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Abstract

This study aimed to evaluate the accuracy of stoichiometric models in predicting
rumen volatile fatty acid (VFA) composition in Chinese lactating dairy cows and
analyze the reasons affecting model prediction accuracy. This study selected
three classic dairy cow rumen VFA models, namely the MUR model, DIJ model,
and BAN model. Experimental data were obtained from 18 papers by major
Chinese research teams, including 14 SCI papers, 3 Chinese core journal articles,
and 1 unpublished English article. The paper data included animal diet, body
weight, dry matter intake, feed additives, and proportions of VFA components.
Two analytical methods, mean square prediction error (MSPE) and concordance
correlation coefficient (CCC), were used to evaluate and analyze the estimation
accuracy of the three classic dairy cow rumen VFA models. The results showed
that the BAN model had the highest estimation accuracy for acetate proportion
(coefficient of determination = 0.140, P = 0.007), with a root mean square
prediction error of 6.8%, and the error mainly originated from deviation of
overall bias (47.8%). The three models were unable to predict the proportions
of propionate, butyrate, and other acids. In conclusion, the BAN model had the
highest accuracy in predicting acetate proportion among the three models, but
the prediction accuracy was still low, with errors originating from deviation of
overall bias. There is an urgent need to establish VFA stoichiometric prediction
models suitable for China’ s national conditions using more data.
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Abstract

This study evaluated the prediction accuracy of stoichiometric models for ru-
minal volatile fatty acid (VFA) profiles in Chinese lactating dairy cows and
analyzed factors influencing model precision. Three classical ruminal VFA stoi-
chiometric models were selected: the MUR model, DIJ model, and BAN model.
Experimental data were compiled from 18 studies published by major Chinese
research teams, comprising 14 SCI papers, 3 Chinese core journal articles, and
1 unpublished English manuscript. The dataset included information on animal
diets, body weight, dry matter intake, feed additives, and VFA component pro-
portions. Two analytical methods—mean squared prediction error (MSPE) and
concordance correlation coefficient (CCC)—were employed to assess the predic-
tion accuracy of the three models. The results indicated that the BAN model
achieved the highest accuracy for acetate proportion estimation (R? = 0.140,
P = 0.007) with a root mean squared prediction error of 6.8%, though error
primarily stemmed from overall bias deviation (47.8%). None of the three mod-
els could satisfactorily predict propionate, butyrate, or other acid proportions.
In conclusion, while the BAN model demonstrated the highest precision for ac-
etate prediction among the three models, its overall accuracy remained low with
errors derived from overall bias deviation. There is an urgent need to develop
VFA stoichiometric prediction models tailored to Chinese conditions using more
comprehensive datasets.

Keywords: volatile fatty acids; model; mean squared prediction error; concor-
dance correlation coefficient; lactating dairy cows

Volatile fatty acids (VFAs) are fermentation products of dietary carbohydrates
by rumen microorganisms and represent the primary energy source for rumi-
nants, supplying 70-80% of their energy requirements. VFAs include acetate,
propionate, butyrate, and other short-chain fatty acids, with acetate, propi-
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onate, and butyrate accounting for 95% of total VFA production in the rumen.
Acetate and butyrate serve as precursors for fat synthesis, while propionate is a
key precursor for gluconeogenesis in ruminants. According to Brunette et al. and
Seymour et al., ruminal VFA proportions significantly influence milk yield, milk
protein content, and milk fat content in dairy cows, playing a critical role in
maintaining normal energy metabolism.

Mathematical models for ruminal VFA proportions in dairy cows include empiri-
cal models and mechanistic models, with the latter also known as stoichiometric
models. Compared to empirical models, stoichiometric models incorporate both
the effective degradation rates of dietary chemical components in the rumen
and conversion coefficients among VFA components, thereby better reflecting
the relationship between dietary composition and ruminal VFA profiles. Conse-
quently, international scholars have developed models to predict ruminal VFA
proportions based on dietary chemical components. However, the accuracy of
these models varies considerably when applied to different regions and time pe-
riods. Currently, few studies have utilized these models to estimate ruminal
VFA proportions in Chinese lactating dairy cows.

In 1982, Murphy et al. developed the first international stoichiometric model
(MUR model) using five chemical components through infinite iteration and
least squares methods. In 1992, Dijkstra et al. enhanced the MUR model by
incorporating ruminal pH and VFA absorption rates, creating the DIJ model. In
2006, Bannink et al. further refined the DIJ model by introducing biochemical
pathways of VFA production, establishing the BAN model. This study aims
to evaluate the accuracy of these three classical models in predicting ruminal
VFA proportions in Chinese lactating dairy cows and to explore factors affecting
model precision. By reviewing published studies from Chinese researchers and
compiling data on animal body weight, dry matter intake, dietary components,
and VFA profiles, we employed MSPE and CCC methods to assess the prediction
accuracy of the three models. The findings will contribute to the selection
and development of stoichiometric models suitable for predicting ruminal VFA
profiles in Chinese dairy cows.

1.1 Model Selection

Three classical ruminal VFA stoichiometric models for ruminants were selected:
the MUR model, DIJ model, and BAN model. According to the data require-
ments of each model, diets were classified into concentrate diets (C diets, con-
centrate proportion 50%) and forage diets (R diets, concentrate proportion <
50%). Common parameters required by all three models included: contents of
five major dietary chemical components (soluble carbohydrates, starch, cellulose,
hemicellulose, and crude protein), intake levels, ruminal effective degradation
rates of these five components, and ruminal VFA proportions. All three models
employed infinite iteration and least squares methods to establish conversion
coefficients between the five chemical components (independent variables) and
VFA proportions (dependent variables).
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1.2 Dairy Cow Experimental Data

Chinese and English articles were retrieved from CNKI and Web of Science,
respectively, using search terms including “dairy cows,” research team names,
and institutional affiliations, with publication dates ranging from 2000 to 2016.
The research teams and institutions included: Tan Zhiliang (Institute of Sub-
tropical Agriculture, Chinese Academy of Sciences), Wang Jiaqi (Institute of
Animal Science, Chinese Academy of Agricultural Sciences), Liu Jianxin (Zhe-
jlang University), Diao Qiyu (Institute of Feed Research, Chinese Academy of
Agricultural Sciences), Li Shengli (China Agricultural University), Meng Qingx-
iang (China Agricultural University), Wang Hongrong (Yangzhou University),
and Zhu Weiyun (Nanjing Agricultural University). The searches yielded 10,
7, 5, 16, 7, 12, 2, and 2 Chinese articles, and 2, 12, 32, 1, 19, 2, 2, and 2
English articles, respectively. Only lactating dairy cow feeding trials were re-
tained (excluding 2 calf studies), and articles had to provide data on animal
diets, body weight, dry matter intake, feed additives, and VFA component pro-
portions. Additionally, studies with acetate proportions exceeding 70% in C
diets were excluded (1 article). The final dataset comprised 14 SCI papers, 3
Chinese core journal articles, and 1 unpublished manuscript from Tan Zhiliang’
s team. The utilized studies included: 1 from Tan Zhiliang (Wang et al.), 7
from Wang Jiaqi (Wang et al., Sun et al., Yang et al., Peng et al., Guo et al.,
Pan et al., and Zhao et al.), 2 from Liu Jianxin (Wang et al., Zhang et al.), 6
from Li Shengli (Zhang et al., Zeng et al., Guo et al., Sun et al., Chen et al.,
Cao et al.), and 1 from Zhu Weiyun (Wang et al.).

1.3 Dietary Information

Among the 17 published and 1 unpublished Chinese studies, nutrient composi-
tion in Chinese core journal articles was determined according to methods de-
scribed by Zhang Liying, while organic matter (OM), crude protein (CP), ash,
and ether extract (EE) in 13 English articles were analyzed following AOAC
methods. Neutral detergent fiber (NDF) and acid detergent fiber (ADF) con-
tents were measured using Van Soest et al.” s methods. For 3 articles lacking
complete dietary component information, values were estimated using the In-
ternational Tables of Feed Composition for Ruminants and the CNCPS System
Evolution Model and Feed Composition Tables. Soluble carbohydrates, hemi-
cellulose, and cellulose were calculated using the following formulas:

Soluble carbohydrates = OM - EE - starch - NDF - CP
Hemicellulose = NDF - ADF
Cellulose = ADF - acid detergent lignin (ADL)

1.4 Rumen Effective Degradation of Dietary Components

The selected models require ruminal effective degradation amounts of the five
major chemical components. Effective degradation was calculated using rumen
passage rate, rapidly degradable fraction, and slowly degradable fraction. The
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calculation formula was:

P, =a+bx & x e etk

Where: P, is the effective degradation of a chemical component (%); a is the
rapidly degradable fraction content (%); b is the slowly degradable fraction
content (%); ¢ is the ruminal degradation rate (b '); k is the ruminal passage
rate (h 1); and ¢ is time (set at 24 h).

Ruminal passage rates for dietary components were estimated using Fox et al.’
s model:

=3.362 +0.479 x DMI —0.017 x BW%7 —0.007 x F'
=2.904 + 1.375 x DMI — 0.020 x BW%7 —(.008 x F

kforage
k

concentrate

Where: k,,.q4e 18 the passage rate of forage (0 '); kconcentrate 18 the passage rate
of concentrate (h'); DMI is dry matter intake (kg/d); BW® ™ is metabolic
body weight (kg); and F is the proportion of forage in the diet (%).

1.5 Model Analysis

This study employed MSPE and CCC methods to evaluate the prediction ac-
curacy of the three models. The MSPE analysis comprises three components:
error due to overall bias (ECT), error due to regression slope deviation from
unity (ER), and random error (ED), expressed as percentages of observed val-
ues. The CCC analysis includes four components: bias correction factor (Cb),
correlation coefficient between predicted and observed values (r), ratio of stan-
dard deviations (v), and shift in location (u). Calculation formulas for both
methods followed Xie Tianyu. Linear regression analysis between observed and
predicted VFA values and between residuals and predicted values was performed
using SPSS 18.0, with significance set at P < 0.01.

2.1 Summary of Dairy Cow Dietary Information

Data on cow body weight, diet composition, and dry matter intake are summa-
rized in Table 1 . Dry matter intake ranged from 10.5 to 24.0 kg/d, averaging
17.6 kg/d. Body weight ranged from 474 to 700 kg, averaging 560 kg. The C
diet group had higher starch content (172-387 g/kg) and lower NDF content
(253-539 g/kg) compared to the R diet group (86-244 g/kg starch and 371-521
g/kg NDF).

2.2 Effective Rumen Degradation of Five Major Dietary Components

The ranges of effective ruminal degradation for soluble carbohydrates, starch,
cellulose, hemicellulose, and crude protein were 0.60-3.13, 1.37-3.52, 0.59-2.59,
0.46-1.42, and 0.33-1.99 kg/d, respectively, in the C diet group, and 0.74-2.73,
0.96-2.55, 0.80-1.43, 0.38-1.16, and 0.66-1.75 kg/d, respectively, in the R diet
group (Table 2).
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2.3 Summary of VFA Component Proportions

Measured ruminal VFA proportions were as follows: acetate ranged from 57.2%
to 72.9% (mean 65.5%); propionate ranged from 15.5% to 25.4% (mean 20.2%);
butyrate ranged from 7.5% to 13.6% (mean 11.0%); and other acids (including
valerate, isovalerate, and isobutyrate) ranged from 0.8% to 9.6% (mean 4.1%)
(Table 2).

2.4 MSPE Analysis Results

As shown in Table 3 and Figure 1 [Figure 1: see original paper], the BAN model
exhibited the smallest RMSPE for acetate proportion (6.8%) and the largest
coefficient of determination (R? = 0.140). The MUR model showed the largest
RMSPE (21.6%). The regression line between predicted and observed values
for the BAN model was closest to the 1:1 standard line, with error primarily
attributed to overall bias deviation (47.8%). All three models failed to predict
propionate, butyrate, and other acid proportions, with R? values below 0.100
and no significant correlations (P > 0.01).

2.5 Residual Analysis Results

Linear regression results between residuals and predicted values are presented
in Table 4 . The slopes and intercepts of regression equations for residuals
versus predicted values differed significantly from zero (P < 0.01) for acetate,
propionate, and other acids in the MUR and DIJ models, and for propionate
in the BAN model. The R?2 values for these relationships ranged from 0.019 to
0.749.

2.6 CCC Analysis Results

As shown in Table 5 and Figure 2 [Figure 2: see original paper], the BAN
model achieved the highest CCC value for acetate proportion (0.178), while the
MUR model had the lowest (0.044). The regression equation for residuals versus
predicted values in the BAN model was closest to the zero standard line. For
propionate, butyrate, and other acids, all models exhibited CCC values below
0.120, with regression lines crossing the zero standard line. The Cb values for
propionate prediction exceeded 0.200 across all models, with u values below zero,
indicating systematic overestimation of propionate proportions.

3 Discussion

Alemu et al. evaluated four VFA models using 141 datasets from dairy cows
and reported low prediction accuracy for the MUR model, consistent with our
findings. In this study, the MUR model yielded R? values below 0.1 with no
significant correlations. MSPE component analysis revealed that overall bias
and slope errors accounted for over 50% of prediction errors for acetate, propi-
onate, butyrate, and other acids. Residual plots showed clear deviation from the
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zero standard line, with significant differences in slope and intercept for acetate,
propionate, and other acids. The MUR model does not account for VFA produc-
tion rates, interconversions, or absorption rates. Furthermore, it was developed
using VFA data from beef cattle and sheep. Chamberlain et al. and Loncke et
al. demonstrated that the acetate-to-propionate ratio differs between beef cattle
and sheep, with higher ratios in beef cattle. Morvay et al. evaluated six VFA
models using 101 dairy cow datasets and concluded that models based on beef
cattle and sheep data poorly predict VFA profiles in dairy cows. Therefore, the
low accuracy of the MUR model in this study can be attributed to two factors:
(1) the model’ s failure to consider VFA production rates, interconversions, and
absorption; and (2) the inappropriateness of conversion coefficients derived from
beef cattle and sheep data for dairy cow applications.

Dijkstra et al. recognized that a portion of ruminal VFAs is absorbed by the
rumen wall, leading the DIJ model to incorporate absorption rates for acetate,
propionate, butyrate, and other VFAs as reported by Hogan and Danielli. The
model also included ruminal pH as a factor influencing VFA production. How-
ever, our CCC analysis revealed low prediction accuracy for the DIJ model (all
values below 0.160) with R? values below 0.100 and no significant correlations.
Residual plots showed marked deviation from the zero standard line, with sig-
nificant slope and intercept differences for acetate, propionate, and other acids.
Additionally, distinct stratification was observed between R and C diets for
acetate, propionate, and other acids. Bannink et al. similarly reported low ac-
curacy for the DIJ model and observed stratification between diet types when
evaluating three models with dairy cow data. The poor performance of the
DIJ model may stem from: (1) consideration of VFA absorption rates without
accounting for interconversions and production rates; and (2) failure to incor-
porate the influence of microbial fermentation biochemical pathways on VFA
proportions.

The BAN model introduced biochemical pathways of hexose degradation to VFA
components. For instance, 1 mol of carbohydrate hexose units (from soluble car-
bohydrates, starch, cellulose, hemicellulose) degrades to produce 2 mol of acetate
and propionate, and 1 mol of butyrate and other acids, while 1 mol of protein is
equivalent to 0.55 mol of carbohydrate hexose. Consequently, the BAN model
multiplied the conversion equations for the five chemical components to acetate
and propionate by 2. The model also incorporated VFA absorption and passage
rates. By refining the biochemical processes of ruminal hexose degradation, the
BAN model improved VFA proportion prediction accuracy. Morvay et al. re-
ported that the BAN model enhanced acetate prediction accuracy compared
to the MUR and DIJ models, consistent with our results. In this study, the
regression between predicted and observed acetate proportions was significant,
and both MSPE and CCC analyses confirmed that the BAN model achieved
the highest acetate prediction accuracy among the three models.

However, despite improved acetate prediction, the BAN model’ s overall accu-
racy remained low (CCC < 0.200, R? < 0.200). MSPE component analysis
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indicated that overall bias and slope errors exceeded 45% of total prediction
error. Previous research has confirmed that ruminal VFA proportions are influ-
enced by dietary chemical components. In this study, starch intake in both C
and R diet groups was lower than that used in the BAN model development,
while NDF content was higher than in the original BAN model diets, reflecting
lower feeding levels in Chinese dairy production compared to the Netherlands.
Additionally, the BAN model assumed identical absorption and passage rates
for all VFA components. Murphy reported that VFA absorption rates increase
with carbon chain length, suggesting this assumption may overestimate acetate
proportions and compromise model accuracy.

4 Conclusion

1. Although the BAN model achieved the highest accuracy for acetate
proportion prediction, its precision remained low, with errors primarily
derived from overall bias deviation.

2. The MUR, DIJ, and BAN models were unable to predict propionate,
butyrate, and other acid proportions.

3. All three models were developed using data from foreign dairy farms and
are unsuitable for estimating ruminal VFA composition in Chinese dairy
cows. There is an urgent need to develop VFA stoichiometric prediction
models tailored to Chinese conditions using more extensive datasets.

References

[1] BERGMAN E N. Energy contributions of volatile fatty acids from the gas-
trointestinal tract in various species[J]. Physiological Reviews, 1990, 70(70):
567-590.

[2] MCLEOD K R, BALDWIN R L. Effects of diet forage:concentrate ratio
and metabolizable energy intake on visceral organ growth and in vitro oxidative
capacity of gut tissues in sheep[J]. Journal of Animal Science, 2000, 78(3): 760-
770.

[3] BRUNETTE T, BAURHOO B, MUSTAFA A F, et al. Effects of replacing
grass silage with forage pearl millet silage on milk yield, nutrient digestion, and
ruminal fermentation of lactating dairy cows[J]. Journal of Dairy Science, 2016,
99(1): 269-279.

[4] SEYMOUR W M, CAMPBELL D R, JOHNSON Z B. Relationships between
rumen volatile fatty acid concentrations and milk production in dairy cows: a
literature study[J]. Animal Feed Science & Technology, 2005, 119(1/2): 155-
169.

[5] FRIGGENS N C, OLDHAM J D, DEWHURST R J, et al. Proportions of
volatile fatty acids in relation to the chemical composition of feeds based on

chinarxiv.org/items/chinaxiv-201812.00433 Machine Translation


https://chinarxiv.org/items/chinaxiv-201812.00433

ChinaRxiv [$X]

grass silage[J]. Journal of Dairy Science, 1998, 81(5): 1331-1344.

[6] ARGYLE J L, BALDWIN R L. Modeling of rumen water kinetics and effects
of rumen pH Changes[J]. Journal of Dairy Science, 1988, 71(5): 1178-1188.

[7] NOZIERE P, ORTIGUES-MARTY I, LONCKE C, et al. Carbohydrate quan-
titative digestion and absorption in ruminants: from feed starch and fibre to
nutrients available for tissues[J]. Animal, 2010, 4(7): 1057-1174.

[8] MURPHY M R, BALDWIN R L, KOONG L J. Estimation of stoichiometric
parameters for rumen fermentation of roughage concentrate diets[J]. Journal of
Animal Science, 1982, 55(2): 411-421.

[9] DIJKSTRA J, NEAL H D, BEEVER D E, et al. Simulation of nutrient diges-
tion, absorption and outflow in the rumen: model description[J]. The Journal
of Nutrition, 1992, 122(11): 2239-2256.

[10] BANNINK A, KOGUT J, DIJKSTRA J, et al. Estimation of the stoichiom-
etry of volatile fatty acid production in the rumen of lactating cows[J]. Journal
of Theoretical Biology, 2006, 238(1): 36-51.

[11] WANG M, WANG R, XIE T Y, et al. Shifts in rumen fermentation and
microbiota are associated with dissolved ruminal hydrogen concentrations in
lactating dairy cows fed different types of carbohydrates[J]. The Journal of Nu-
trition, 2016, 146(9): 1714-1721.

[12] WANG Jifeng, WANG Jiaqi, LI Shucong, et al. Effects of different diets on
rumen fermentation patterns and lactation performance in dairy cows[J]. Acta
Veterinaria et Zootechnica Sinica, 2005, 36(6): 569-573.

[13] SUN P, WANG J Q, DENG L F. Effects of Bacillus subtilis natto on milk
production, rumen fermentation and ruminal microbiome of dairy cows[J]. Ani-
mal, 2013, 7(2): 216-222.

[14] YANG S L, BU D P, WANG J Q, et al. Soybean oil and linseed oil supple-
mentation affect profiles of ruminal microorganisms in dairy cows[J]. Animal,
2009, 3(11): 1562-1569.

[15] PENG H, WANG J Q, KANG H Y, et al. Effect of feeding Bacillus subtilis
natto fermentation product on milk production and composition, blood metabo-
lites and rumen fermentation in early lactation dairy cows[J]. Journal of Animal
Physiology and Animal Nutrition, 2012, 96(10): 506-512.

[16] GUO T J, WANG J Q, BU D P, et al. Evaluation of the microbial population
in ruminal fluid using real time PCR in steers treated with virginiamycin[J].
Czech Journal of Animal Science, 2010, 55(7): 276-285.

[17] PAN L, BU D P, WANG J Q, et al. Effects of Radix Bupleuri extract sup-
plementation on lactation performance and rumen fermentation in heat-stressed
lactating Holstein cows[J]. Animal Feed Science and Technology, 2014, 187: 1-
8.

chinarxiv.org/items/chinaxiv-201812.00433 Machine Translation


https://chinarxiv.org/items/chinaxiv-201812.00433

ChinaRxiv [$X]

[18] ZHAO M, BU D P, WANG J Q, et al. Milk production and composition re-
sponds to dietary neutral detergent fiber to starch ratio in dairy cows[J]. Animal
Science Journal, 2015, 87(6): 756-766.

[19] WANG B, MAO SY, YANG H J, et al. Effects of alfalfa and cereal straw as
a forage source on nutrient digestibility and lactation performance in lactating
dairy cows[J]. Journal of Dairy Science, 2014, 98(1): 7706-7715.

[20] ZHANG R Y, ZHU W Y, ZHU W, et al. Effect of dietary forage sources
on rumen microbiota, rumen fermentation and biogenic amines in dairy cows|[J].
Journal of the Science of Food and Agriculture, 2014, 94(9): 1886-1895.

[21] ZHANG Qian, XTA Jianmin, LI Shengli, et al. Effects of different propor-
tions of pelleted straw and Leymus chinensis as roughage on rumen fermentation
and performance in dairy cows[J]. Chinese Journal of Animal Nutrition, 2010,
22(2): 474-480.

[22] ZENG Yin, HE Ming, CAO Zhijun, et al. Effects of roughage particle size
in total mixed rations on chewing behavior and rumen fermentation in dairy
cows[J]. Chinese Journal of Animal Nutrition, 2010, 22(6): 1571-1578.

[23] GUO Y Q, ZOU Y, CAO Z J, et al. Evaluation of coarsely ground wheat
as a replacement for ground corn in the diets of lactating dairy cows[J]. Asian-
Australasian Journal of Animal Sciences, 2014, 26(7): 961-970.

[24] SUN T, YU X, LI S L, et al. Responses of dairy cows to supplemental
highly digestible rumen undegradable protein and rumen-protected forms of
methionine[J]. Asian-Australasian Journal of Animal Sciences, 2009, 22(5): 659-
666.

[25] CHEN P, JI P, LI S L. Effects of feeding extruded soybean, ground canola
seed and whole cottonseed on ruminal fermentation, performance and milk fatty
acid profile in early lactation dairy cows[J]. Asian-Australasian Journal of Ani-
mal Sciences, 2008, 21(2): 204-213.

[26] CAO Z J, LI S L, XING J J, et al. Effects of maize grain and lucerne
particle size on ruminal fermentation, digestibility and performance of cows
in midlactation[J]. Journal of Animal Physiology and Animal Nutrition, 2008,
92(2): 157-167.

[27] WANG D S, ZHANG R Y, ZHU W Y, et al. Effects of subacute ruminal
acidosis challenges on fermentation and biogenic amines in the rumen of dairy
cows|J]. Livestock Science, 2013, 155(2/3): 262-272.

[28] ZHANG Liying. Feed Analysis and Feed Quality Detection Technology[M].
3rd ed. Beijing: China Agricultural University Press, 2007.

[29] AOAC. Official methods of analysis[S]. 15th ed. Arlington, V.A.: Associa-
tion of Official Analytical Chemists, 1990.

[30] AOAC. Official methods of analysis[S]. 16th ed. Gaithersburg, M.D.: Asso-
ciation of Official Analytical Chemists, 1997.

chinarxiv.org/items/chinaxiv-201812.00433 Machine Translation


https://chinarxiv.org/items/chinaxiv-201812.00433

ChinaRxiv [$X]

[31] VAN SOEST P J, ROBERTSON J B, LEWIS B A. Methods for dietary
fiber, neutral detergent fiber, and nonstarch polysaccharides in relation to ani-
mal nutrition[J]. Journal of Dairy Science, 1991, 74(10): 3583-3597.

[32] XIONG Benhai. International Tables of Feed Composition and Nutritional
Value for Ruminants[M]. Beijing: China Agricultural Science and Technology
Press, 2013.

[33] XIONG Benhai, JIANG Linshu. CNCPS System Evolution Model and Feed
Composition Tables[M]. Beijing: China Agricultural Science and Technology
Press, 2015.

[34] BENCHAAR C, RIVEST J, POMAR C, et al. Prediction of methane pro-
duction from dairy cows using existing mechanistic models and regression equa-
tions[J]. Journal of Animal Science, 1998, 76(2): 617-627.

[35] ORSKOV E R, MCDONALD I. The estimation of protein degradability
in the rumen from incubation measurements weighted according to rate of pas-
sage[J]. Journal of Agricultural Science, 1979, 92(2): 499-503.

[36] FOX D G, TEDESCHI L O, TYLUTKI T P, et al. The Cornell net car-
bohydrate and protein system model for evaluating herd nutrition and nutrient
excretion[J]. Animal Feed Science and Technology, 2004, 112(1/2/3/4): 29-78.

[37] WANG M, TANG S X, TAN Z L. Modeling in vitro gas production kinetics:
Derivation of Logistic-Exponential (LE) equations and comparison of models|[J].
Animal Feed Science and Technology, 2011, 165(3/4): 137-150.

[38] LIN L I. A concordance correlation coefficient to evaluate reproducibility[J].
Biometrics, 1989, 45(1): 255-268.

[39] XIE Tianyu, WANG Min, WANG Rong, et al. Evaluation of prediction
accuracy of methane emission models for dairy cows[J]. Acta Veterinaria et
Zootechnica Sinica, 2015, 46(9): 1574-1583.

[40] ALEMU A W, DIJKSTRA J, BANNINK A, et al. Rumen stoichiomet-
ric models and their contribution and challenges in predicting enteric methane
production[J]. Animal Feed Science and Technology, 2011, 166-167: 761-778.

[41] BANNINK A, FRANCE J, LOPEZ S, et al. Modeling the implications of
feeding strategy on rumen fermentation and functioning of the rumen wall[J].
Animal Feed Science & Technology, 2008, 143(1/2/3/4): 3-26.

[42] CHAMBERLAIN D G, THOMAS P C, ANDERSON F J. Volatile fatty
acid proportions and lactic acid metabolism in the rumen in sheep and cattle
receiving silage diets[J]. The Journal of Agricultural Science, 1983, 101(1): 47-
58.

[43] LONCKE C, ORTIGUES-MARTY I, VERNET J, et al. Empirical predic-
tion of net portal appearance of volatile fatty acids, glucose, and their secondary

chinarxiv.org/items/chinaxiv-201812.00433 Machine Translation


https://chinarxiv.org/items/chinaxiv-201812.00433

ChinaRxiv [$X]

metabolites (beta-hydroxybutyrate, lactate) from dietary characteristics in ru-
minants: a meta-analysis approach[J]. Journal of Animal Science, 2009, 87(1):
253-268.

[44] MORVAY Y, BANNINK A, FRANCE J, et al. Evaluation of models to
predict stoichiometry of volatile fatty acid profiles in rumen fluid of lactating
Holstein cows|[J]. Journal of Dairy Science, 2011, 94(6): 3063-3080.

[45] HOGAN J P. The absorption of ammonia through the rumen of the sheepl[J].
Australian Journal of Biological Sciences, 1961, 14(3): 448-460.

[46] DANIELLI J F, HITCHCOCK M W. The mechanism of absorption from
the rumen as exemplified by the behaviour of acetic, propionic and butyric
acids[J]. Journal of Experimental Biology, 1945, 22: 75-84.

[47] BANNINK A, DE VISSER H, VAN VUUREN A M. Comparison and evalu-
ation of mechanistic rumen models[J]. British Journal of Nutrition, 1997, 78(4):
563-581.

[48] BALDWIN R L, DONOVAN K C. Modeling ruminant digestion and
metabolism[C]//CLIFFORD A J, MULLER H G. Advances in Experimental
Medicine & Biology. Boston, M.A.: Springer, 1995, 445: 325-345.

[49] WANG Rong, YANG Lingyuan, WANG Min, et al. Prediction accuracy of
ruminal methane production in goats based on volatile fatty acid stoichiometric
models[J]. Chinese Journal of Applied Ecology, 2014, 25(5): 1518-1524.

[50] ELGERSMA A, TAMMINGA S, ELLEN G. Modifying milk composition
through forage[J]. Animal Feed Science and Technology, 2006, 131(3/4): 207-
225.

[61] LIU S W, ZHANG R H, KANG R, et al. Milk fatty acids profiles and
milk production from dairy cows fed different forage quality diets[J]. Animal
Nutrition, 2016, 2(4): 329-333.

[52] MURPHY M R. Modeling production of volatile fatty acids in ru-
minants[C]//Modeling Ruminant Digestion and Metabolism, Proceedings
International Workshop. Davis: University of California, 1984.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-201812.00433 Machine Translation


https://chinarxiv.org/items/chinaxiv-201812.00433

	Accuracy Analysis of Stoichiometric Models for Predicting Rumen Volatile Fatty Acid Composition in Chinese Lactating Dairy Cows (Postprint)
	Abstract
	Full Text
	Accuracy Analysis of Stoichiometric Models for Predicting Ruminal Volatile Fatty Acid Composition in Chinese Lactating Dairy Cows
	Abstract
	1.1 Model Selection
	1.2 Dairy Cow Experimental Data
	1.3 Dietary Information
	1.4 Rumen Effective Degradation of Dietary Components
	1.5 Model Analysis
	2.1 Summary of Dairy Cow Dietary Information
	2.2 Effective Rumen Degradation of Five Major Dietary Components
	2.3 Summary of VFA Component Proportions
	2.4 MSPE Analysis Results
	2.5 Residual Analysis Results
	2.6 CCC Analysis Results
	3 Discussion
	4 Conclusion
	References



