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Prediction of Fecal Nitrogen and Fecal Phosphorus Content for Lactating Dairy Cows in Large —scale Dairy
Farms

QU Qing-bo, YANG Peng, ZHAI Zhong-wei, LI Ai-xiu, ZHANG Ke—-qiang”

( Agro—environmental Protection Institute, Ministry of Agriculture, Tianjin 300191, China)

Abstract; To facilitate efficient and sustainable manure management and reduce potential pollution, it's necessary for precise prediction of
fecal nutrient content. The aim of this study is to build prediction models of fecal nitrogen and phosphorus content by the factors of dietary
nutrient composition, days in milk, milk yield and body weight of Chinese Holstein lactating dairy cows. 20 kinds of dietary nutrient
composition and 60 feces samples were collected from lactating dairy cows from 7 large—scale dairy farms in Tianjin City; The fecal nitrogen
and phosphorus content were analyzed. The whole data set was divided into training data set and testing data set. The training data set,
including 14 kinds of dietary nutrient composition and 48 feces samples, was used to develop prediction models. The relationship between
fecal nitrogen or phosphorus content and dietary nutrient composition was illustrated by means of correlation and regression analysis using
SAS software. The results showed that fecal nitrogen (FN ) content was highly positively correlated with organic matter intake (OMI) and
crude fat intake (CFi), and correlation coefficients were 0.836 and 0.705, respectively. Negative correlation coefficient was found

between fecal phosphorus(FP) content and body weight(BW ), and the correlation coefficient was —0.525. Among different approaches to

YrFE B E#1:2017-02-15

ELWE KA B S (850 BT H (12ZCZDNC09600) ; i [E A B2 BBk ATET TR0 s Al B A A K IR A5 H
PEE BT RIE I (1992—) , 2o, ILPE IR AR 2R, RN B S SRS B G 5E o E-mail : gingboqu2014@163.com
*BIEIEE . K5 E-mail: kqzhang68@126.com

—234— http://www.aed.org.cn



IR, A UL A4 370 LA S Sl 5 i PO R R 5 2017 %5 B

develop prediction models, the results indicated that determination coefficients of multiple linear regression equations were higher than those
of simple linear regression equations. Specially, fecal nitrogen content was excellently predicted by milk yield(MY ), days in milk (DIM ),
organic matter intake(OMI) and nitrogen intake (NI ), and the model was as follows : y=0.43+0.29xMY +0.02xDIM+0.92xOMI-13.01 xNI
(R?*=0.96). Accordingly, the highest determination coefficient of prediction equation of FP content was 0.62, when body weight (BW ),
phosphorus intake(PI) and nitrogen intake (NI ) were combined as predictors. The prediction equation was as follows : y=22.97-0.026xBW —
4.02 xNI+14.63 xPI. Using the testing data set, including 6 kinds of dietary nutrient composition and 18 feces samples for the external
validation, the relative error between predicted value and measured value of fecal nitrogen and fecal phosphorus content were 1.62% and
3.81%, respectively; the standard error of prediction were 0.70 mg+ g™ and 0.68 mg+ g™, respectively. The results indicated the equations had

good accuracy for predicting fecal nitrogen and fecal phosphorus content.

Keywords: lactating dairy cows; fecal nitrogen; fecal phosphorus; dietary nutrient composition; prediction models
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Table 1 Statistical results of basic data,fecal nitrogen and fecal phosphorus content

A5 Variable F/MH Minimum KAl Maximum — FXJ{E Mean  #2% Range FrifEZE SD - AESRRE CVI%
H #1#5 A& Dietary intake/kg+d™+ 3k 39.6 53.51 47.44 13.91 3.64 7.68
THy 5k A DMI/kg-d™' -3k 19.66 27.05 24.05 7.39 2.35 9.77
HIE A B AR CPikg-d™ 3k 2.84 5.38 3.89 2.54 0.76 19.54
HAE I HEA & CFi/kg-d™- 3k 0.27 1.63 1.10 1.36 0.31 27.97
HHUFRHEA R OMI/kg-d™ - 3L 18 25.16 22.11 7.16 2.19 9.90
AAEAR Nlkg-d'- 3k 0.45 0.86 0.62 0.41 0.12 19.57
WS AL Pl/kg - d - 3k 0.07 0.13 0.1 0.06 0.02 16.95
PP KL DIM/ 68 372 215 304 94.85 44.03
1ATE BW/kg-3k™ 550 750 660 200 47.57 7.20
PR MY/kgd -3k 18.6 50 32.85 31.4 9.71 29.55
ZEH B A FN/mg- g™ 21.35 31.94 26.82 10.59 2.36 8.79
{5 BBk FP/mg- g™ 2.76 6.78 4.53 4.02 0.93 20.48

T RA L BB H LT E

Note: Fecal nitrogen and fecal phosphorus content are calculated on dry basis.
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Table 2 Relationships between basic data of lactating dairy cows, diet and fecal nitrogen content

i H item BW MY DIM Dietary intake DMI CPi CFi OMI NI PI
Pearson fIC A% -0.44 0.579%* -0.26 0.361 0.549%* 0.404 0.705%* 0.836%#* 0.401 0.64+*
BFERIE 0.119 0.03 0.37 0.205 0.042 0.218 0.016 0.001 0.221 0.034

2% FRIRTE 0.1 KF T 3 5 4% RIRTE 0.05 ACF T3 5 %% FURTE 0.01 KT B35 T .

Note : * means significant correlation at 0.1 level; ** means significant correlation at 0.05 level ; *** means significant correlation at 0.01 level; The same

below.

R3 NEEZASEN—T&ENRGRE

Table 3 Simple linear regression equations for predicting fecal nitrogen content

iR S SRSy Ty PE BB R F 5% BEPIEI
Equation no. Independent variable Prediction equation ~ Determination coefficient F-test(P) RMSE/mg:- ¢
1 OMI y=8.431+0.78 1xOMI R’=0.70 <0.01 1.270
2 CFi y=21.179+4.093xCFi R’=0.50 <0.05 1.644
3 PI y=17.56+78.88xPI R’=0.41 <0.05 1.781
4 MY y=21.686+0.133xMY R*=0.34 <0.05 1.880
5 DMI y=13.761+0.508xDMI R*=0.30 <0.05 1.927
http://www.aed.org.cn —237—
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Table 4 Multiple linear regression equations for predicting fecal nitrogen content

Tt SRSty ot s e RERB R F 5 B
Equation no. Independent variable Prediction equation Determination coefficient F-test(P) RMSE/mg-g™
6 MY .DIM ,OMI NI ¥=0.43+0.29xMY+0.02xDIM+0.92xOMI-13.01xNI R’=0.96 <0.001 0.577
7 MY .DIM .CFi ¥=5.90+0.27xMY+0.03xDIM+4.82xCFi R*=0.91 <0.001 0.806
8 CPi,CFi,OMI\NI.PI y=1.33-34.51xCPi-1.60xCFi+1.53xOMI+204.0xNI+2.46xPI R>=0.85 <0.05 1.192
9 OMI NI PI ¥=5.07+1.30xOMI-8.30xNI-26.02xPI R>=0.81 <0.01 0.812
10 OMI NI ¥=6.15+1.09xOMI-6.96xNI R>=0.80 <0.01 1.110
11 DMI . BW MY ,DIM ¥=7.232+0.680xDMI-0.014xBW+0.180xM Y+0.025xDIM R=0.72 <0.05 1.404
12 CPi .CFi y=18.82+0.67xCPi+3.77xCFi R=0.57 <0.05 1.615
13 MY .DIM ¥=11.039+0.318xMY+0.022xDIM R?>=0.56 <0.05 1.600
x5 WA REAREMBESHELBHSEBEXEIN
Table 5 Relationships between basic data of lactating dairy cows, diet and fecal phosphorus content
Ui H item BW MY DIM Dietary intake DMI CPi CFi OMI NI PI
Pearson #3224 -0.525% 0.055 —-0.133 0.216 0.136 -0.196 0.296 0.126 —-0.205 0.248
WERRAH 0.054 0.851 0.65 0.459 0.642 0.563 0.376 0.712 0.545 0.463
—238— http://www.aed.org.cn
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Table 6 Multiple linear regression equations for predicting fecal phosphorus content

TR PR A e WERK R PR B
Equation no. Independent variable Prediction equation Determination coefficient F-test(P) RMSE/mg-g™
14 BW NI, PI ¥=22.97-0.026xBW-4.02xNI+14.63xP1 R’=0.62 <0.10 0.832
15 BW CPi CFi y=23.91-0.57xCPi+0.32xCFi-0.03xBW R’=0.58 <0.10 0.873
16 MY .BW .DMI y=8.18+0.31xDMI-0.01xBW-0.08xMY R’=0.40 0.146 4 0.905
17 MY .BW DIM ¥=15.20-0.01xBW-0.06xMY-0.01xDIM R=0.35 0.217 3 0.946
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Fo ANRIR LIBFLAARE R RO H ARG
IR 2 NS S = Rt = = VA B b B Gl S )
TR ZIuS M BIH R R P E A Ttk
PERNE AR 2545 R Yan 557, Reed 2629, Mari-
ni 5% Huhtanen S5 R 25 —2, HA 7 fE 6~ 7%
10 By 25U R*=0.8, %4 5 Hidi% 22 RMSE 7£ 0.5~1.2
mg- g™ Z [A] ARG B 4 vy, AT ORG ff b T 2
SRS i, A TR A R R ZE AT L
PRALIEREBAE D, AR 11 AR 12 FIFE 13 By
E R R:0.5<R*<0.8, ¥JJrtiR2z RMSE 45k
1.404 . 1.615 mg-g™ F1 1.600 mg- g™, {ZAE T A] HH 0% b

&7 MNERIGIES R
Table 7 External validation of the prediction model

iR S WEE P E/mg- g™ TOE P4 (H/mg g™ AHXS R 22/% 2 BIARHERE /mg - g™
Equation no. Mean measured value ~ Mean predicted value Relative error SEP
6 28.05 27.60 1.62 0.90 0.70
14 428 4.11 3.81 0.58 0.68

TE ST 5 00 5 (AR [ R R e AR

Note:r*is determination coefficient for linear regression between predicted and measured value.
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KT RERSEFR-F 345 F3H

T A 2 BAS T, IR S A T AR
Wit St Sast TR R AR IR HE

A LS 2 i B PO TR | A ol 5 i
DAL (R BE AR R AR o FE— el )y e, 4R
WELA AT BW 520 S HAT — B A G
P, JE T O T R AR E R AL R A 0.28, 1
JHIRZE RMSE 47 0.910 mg- g™, Wil iR 220X 0 K .
MEE ST ) 2 J6 [ A 5 R B P8 ZR BOR X — ot |l
A P, AR Hrp O R 14 fsfe
15 Y E 2 R*:0.5<R*<0.8, ¥J)7Hli%2% RMSE;
0.8 mg-g!' SRMSE<1.0 mg-g, AR M3t FoUmi s L A 26
fi S0 i R 16 FE AR 17 e REL R*<0.5,
AT T2 5 Sl B o, LTS B A e — 20
P& 5 Nennich %5 ¢ E A TREITE 2 ASAER
J Alvarez—Fuentes EPIF5Y 45 AR HE , ASBH 98 @27 19
FEfE SR TSRS B AR A . — 7 T AT e A
F A HIFEAS R A B06 BR , BERES e PR 22, 55
—J5 T T BB S GE T o3 M 9 1A O o A9 2 Bk
177 —JufZ etk mH 4T, A Rt — 2P X
AP ARG A BT 43R

4 #Hig

(1) AT A, 2SR AT RS HR
A BT OMI FHAR W48 A it CFi B B 1
TEAR DG, #HOC R E 5112 0.836.0.705, & S5
S WFLAARTE BW 0N AR BT -0.525,
LA B TR AE S H RS SR o 0 A B TR
R HER i o

(2)38 2 Ltk (|1 A A & 30, 2848 6 R0 & S i Tl
AR JEF = 55 MY =05 K%L DIM , HAA #L
JAE A OMI Iz & A NI 7 %) T 452 760 (1) ke
FRE R 515, 7 0.96, BRI : y=0.43+0.29xMY +
0.02xDIM+0.92xOMI-13.01xNI, & & a2 5 i T
il rh LTI BW AR AR NI s A
it PI g A TSR i ke e R AU R® iy, 9 0.62,
RSN £ y=22.97-0.026xBW—-4.02xNI+14.63xPI,,

(3 )3 3 TS TR g ST 06 UE 285 SR e B, 26 f L
BRI TR (y=0.43+0.29xMY +0.02xDIM +
0.92xOMI-13.01xNI )R g PR AT, AT A v i b Fotni
LA BA S P DB AR BRI RY (y=
22.97-0.026xBW—-4.02xNI+14.63xPI) (1 54 & P4 -,
ELTREIDRS 2 A7 R G , PR A S s L A 20 S
T
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