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Nutrient Digestibility, Milk Production, and Milk Composition in Lactating Dairy Cows
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Abstract: The objective of this study was to evaluate the effects of bypass protein-fat mixed product (BPFP)
supplementation on feed intake, nutrient digestibility, milk production and milk composition in dairy cows.
The experiment was arranged in a 4 x 4 Latin square design. There were 4 periods and each period lasted
for 21 days. Four crossbred Holstein Friesian cows with initial weight of 537.56 + 3.19 kg and 80.0 + 12.40
days in milk were assigned to receive one of four total mixed ration (TMR) diets that varied by 4 levels of
BPFP supplementation at 0, 150, 300 and 450 g/day. The TMR was composed of concentrated ingredients
to roughage (rice straw) at ratio of 60:40. The TMR contained 16.0% CP and 2.7 Mcal ME/kgDM. Animals
were top-dressed with concentrate (21% CP) at a rate of 2 kg/hd/day. The results reveal that the BPFP
supplementation had no effect (P> 0.05) on daily intake of dry matter (DM) (calculated as kg DM, %BW,
and g/kgWO'75) and other nutrients such as organic matter (OM), neutral detergent fiber (NDF) intake
(kgDM/d). However, as BPFP levels increased, crude protein (CP) and ether extract (EE) intake showed
trends for increased linearly (P<0.05), while acid detergent fiber (ADF) intake decreased linearly (P<0.05).
When BPFP was added, the apparent digestibility of DM (P= 0.08), organic matter (OM) (P = 0.07), and CP
(P = 0.09) increased linearly, while ADF digestibility linearly decreased (P = 0.08). Milk yield and milk

141
Copyright @ Journal of Agriculture, Faculty of Agriculture, Chiang Mai University. All rights reserved.



M5ATINEAT 39(2): 141 - 154 (2566)

composition did not differ significantly (P> 0.05) among dietary treatments. Based on the results of this
experiment, it was concluded that BPFP supplementation at any level had no effect on milk production or

milk composition in lactating dairy cows.
Keywords: Bypass fat-protein, digestibility, milk yield, milk composition, dairy cows
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Table 1.

bypass protein-fat product

Ingredients of the total mixed ration (TMR) and chemical composition of TMR, concentrate and

Item TMR
Ingredients, kg as fed basis

Rice straw 25
Cassava chip 33
Soybean meal 22
DDGS 314
Concentrate CP18% 1"
Rice bran 11
Cassava pulp, fresh 50
Premix 0.5
Salt 0.5
Dicalcium phosphate 1.0
Total 185.4
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Table 2. Chemical composition of TMR, concentrate and bypass protein-fat product

Item TMR Concentrate Bypass protein-fat mixed product

Dry matter (DM), % 61.93 92.19 95.18
%DM

Organic matter (OM) 91.19 90.76 72.09
Crude protein (CP) 16.28 26.25 28.21
Ether extracts (EE) 2.16 3.69 28.77
Neutral detergent fiber (NDF) 63.12 23.08 23.04
Acid detergent fiber (ADF) 23.70 14.33 14.25
Ash 8.81 9.24 27.91
ME', Mcal/kgDM 2.68 3.18 3.21

"Metabolizable energy (ME) calculated from chemical composition of each feed (Harris et al., 1972)
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Table 3. Effect of bypass protein-fat product on dry matter intake and nutrient intake in lactating dairy cows

Bypass protein-fat mixed product, g/d P-value
Items SEM
0 150 300 450 C vs BPFP L Q C

Avg. BW, kg 534.71  535.07 541.05 538.51 1.94 0.16 0.09 046 0.7
DM intake
TMR, kg/d 16.99 15.58 17.33 17.31 0.68 0.31 0.41 0.35 0.16
Concentrate, kg/d 1.84 1.84 1.84 1.84 - - - - -
BPFP, kg/d 0.00 0.14 0.29 0.43 - - - - -
Total, kg/d 18.83 17.57 19.46 19.58 0.68 0.24 022 035 0.15

%BW 3.45 3.25 3.55 3.56 0.13 0.36 028 047 0.21

g/kgWO'75 166.60 156.67 17160 172.35 6.07 0.33 0.26 0.44 0.21
Nutrient intake

OM, kg/d 16.94 16.14 17.73 17.86 0.62 0.28 0.17 0.48 0.22

CP, kg/d 320" 2.90° 3.54° 3.51° 0.10 0.02 0.02 0.25 0.01

EE, kg/d 042°  045° 0.51° 0.58" 0.01 0.001  <0.01 0.20 0.73

NDF, kg/d 11.92 10.33 10.97 11.42 0.43 0.17 0.68 0.06 0.26

ADF, kg/d 503°  3.85° 426" 397 0.17 0.11 001 024 002
Energy intake'

ME, Mcal/d 4515 4510 4918  50.20 1.72 0.17  0.05 0.76 0.39
Nutrient Requirement2

DMI, kg/d 1853  18.92 18.55 18.60 0.17 045 084 0.36 0.17

CP, kg/d 2.39 2.50 2.50 2.41 0.06 0.31 0.84 0.16 0.92

ME, Mcal/d 4335 4483 4488  43.65 0.81 029 0.80 0.14 0.97

Avg. BW = Average body weight, TMR = total mixed ration, BPFP = bypass protein-fat mixed product,

'1 kg DOM = 3.8 Mcal ME (Kearl, 1982)
* Calculated according to NRC (2001)

C = control group, BPFP = bypass protein-fat mixed product group

SEM = Standard errors of the mean

> Means in the same row with different superscripts differ (P < 0.05).

Probability of a Linear (L), quadratic (Q), and cubic (C) effects of bypass fat-protein levels
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nnadtunans sl sfunas lasuluacuan
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284 Hartati et al. (2014) Ranaweera et al. (2019)
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wAaLEaNae9nsa laduaneeng (calcium salt of long
chain fatty acid) fisvsy 200 nfusetu Tasnnsuay
1ue111s TMR wuan lddenasieniseeslslunssmng
wiln u@ﬂfv«mﬂﬁ Hantai et al. (2020) WL71 NIFLETN
lusulvasinuanninunan luannslauu sy s
3wefdud lddenansenurenisedenlalu

naaanAaad nail lunlasunilaaiugdanali

finsmTndeslunszmizudngn wazdenalid
nsuaARLAaanaalilanae (Mohammadian-Tabtizi
et al., 2011) druFulsfunanuiilaualisulugas
amnsuaNdSana 4 4p3 HAagaIng 3.20 - 3.54
Alansusieduy %qﬁngqndq NRC (2001) fisnendn
Tl lsfuanaminutszanm 20 - 25 Alansusiadu
pagldsutilsfiufidos Idaelssudng 2.5 - 3.0 Alansu
siadu ifasanlpuunguildfigasanunauandsa

Aflnansouainanlsiuuaslasdulva iy s fu
300 WAy 450 nfusedu JdFurunisiulauas
FutseAninistenldaeellsiunasladuid
wwaldfugendnnguau Aedenalinislasulnauslu
douresldsiiuuazladuganiinguaudan daua
s ﬁuwﬁwfmm%ﬂi Taae 147 @ sudl
AR TR ey Aawldnseduldsiuuay
wmmum‘muﬂmﬂummmma‘mmmm 4 gn9
FAldwnns19iun19an s (P>0.05) WANLIN
ummﬂfmm*mmmmﬂﬂimmmwmmuhmﬂm
Lwaﬂqimammuumﬂmiﬂi wWulng NRC (2001)
(Table 4) I AR NFARINNsTL SR WAy 2.39,
2.50, 2.500 WAz 2.41 Alansumadu LazANAeINIg
wa Ui s Tandld winf 43.35, 44.83, 44.88
uat 43.65 wnzunaaisedu lulauiildfugns
ANMNINAREY ANNATAL

Table 4. Effect of bypass protein-fat mixed product on nutrient digestibility in lactating dairy cows

toms Bypass protein-fat mixed product, g/d SEM P-value
0 150 300 450 C vs BPFP L Q C
Apparent digestibility, %
DM 67.41 70.46 69.97 71.60 1.28 0.23 0.08 060 0.36
oM 70.11 73.52 73.03 74.22 1.21 0.19 0.07 040 0.34
CP 72.18 72.02 75.96 76.05 1.75 0.27 0.09 094 035
EE 82.51 87.22 85.79 87.17 1.86 0.33 0.18  0.41 0.32
NDF 65.60 65.16 63.31 66.93 1.66 0.53 0.78 027 093
ADF 52.11 46.85 4516 4463  2.60 0.26 0.08 040 0.84

C = control group, BPFP = bypass protein-fat mixed product group

SEM = Standard errors of the mean,

*° Means in the same row with different superscripts differ (P < 0.05).

Probability of a Linear (L), quadratic (Q), and cubic (C) effects of bypass fat-protein levels
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HaURINTEsNRARN M naNTUsAuuazlady
'luaci'm°lu§m'a‘mw\'a‘waud'\@qsi'awawamf'mu
wavasAlsznainus
nnaasunandunanTdsaunazlodu
Tnasnwld danasierFunniium (Table 5) WANFNY
AUN19405 (P>0.05) 42AARRIATLNITAN IR
Phakachoed and Meeprom (2020) Laz Leiva et al.
(2018) ‘17{Lm?mmimﬁuvl,ms&mmnﬁwﬁuﬂm’ﬂugﬂ
inde uAaldanreansaladudanaena 300 nfuAadis
lidanasieiFunnminum udeenlsfiany n1sAnm
189 Meshram et al. (2016) Wud1 n131a3u laau

MANIUATNIIDA NI U ANA AU WA N
12.73 wasdus dailsr@nininnnsldisslagiaas
nealasiuludndiaaafesiuvag futiinaeense
lasiu Tnansaladuilaudfindlsz@nsnanige
adngaladulianmiaadunaliinisiasunsa
U1amanlue u1s ausainlsuaununle
(Piantoni et al., 2013) NN NTUIDINANAAUIUN
ANNNITLAFHNANIUH TN UT RS TILANFAIG AN
o rd‘d a a a so/ all Vo
Andnddsz@nsnannisuanuiuniiganinlaiy

e 42 x Y m y L 2 ox
PRI UNANTB AN A TSN U BN AN AN T W
TuFuoungannndn (Eknaes et al., 2017) ludou

Table 5. Milk yield and milk composition in lactating dairy cows supplemented with various levels of

bypass protein-fat product

Bypass protein-fat mixed product, g/d P-value
Items SEM
0 150 300 450 C vs BPFP L Q C

Milk yield, kg/d ~ 23.08 23.67 23.92 2317 0.773 0.59 0.88 0.42 0.86
4%FCM’, kg/d 21.78 23.04 22.94 21.97 0.658 0.29 0.88 0.14 0.87
Milk composition

Fat, % 3.59 3.84 3.71 3.65 0.102 0.25 0.89 0.17 0.35
Protein, % 3.01 2.9 2.99 2.92 0.044 0.22 0.39 0.75 0.13
Lactose, % 4.71 4.63 4.76 4.75 0.034 0.98 0.16 0.29 0.07
SNF, % 8.39 8.26 8.45 8.32 0.073 0.58 0.92 0.99 0.09
TS, % 12.10 1217 12.30 12.16 0.127 0.49 0.63 0.43 0.58
Composition production

Fat, kg/d 0.84 0.91 0.89 0.85 0.026 0.19 0.88 0.07 0.69
Protein, kg/d 0.70 0.69 0.72 0.67 0.022 0.92 0.68 0.43 0.37
Lactose, kg/d 1.09 1.10 1.14 1.10 0.041 0.63 0.69 0.59 0.58

4%FCM = 4%Fat corrected milk, SNF = solid not fat, TS = total solid, SCC = somatic cell count,

C = control group, BPFP = bypass protein-fat mixed product group

'4%FCM = 0.4 x milk yield (kg/d) + 15 x fat yield (kg/d)

SEM = Standard errors of the mean

¢ Probability of a Linear (L), quadratic (Q), and cubic (C) effects of bypass fat-protein levels
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LATARAARBATLINTTANTIT8Y Akhlaghi et al. (2020)
wudn nasadalasiulvariu veszRugeuas
sLAURNGINAT TR ARA ALY 50N
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1 Wu0457 Mobeen et al. (2019) WL NITLATH
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2017) a¢i4lsAmNn19AN 1929 Phakachoed and
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IWHTU Wanannu mumuiwuiu@muwﬂ‘m
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wua i 83y Thapa ef al. (2019) WUA1 1634
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ASUUIEANTNINNT TN IR NANAR
Yuu (feed efficiency, FE) HaNAR LN T AN
‘wmmu (energy corrected milk, ECM) Tun1means
A%t (Table 6) W14 FA T UANANATUN9ERT
(P> 0.05) aanArasriulInaun1snwls wazlFunn
HANART LT I uAnsNaTY agnglefnny dadou
gaqladurallsin (fat to protein ratio, F:T) wuqn
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fisxd 150 niusasy lunnmAneT TR UTINN 165N
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lulng1a1 (nitrogen utilization efficiency, NUE) H A1
anauilesyiunnsasunAn S el sAunas lasuy
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szlamfveqlulnsauanas (P < 0.05) ¥t a1aufin
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LL@u"Lmﬁuiu@Nﬂuiuiwﬁuﬁmm Ly 9T sAudi
1m5umqmuLﬂunq1mwmmms’lumimiﬂ’lw@m
uiuauazesdlsznetsinuy (Table 2) ADAARD
ALTILIUUEN Rodriguez et al. (1997) Vliﬂilx‘i’]ufm
frzéfu‘iﬂiﬁu‘ﬁ'Qa%uiuqrﬂimmwmmaﬁﬂﬁ
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Table 6. Feed efficiency, energy corrected milk, fat to protein ration, nitrogen utilization efficiency, somatic cell

count and somatic cell score in lactating dairy cows supplemented with various levels of bypass

protein-fat product

Bypass protein-fat mixed product,g/d P-value
Items SEM Cvs
0 150 300 450 BPEP Q ¢C
Feed efficiency’ 1.31 1.26 1.20 1.23 0.04 024 010 030 051
ECM?, kg/d 2113 2196 2219  21.15 0659 044 093 021 083
Fat : Protein 1.19° 1.33° 1.24® 125" 0033 007 052 0.10 0.08
NUE® 0.20° 0.21° 0.18° 018> 0003 003 <001 051 0.01
SCC, log10 4.94 5.18 5.12 5.39 0.171 019 014 094 044
scs* 2.82 3.61 3.41 4.30 0570 019 014 093 043

C= control group, BPFP = bypass protein-fat mixed product group, SCC = somatic cell count,

"Feed efficiency = milk yield/dry matter intake

’ECM = milk x (0.38x% fat + 0.24x% protein + 0.17x% lactose)/3.17
3Nitrogen utilization efficiency = (milk protein yield (kg/d) + 6.38) / (crude protein intake (kg/d) + 6.25) (Broderick et al., 2009)
“Somatic cell score (SCS) = log,(SCC/100,000) + 3 (Ali and Shook, 1980)

> Means in the same row with different superscripts differ (P < 0.05)

SEM= Standard errors of the mean

¢ Probability of a Linear (L), quadratic (Q), and cubic (C) effects of bypass fat-protein levels
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