showed that on day
45, dry matter intake in the TREAT group was significantly lower than that in the CON group (P < 0.05).
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However, on days 30 and 45, cows fed the FCP diet exhibited significantly greater ruminal NH;-N
concentrations, total VFA concentrations, and propionate proportions compared with the control group
(P < 0.05). No significant difference was observed between treatments in milk yield, milk composition,
or blood metabolites. In conclusion, replacing 20% of the TMR with fermented cassava pulp enhanced
rumen fermentation activity by increasing total VFA production and shifting fermentation toward greater
propionate production, without adversely affecting milk production performance or the health status of

lactating dairy cows.
Keywords: Fermented cassava pulp, rumen fermentation, milk production, dairy cows
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Table 1. Ingredients and chemical composition of dietary treatments

Dietary treatments!

ltem
CON TREAT FCP
Ingredient, DM basis (%)
Napier grass 31 30 -
Sweet corn husk 19 18 -
Pellet concentrate 50 32 -
Fermented cassava pulp 0 20 -
Cassava pulp - - 79
Palm kernel cake - - 7
Soybean meal B _ 7
Molasses _ B, 3
Urea . - 1.3
Dicalcium phosphate - - 1
Salt _ B, 05
Premix? - - 1
Microbial additive® _ _ 0.2
Dry matter (%) 30.97 29.92 35.92
Chemical composition, DM basis (%)
Organic matter 87.36 88.00 89.87
Crude protein 14.01 14.31 20.22
Ether extract 3.82 5.12 6.09
Neutral detergent fiber 51.09 53.99 51.78
Acid detergent fiber 3271 34.12 2933

" CON = Basal diet (TMR) + 0%FCP; TREAT = Basal diet (TMR) + 20%FCP; FCP = Fermented cassava pulp.
2 Contains per kg premix = Vitamin A 10,000,000 IU; vitamin D 1,600,000 IU; vitamin E 70,000, IU; Fe 50 g;
Mn 40 g; Zn 40 g; Cu 10 g; 1 0.5 g; Se 0.1 g; Co 0.1 g. ° Microbial additive consisted of live yeast

(Saccharomyces cerevisiae 2.5 x 10° cfu/g; Yea-Sacc® 1026, Alltech Inc.) and a lactic acid bacteria

(lactococus lactis 0-224 6.2 x 10" cfu/g and Lactobacillus buchneri 6.2 x 10" cfu/g) based silage
inoculant (SiloSolve® FC, Chr. Hansen). DM = Dry matter.

(VWR International, Radnor, PA, USA) 7 LAY
Usurawenlutdelulasiau (NH-N) a1u3faos
Chaney and Marbach (1962) waz3ias1zvusuin
nsalasfuszimes (Volatile fatty acids; VFA) @135
294 Hnokaew et al. (2025) Wusaeu19denan
Taununavialutui 0, 15 30 uay 45 999528y
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Twdon laun blood urea nitrogen (BUN), aspartate
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aminotransferase (AST), alanine aminotransferase
(ALT), alkaline phosphatase (ALP), creatinine, total
protein tag albumin Tneluindesiinsnznsnludd
(Sysmex BX-3010; Sysmex Asia Pacific Pte Ltd,
Chuo-ku, Japan)
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Tluddynsatiisemanguneaes
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oe9lsfinu ﬂq'm TREAT &ilnsmaunu FCP Tugns
91115 39 FCP fasnusznavvaslusiu 8191io11es
fumsfivsunailusiumeny (EE) vesnqu TREAT gy
\Enuoy Lﬁ@LﬁHUﬁUﬂEﬁ;MﬂﬁUﬂﬂJ yonani weswn
FCP farudugs Ssoraiferveatumsiiuimning
w3 (OM) ‘Uaammﬂumjm TREAT anasidnues

nsnauny FCP lugnsemis TMR Mo
Usinansaulauansly Table 2 wuan Usunainsau
Fnquuie (DMD 58m119nqa CON uaz TREAT Tuiuil
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0 uaz 15 v03n15naassluunna1aiu (P > 0.05)
agndlsfinny eszesnainisneasafindy wuan
Tuuil 30 ¥99n15MAA8I A1 DM maaﬂa'u TREAT
60 LLqumaﬂaq (10.92 \ig Uy 11.59 ke/d; P =
0.067) uaz L:uamau‘w 45 YBINNTNATDI U1 ﬂam
TREAT 17 DMI mmmaw CON (10.69 ma‘um
11 65 kg/d) amauusjmﬂmmaaam (P < 0.05) Beusd
mmwmmu FCPTuama’mﬁWi AU 20% DM
basis a@sranen1sALesvetlauLl oln SUIMNS
Wuszegnaiuiy wail eraiiesannnisiiud u
yosTunaluiunasdeloddassasslugnsoims
Afinsnaunu FCP a1vasHanaianssuregauie
Tunszimnzmiinuazdssans nmniseesaaisd oly
Fainavlusnsinisiadeunuvasomslunseng
winanaarsinUsIIaNsAueIYesdas (Van
Soest,1994) uaﬂmﬂﬁy mil,ﬁ'wﬁéuu%amlﬁ neutral
detergent fiber (NDF) W@ g acid detergent fiber
(ADF) luawnsue3naa TREAT 1analviAa rumen
fill effect aanalndnitinAuBuuazannisiy
EJ’Hm‘i( llen, 2000; Mertens, 1994) Yz LAgInU
mwmuwawaa FCP wﬂmﬂimmmmmwmmw
’Luammmi awammmLﬁumuﬁuaqmsmmma
WUIHUMTNEIMNT SINTIANAINLUIALYBI8MNS
asnalulauudusunanisivemisanaadioladu
9MsFInaeeeLiios FeaonmaneiusIBnuney
mnfissynguisesomawarlessarsondely
Lﬂjuﬂﬁaﬁ’wﬁzﬁmuqumiﬁummﬂué’m’iﬁymL?j'uaa
(NRC, 2001)
\feRansaundenisminlunseime gy
(Table 3) WU AL Tvesuesludelulasiou
(NH5N), nselausiuszwelatianun (Total VFAS), dnaau
Tnsilewun (C3) wardnsaiuosdmanolnsilowun
(C2:C3) Tuufl 0 uaz 15 vesn1snnasskuunnaieiu
5¥11719nq0 CON Wag TREAT (P > 0.05) oenslsfinna
Tududl 30 uaz 45 ¥oIN1IMARDS WU NA TREAT
fANAINUTNTUYRY NHsN ( 23.34 1fisuiy 20.84
mg/dL uag 23.11 Wiguiu 18.97 mg/dL muasv),
nsnlufussinelasianun (65.29 1 figuiy 59.17
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mmol/L wag 66.73 tMeUN U 62.41 mmol/L
Auaiu) uazdnaulnsfiloiungsniingy CON
(24.67 \Wigufiu 21.30 mol/100mol wa 24.57 gy
U 20.39 mol/100mol mxdsy) eenefifaddy
Meadn (P < 0.05) Fausddemsiiutuvosianssu
mw:ﬂ’ﬂLLazﬂ'ﬁL‘LJT?{wuﬂmgﬂuwmwﬁﬂiugL:uu
Wgnsasnslnsilownuindu dwaludnsan
C2:C3 Tunqu TREAT sin1nau CON (2.83 Liauiy
3.35 WAy 2.66 Wisuiu 3.37 aud1sv) ognad
dudAgynieana (P < 0.05) Tur29RUTDINTNAADS
A uTuvesnsalausznelatoualiunnaig
9813 TALIUTEMINGY waidleszezinainislnems

UIUT UTINUAULANA19vBInTAtuTusEIvele

wevuslursansresnismnans sisiidosannis
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n13sin a'ﬁmaiﬁamaiw:hamimamt.agmiq}m%m
nanlvifuszmelaiamaaoy q Wasuwasganay
ffiafiosnmanndu Feilnanuuananauesnse

Tufusanelaauausnguudaluiud 30 uay 45
¥94n151Aa89 (Ramos et al., 2021) Tuunzii A
mwmﬂuﬂm mﬁﬂmmu (Rumen pH) 28LLIAN
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ARBATEELIAINIIVAGEY (P > 0.05) mAuidunse-
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9113 TMR Iagils1891unen pH vesgiuuivanyay
081295811719 6.63-7.01 (Dagaew et al., 2023)
A1 pH Anzasndenonisvhauesqauvislugim
Fefunumlunisyesenns uagnsvuaunisviinag
WibuesaUsyneuvesomslmidunsaluiuseine
anedu woulanflolulasiau uasdunavesqdunis
(Kabsuk et al., 2024) 1 olaualasuomsiddan
Fasyiulreglu FCP Tsansavionszaunisnin
nsnlusfussinesiesan @ uiuuvaswdaeuily
Usslowila (Metabollsable energy) ﬂm‘ﬂuﬂiumm
60-70% VOINS 11U AT d0 LA 8218 DlA T
(Hnokaew et al., 2024) 1 psandanidnaninly
nsiduunas probiotics ludnilAeaidesdsanunse
ﬂizQyumuﬁﬁgLﬁu‘lmamﬁuw%s}uﬁmmﬁa 9 Tu
ﬂszmwgmulmy §am‘aflmmﬁuﬁaﬂs"’uﬂ§aswu

Table 2. Effects of dietary treatments on intake of dietary components by dairy cows during

different experimental periods

Treatment’
ltem SEM P-value
CON TREAT

Day0

DM, kg/d 10.62 10.28 0.21 0.149
Day15

DM, ke/d 11.20 10.71 0.38 0.282
Day30

DM, ke/d 11.59 10.92 0.39 0.067
Day45

DM, kg/d 11.65 10.69 0.18 0.004

1 CON = Basal diet + 0%FCP; TREAT = Basal diet + 20%FCP. DMI =

Dry matter intake. SEM = standard error of the mean
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Table 3. Effects of dietary treatments on rumen fermentation characteristics of dairy cows during

different experimental periods

Treatment'
Item SEM P-value
CON TREAT
Day0
Rumen pH 6.85 6.82 0.16 0.833
Ruminating time, mins 347.57 342.84 38.94 0.443
NH5-N, me/dL 19.41 20.13 0.61 0.139
Total VFAs , mmol/L 61.35 58.72 2.84 0.180
Acetate (C2), mol/100mol 72.55 70.46 1.60 0.137
Propionate (C3), mol/100mol 20.70 21.58 0.54 0.484
Butyrate (C4), mol/100mol 6.75 7.96 0.47 0.115
c2:.C3 3.50 3.26 0.12 0.203
Day15
Rumen pH 6.73 6.80 0.14 0.233
Ruminating time, mins 372.61 365.40 39.23 0.436
NH-N, me/dL 21.82 22.37 0.56 0.129
Total VFAs , mmol/L 60.22 62.03 3.02 0.137
Acetate (C2), mol/100mol 68.88 69.40 2.31 0.485
Propionate (C3), mol/100mol 22.10 23.44 0.72 0.264
Butyrate (C4), mol/100mol 9.02 7.16 0.51 0.184
c2:.C3 3.07 296 0.15 0.332
Day30
Rumen pH 6.79 6.75 0.15 0.428
Ruminating time, mins 357.60 372.86 24.59 0.449
NH;-N, mg/dL 20.84 23.34 0.53 0.022
Total VFAs , mmol/L 59.17 65.29 275 0.004
Acetate (C2), mol/100mol 71.56 69.89 2.16 0.109
Propionate (C3), mol/100mol 21.30 24.67 0.69 0.023
Butyrate (C4), mol/100mol 7.14 5.44 0.78 0.148
c2:.C3 3.35 2.83 0.14 0.006
Day45
Rumen pH 6.80 6.78 0.10 0.828
Ruminating time, mins 353.75 364.60 27.94 0.304
NH;-N, mg/dL 18.97 23.11 0.47 0.002
Total VFAs , mmol/L 62.41 66.73 3.17 0.042
Acetate (C2), mol/100mol 68.90 65.41 2.33 0.152
Propionate (C3), mol/100mol 20.39 24.57 0.66 0.019
Butyrate (C4), mol/100mol 10.71 10.02 0.53 0.125
c2:.C3 3.37 2.66 0.12 0.034

' CON = Basal diet + 0%FCP; TREAT = Basal diet + 20%FCP. NHs-N = Ammonia nitrogen; VFAs = volatile fatty acid. SEM =

standard error of the mean
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Table 4. Effects of dietary treatments on lactation performance of dairy cows during different

experimental periods

Treatment!
Item SEM P-value
CON TREAT
Day0
Milk yield, kg/d 11.45 11.13 0.73 0.417
3.5% FCM?, keg/d 12.26 11.02 1.16 0.259
FPCM?, kg/d 11.25 10.98 0.87 0.434
Feed efficiency, milk/DMI 1.08 1.10 0.07 0.440
Milk composition, %
Fat 393 3.36 0.32 0.129
Protein 3.16 3.14 0.07 0.438
Lactose 4.58 4.60 0.03 0.408
Total solid 12.82 12.29 0.40 0.174
Solid not fat 8.89 8.94 0.07 0.730
Day15
Milk yield, kg/d 11.05 1141 0.93 0.412
3.5% FCM, kg/d 12.41 11.91 1.19 0.397
FPCM, kg/d 11.24 11.80 1.04 0.447
Feed efficiency, milk/DMI 0.92 1.07 0.09 0.174
Milk composition, %
Fat 4.28 373 0.35 0.105
Protein 3.09 3.17 0.04 0.119
Lactose 4.52 4.51 0.05 0.448
Total solid 13.01 12.47 0.38 0.121
Solid not fat 8.73 8.72 0.05 0.966
Day30
Milk yield, kg/d 11.87 11.26 0.74 0.345
3.5% FCM, kg/d 12.03 13.83 0.87 0.141
FPCM, kg/d 11.31 12.86 0.73 0.234
Feed efficiency, milk/DMI 0.96 0.98 0.06 0.446
Milk composition, %
Fat 359 3.99 0.22 0.109
Protein 333 3.21 0.03 0.126
Lactose 4.49 4.35 0.04 0.136
Total solid 12.56 13.14 0.26 0.110
Solid not fat 8.97 8.65 0.09 0.144
Day45
Milk yield, kg/d 10.59 10.13 0.86 0.383
3.5% FCM, kg/d 11.15 11.19 0.95 0.490
FPCM, kg/d 10.34 10.88 0.84 0.474
Feed efficiency, milk/DMI 0.86 0.92 0.08 0.327
Milk composition, %
Fat 373 4.07 0.19 0.107
Protein 3.28 3.21 0.05 0.276
Lactose 4.52 4.44 0.06 0.272
Total solid 12.66 12.95 0.19 0.193
Solid not fat 8.92 8.77 0.06 0.370

L CON = Basal diet + 0%FCP; TREAT = Basal diet + 20%FCP. 2 3.5%FCM (3.5%Fat-corrected milk, kg/d) = 0.4324 x milk
(kg/d) + [16.218 x milk fat (kg/d)].> FPCM (fat and protein corrected milk, kg/d) = milk yield (kg/d) x[0.116 x fat (%) +0.06
x protein (%) + 0.337]. DMI = Dry matter intake. SEM = standard error of the mean
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Table 5. Effect of dietary treatment on blood metabolic profiles of dairy cows at different trial

periods
Treatment!
ltem SEM P-value
CON TREAT
Day0
BUN, mg/dL 15.93 16.14 0.71 0.402
Creatinine, mg/dL 1.09 1.13 0.02 0.495
AST, U/L 74.50 75.37 1.92 0.253
ALT, U/L 26.41 26.85 0.69 0.429
Total protein, g/dl 9.24 8.98 0.36 0.118
Albumin, g/dl 3.48 3.45 0.04 0.670
Day15
BUN, mg/dL 17.16 16.98 0.82 0.207
Creatinine, mg/dL 1.03 1.02 0.03 0.323
AST, U/L 74.61 75.49 2.14 0.291
ALT, U/L 26.90 27.05 1.20 0.988
Total protein, g/dl 9.20 8.74 0.68 0.227
Albumin, g/dl 3.46 3.53 0.17 0.248
Day30
BUN, meg/dL 16.45 17.47 0.77 0.112
Creatinine, mg/dL 1.12 1.19 0.02 0.292
AST, U/L 73.83 76.00 3.06 0.263
ALT, U/L 26.83 27.54 1.16 0.256
Total protein, g/dl 9.35 9.07 0.83 0.653
Albumin, g/dl 3.53 3.77 0.15 0.848
Day45
BUN, mg/dL 16.88 17.13 0.65 0.730
Creatinine, mg/dL 1.10 1.16 0.03 0.689
AST, U/L 75.11 75.94 2.44 0.626
ALT, U/L 26.32 27.17 1.39 0.571
Total protein, g/dl 9.38 9.13 0.77 0.149
Albumin, g/dl 3.62 3.84 0.18 0.338

1 CON = Basal diet + 0%FCP; TREAT = Basal diet + 20%FCP. BUN = Blood urea nitrogen; AST = Aspartate aminotransferase;

ALT = Alanine aminotransferase; ALP = Alkaline phosphatase. SEM = standard error of the mean
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