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Abstract
Background: The aim of this study was to investigate the effect of dietary supplementation of fine
ground corn and soybean oil on ruminal fermentation, milk performance and fatty acid profile, plasma
metabolites and oxidative stress parameters in lactating dairy cows.
Methods: Eight primiparous Holstein cows (215±34 d days in milk, 574.6 ± 22.6 kg body weight; mean ±
SD) were allocated into 2 groups (n=4/group), used in a change-over experiment with two 23-d
experimental periods (16 d induction period and 7 d wash-out period). During the induction period, the
cows of one group were fed with control diets (CON, 23.8% starch, 4.6% fat, and 31.4% NDF, DM basis),
and the cows of the second group were fed with CON diets supplementation of 266 g/kg of fine ground
corn and 46 g/kg of soybean oil (HSO, 31.4% starch, 7.8% fat, and 26.4% NDF, DM basis), and all cows
were fed with the CON diets during the subsequent wash-out period.
Results: The results shown that the cows fed the HSO diets had a lower ruminal molar ratio of acetate (P
= 0.02), and a numerically lower ruminal pH (P = 0.13) and acetate : propionate ratio (P = 0.13) than that
in the cows fed the CON diets. Cows fed the HSO dites had a lower (P < 0.05) dry matter intake (DMI),
milk yield, milk fat percentage, the yield of milk fat, protein and solid of non-fat (SNF), and a higher
(P<0.05) percentage of milk protein, lactose and SNF than that in the cows fed with CON diets. Cows fed
the HSO diets had a lower (P < 0.05) concentrations [g/100 g total FA] of C8:0, C10:0, C11:0, C12:0, C14:0,
C15:0, C16:0, C17:0, C18:0, fatty acids (FA) <C16, sum of C16:0 and C16:1, total saturates FA, and
medium chain FA, and a greater (P < 0.05) milk concentrations of C14:1, C16:1, C18:1n9t, C18:2n6t,
C18:2n6c, C18:3n3, FA > C16, total unsaturated FA, total mono-unsaturated FA, total poly-unsaturated FA,
Δ9-desaturase index, than that in the cows fed the CON diet. Compared with the cows fed the CON diet,
the concentrations of plasma non-esterified fatty acids (NEFA), aspartate aminotransferase (AST),
malondialdehyde (MDA) increased (P < 0.01), whereas the concentrations of theβ-hydroxybutyrate
(BHBA), urea nitrogen (BUN), alanine aminotransferase (ALT), albumin (ALB), total antioxidant capacity
(T-AOC), the ratio of ALB to GLB, the activity of superoxide dismutase (SOD) and glutathione peroxidase
(GSH-Px) decreased (P < 0.05) in cows fed the HSO diets.
Conclusions: Our results indicate that HSO diets can impact on the ruminal fermentation pattern, reduce
the DMI, milk fat content, depress the de novo synthesis of lipid in mammary gland, disturb plasma
parameters, enhance the oxidative stress in dairy cows. Meanwhile, we also found the the subacute
rumen acidosis (SARA) and milk fat depression (MFD) can occur at the same time or one after the other,
when dairy cows fed with HSO diets.

Background
The productivity of dairy cows has increased greatly over the last few years. However, the nutrient
management challenge become more serious with milk yield increases in high-producing dairy cows.
Currently, feeding high-concentrate diets become a common practice in many dairy farms throughout the
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world[1]. In order to meet the high energy requirements of high-yielding dairy cows, which are often fed
with energy-dense feeds, such as cereal grain, whole corn silage, cottonseed, extruded full-fat soybean or
high-fat by-products, resulting in the fermentable carbohydrates or polyunsaturated fatty acids (PUFA)
content increased in the diet, as resulted in increase the risk of subacute rumen acidosis (SARA) or milk
fat depression (MFD) [2]. The higher rapidly fermentable carbohydrates in diets can impaire the digesta
stratification and providing fewer stimuli for chewing, reducing salivary buffer supply, resulted in long and
frequent ruminal pH depression [3], which termed as SARA. It is agreed that SARA occurs when the
ruminal pH is lower than 5.5-5.8 for several hours per day [4]. MFD is a disorder characterized by a
reduction in milk fat content and yield, which attributed to reduced mammary capacity for lipid synthesis
caused by the formation of specific biohydrogenation intermediates in the rumen [5]. SARA and MFD are
two prime example of the interaction of diet and rumen microflora resulting in a change in body
metabolism.
MFD can be induced by a large amount of unsaturated FA [6] or high fermentable carbohydrates [7] in the
diets of dairy cows, although many other dietary factors, such as feed particle size [8] and NDF level [9],
may interact to the milk fat synthesis. Moreover, high fermentable carbohydrates diets also can decrease
the rumen pH, DMI, fiber digestibility, plasma plasma antioxidant capacity, and increase the flow of transFA from the rumen to mammary gland, resulting in increase the risk of SARA or MFD in dairy
cows [10, 11]. Variation in diet fermentability and fat content are regular occurrence on commercial dairy
farms, due to the changes in moisture concentration and composition of feed ingredients, mixing errors
of total mixed ration (TMR), sorting of TMR by cows, and other factors [12]. This diet variation can impair
the rumen and body health, and resulted in decrease the milk content, yield and efficiency of dairy cows.
In previous research, high fermentable carbohydrates diet was usually used to induce SARA [13], and high
unsaturated fatty acid diet was used to induce MFD in dairy cows [14]. However, the energy-dense diets
may include higher fermentable carbohydrates and unsaturated fatty acid together. Therefore, the current
study was designed to investigate the dietary supplementation of fine ground corn and soybean oil on
ruminal fermentation, milk performance, plasma metabolites and oxidative stress parameters of lactating
dairy cows. We hypothesized that the fed with the high-fermentable carbohydrates and unsaturated fatty
acid diets can reduce the ruminal pH and milk fat content simultaneously in dairy cows.

Materials And Methods
Experimental design and animal management
Eight healthy, primiparous Holstein cows (215 ± 34 d days in milk, 574.6 ± 22.6 kg body weight; mean ±
SD) were allocated into 2 groups (n=4/group), used in a two-period, two-treatment crossover design, each
period was 23 d in duration, including 16 d induction period (12 days for adaptation and 4 days for
sample collecting) and 7 d wash-out period. During the each induction period, the cows of one group were
fed with control diets (CON: 23.8% starch, 4.6% fat, and 31.4% NDF, DM basis) , and the cows of the
second group were fed with high-starch and high-oil diets (HSO, 31.43% starch, 7.80% fat, and 26.42%
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NDF, DM basis), using CON diets supplementation of 266 g/kg of fine ground corn (passing through 1.5
mm sieve mesh size) and 46 g/kg of soybean oil (DM basis). During the subsequent wash-out period, all
cows were fed with the CON diets. The two diets (Table 1) were formulated to meet or exceed the
NRC [15] guidelines for 600 kg primiparous Holstein dairy cows producing 30kg of milk/d with 4.0% fat.
The diets were fed as a total mixed ration (TMR) (CAU-mixer wagon model JZC-200, Beijing, China), and
the forage component of the diet was a mixture of corn silage, chopped alfalfa hay, and oat hay. The
moisture content of corn silage was determined weekly and used to adjust the ration.
The experiment was conducted from November to December at the dairy farm of the Huamei
(Guangzhou, China). The cows were housed in individual tie-stalls bedded with sawdust and rubber
mattresses, and had free access to drinking water throughout the trial. They were fed twice daily, in equal
amounts, at 0700 and 1700 h. The diets were fed ad libitum to allow for at least 5-10% orts on an as-fed
basis.
Feed sampling and analysis
During d13 - d15 of each induction period, the diets and ort samples of individual cows were harvested
daily to calculate dry matter intake (DMI). The daily diets and orts were pooled by dietary treatment and
cows, and stored at −20 °C until analysis. After the experiment, all the samples were dried in a forced-air
oven (Yiheng, Model DHG-9240A, Shanghai, China) for 72 h at 65°C, and ground in a Wiley mill through 1mm screen (standard model 4; A. H. Thomas, Philadelphia). Samples of diets were composited by period
and analyzed for ash, dry matter (DM), crude protein(CP) and ether extract by wet chemistry procedures
according to AOAC [16], and for NDF and ADF according to Van Soest et al. [17], and for starch according
to Bal et al. [18]. The chemical composition of the TMR was calculated from the chemical composition of
the concentrate mix and the individual forage in the diets. FA in diet were determined by gas
chromatography(7980; Agilent Technologies Inc, Santa Clara, CA) [19]. The diets of HSO had a higher
content of starch and fat, and a lower content of NDF and CP than the CON diets.
Rumen samples collection and fermentation parameters
Ruminal samples were collected for pH, volatile fatty acids (VFA) and NH3-N analysis. Rumen fluid
samples (200-300mL) were collected from the all cows using an oral stomach probe [20] at 3-4h after
morning feeding on the 15d of each induction period. The supernatant was immediately measured for pH
using a hand-held pH electrode (Model pH B-4; Shanghai Chemical, Shanghai, China), put on ice, and
stored at -20°C. These samples were later analyzed for NH3-N using the phenol-hypochlorite
procedure [21] and for VFA [22]. The concentration of NH3-N was determined on a UV-Vis
spectrophotometer (UV-2600, Unocal instruments Co., Ltd., Shanghai, China) by colorimetry; and the
concentrations of VFAs were determined by gas chromatography (SP-3420, Beijing analytical instrument
factory, Beijing, China).
Milk performance and fatty acid profile
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Cows were milked twice per day at 0630 and 1630 h and milk yields were determined by an integrated
milk meter (MM25; DeLaval International, Tumba, Sweden). Milk was sampled at both milkings from 13d
to 15d of the induction period. Milk sample was stored at 4°C and analyzed for fat, protein, lactose, and
SNF by infrared spectroscopy (LactoStar 3560; FUNKE GERBER, Berlin, Germany).
The methylated FA of the milk were analysed on an Agilent 7980 gas chromatograph (Agilent
Technologies Inc, Santa Clara, CA, USA) with an CP Sil 88 (60m×0.25mm×0.20μm; Agilent Technologies
Inc, Santa Clara, CA, USA) column for FA methyl esters. For milk FA analysis, frozen milk samples from
individual cows were thawed in a refrigerator at 4°C; morning and evening samples were pooled together
(50:50 vol/vol) before milk FA analysis. Extraction, methylation and separation of the FA were performed
as described by previous reports in the literature [23]. The FA were reported as g/100 g of FA methyl esters
(FAME).
Blood samples collection and analysis
On d 15 of each period, 10 ml of blood samples of all cows were collected, via tail venipuncture before
morning feeding (0h), into vacutainer tubes (Becton Dickinson, Franklin Lakes, NJ, USA) containing
sodium heparin anticoagulant. Plasma was collected after centrifugation at 3,000g for 10 min, separated
into several aliquots, frozen at -20°C. The contents of nonesterified fatty acid (NEFA), glucose (Glu), total
cholesterol (TC), triglyceride (TG), urea nitrogen (BUN), alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP), total protein (TP) and albumin (ALB) in plasma
using commercial kits (Biosino Bio-Technology & Science Inc., Beijing, China) by Beijing North
Biotechnology Research Institute (Beijing, China) with a Hitachi 17080 Automatic Biochemical Analyzer
(Hitachi Co., Ltd., Japan). The plasma insulin levels were determined using an insulin radioimmunoassay
kit (Beijing North Institute of Biological Technology, Beijing, China) with a multi tube radioimmunoassay
(DFM-96; Hefei Zhongcheng Electromechanical Technology Co., Ltd, Hefei, China) according to the
manufacturer's instructions.β-Hydroxybutyric acid (BHBA) dehydrogenase was used for quantifying the
plasma concentration of BHBA using a Beckman Coulter AU5821 automatic biochemical analyzer
(Beckman Coulter, Brea, CA, USA). Total antioxidant capacity (T-AOC), superoxide dismutase (SOD),
glutathione peroxidase (GSH-Px), catalase (CAT) and malondialdehyde (MDA) in plasma were measured
by colorimetric assay kits (Nanjing Jiancheng Bioengineering Institute, Jiangsu, China) with microplate
reader (DG5033A; Huadong Electronics Group Medical Equipment Co, Ltd).
Statistical analysis
Data on ruminal fermentation parameters, milk performance, milk fatty acid, and plasma metabolites
were analyzed using the PROC MIXED of SAS (version 9.4; SAS Institute Inc., Cary, NC) based on the
following model:
Yijkl = μ +S i + Tj + Nk(Si) + Pl + Eijkl
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where Yijkm = dependent variable,μ= overall mean, S i = random effect of sequence (i = 1 to 2), Tj=effect of
treatment diet (j = 1 to 2), Nk(Si) = random effect of cow nested in sequence (k = 1 to 8), Pl = random effect
of period (l = 1 to 2), Eijkl = residual error. The Kenward-Rogers denominator degrees of freedom method
was used to account for unequal variances. Data points with Studentized residuals outside of ±3.0 were
considered outliers and excluded from analysis. Effects were compared by using the Tukey's range test,
and differences were considered significant at P ＜ 0.05 or as a tendency at P ＜ 0.10.

Results
Rumen pH and fermentation parameters
As shown in table 2, the cows fed the HSO diets had a lower ruminal molar ratio of acetate (P = 0.02)
and concentration of NH3-N (P < 0.01) than that in the cows fed the CON diets. The ruminal pH and the
ratio of acetate to propionate of cows fed the HSO diets was numerically lower (P = 0.13) than that in
the cows fed the CON diets, but the difference did not reach statistical signiticance. The total VFA, the
concentrations of individual VFA, the relative molar proportions of propionate and butyrate were not
affected by diets.
DMI, milk production and composition
In the current study, feeding HSO diets decreased (P < 0.01) fat-corrected milk (FCM), milk fat percentage,
and fat yield compared with the CON diets (Table 3). Moreover, the cows fed the HSO dites had a
lower (P < 0.05) DMI, milk yield, energy-corrected milk (ECM), FCM/DMI, protein yield and solid of non-fat
(SNF) yield, and a higher (P < 0.05) percentage of milk protein, lactose and SNF than that in the cows fed
with the CON diets.
Milk fatty acid profile
Cows fed the HSO diets had a lower (P < 0.05) concentrations of C8:0, C10:0, C11:0, C12:0, C14:0, C15:0,
C16:0,C17:0, C18:0, FA < C16, sum of C16:0 and C16:1,total saturates FA, and medium chain FA,and
a greater (P < 0.05) milk concentrations [g/100 g total FA] of C14:1, C16:1, C18:1n9t, C18:2n6t, C18:2n6c,
C18:3n3, FA > C16, total unsaturated FA, total mono-unsaturated FA, total poly-unsaturated FA, Δ9desaturase index, compared with the cows fed the CON diet (Table 4). There were no significant
differences in milk concentrations of C6:0 and C18:1n9c between two dietary treatments.
Plasma metabolites and oxidative stress parameters
Compared with the cows fed the CON diet, cows fed the HSO diets had a higher concentrations of plasma
NEFA (P < 0.01) and AST (P < 0.01), and a lower concentrations of the BHBA (P = 0.05), BUN (P <
0.01), ALT (P < 0.01), ALB (P = 0.02), and the ratio of ALB to GLB (P = 0.02) (Table 5). ALP concentrations
tended to increase (P = 0.06) when cows were fed with HSO diets. There were no significant differences in
plasma concentrations of glucose, TC, TG, Insulin, TP, and GLB between two dietary treatments.
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Cows fed with the HSO diets had a higher plasma concentrations of MDA (P = 0.02) , and a lower
concentrations of T-AOC (P = 0.01), the activity of SOD (P = 0.01) and GSH-Px (P = 0.03), compared with
the cows fed the CON diet (Table 6). However, the activity of CAT was not affected by dietary treatments.

Discussion
Rumen pH and fermentation parameters
Rumen pH and VFA composition are the basic indexes to evaluate rumen fermentation activity of dairy
cows, it is mainly affected by animal saliva, buffer system, diet composition and degradation rate, which
are closely related to the utilization rate of fermentation substrate by rumen microorganisms[24]. In
current study, the cows fed with the HSO diets resulted in a lower rumianl molar ratio of acetate,
and numerically decreased in the ruminal pH and the ratio of acetate to propionate. A previous study
reported that a large mount of fermentable starch in the diets can increase the VFA production and reduce
pH in the rumen, which could increase the risk of SARA [25]. However, supplement of plant oil in diet of
cows fed with the high-concentrate diets could increase the rumen pH, compared to the cows fed with the
low-concentrate diets [26], which is in consistent with our study, the rumen pH relatively less affected by
cows fed with the diet including high amount fermentable starch and plant oil at the same time. The HSO
diets reduced the molar acetate and the acetate to propionate ratio in rumen VFA, consistent with the
previous studies[26, 27], which can be attributed to the HSO diet can inhibit the ruminal cellulase activity
and fiber degradation [28], and the lower NDF level in HSO diet. Consistent with our results, Zened et
al. [29] also showed that the cows fed with HSO diets had a similar rumen pH pattern and low acetate to
propionate ratio. In this study, cows fed the HSO diets had a lower concentration of NH3-N than that in
the cows fed the CON diets, the main reason for this difference could be the lower proportion of silage
and protein ingredients in HSO diet. In addition, adding starch in diets would be expected to facilitate
better utilization of NH3-N and reduce the deamination of amino acids by rumen microorganisms [30].
DMI, milk production and composition
High fermentable carbohydrate diets containing high amounts of PUFA typically cause MFD in lactating
cows. As designed and expected, diet supplementation with fine ground corn and soybean oil caused
MFD, which was characterized by a significant lower milk fat concentration (from 4.07% to 2.83%)
compared to that of the CON diet, a result similar to that of previous research studies [32, 31]. The HSO
diet include more fermentable carbohydrate and PUFA, resulting in alter bacterial metabolism in the
rumen, leading to the formation of CLA isomers that downregulate milk fat synthesis in the mammary
gland[5].
As mentioned before, diet-induced MFD is characterized by a reduction of milk fat and no other milk
components are affected [33]. However, in this study, we found that the yield of milk, FCM, ECM, and
SNF were decreased, whereas the percentage of milk protein, lactose and SNF were increased when cows
fed the HSO diets. The lower milk yield, FCM and ECM can be explained by the reduced DMI when cows
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fed the HSO diets. The reduction in DMI was consistent with the increased fermentable carbohydrate and
PUFA content in diets[34], consistent with some [35, 7], but not all studies [36, 32]. Harvatine and
Allen [37] reported that the reduced the DMI due to the PUFA intake of cows, and a greater DMI depression
would be expected to make up for the large reduction in energy required for milk fat synthesis. Harvatine
et al. [5] indicated that cows under MFD may experience an energy-saving effect, which can redistribute
energy toward body reserve storage, as a result of reduced milk energy output. In this study,
the percentage of milk protein was higher in cows fed with the HSO diet, which similar to the results of
Ventto et al.[14], who indicated that the milk protein percentage increased when cows were fed high
starch diet. Synchronising the ruminal fermentability of starch and protein sources can increases the
outflow of bacterial protein from the rumen [38], which indicated that an proper amount of fermentable
starch in diet may improve the efficiency of N utilisation. Normally, the milk lactose percentage is low
variability than the fat and protein percentage. In this study, we found that the HSO treatment had a
higher milk lactose percentage than the CON treatment, mainly becasuse the cows fed with high
concentrate or high-energy diet can improve the milk lactose synthesis [39].
Milk fatty acid profile
The measurement of milk FA profiles can evaluate the dietary effects on rumen biohydrogenation of FA
and provide a qualitative description of the rumen microbial population [40]. In this study, HSO diet had a
great effect on the milk FA composition. Inclusion of unsaturated fat in diets can inhibit the de novo
synthesis of short- and medium-chain FA and increases the concentration of C18 FA, resulting in a more
unsaturated milk fat in dairy cows and goat [41].We also found that the short- and medium-chain FA were
reduced, where as unsaturated FA were increased by cows fed the HSO diet. Due to the fact that all
the FA<C16 in milk is produced via de novo synthesis [42], the lower of C8:0, C10:0, C11:0, C12:0, C14:0,
C15:0 means that the HSO diet can depress the de novo synthesis of lipid in mammary gland.
An decrease concentrations of milk C11:0 and C15:0 FA in dairy cows fed with the HSO diets could be
attributed to the synthesis of odd-chain FA de novo from ruminal propionate by the mammary gland [43].
Odd- and branched-chain FA mainly originate from microbial fermentation products in the rumen, and
feeding plant oil to dairy cows induces changes in the rumen microbial population that can result in a
lower outflow of these FA [44]. Becaues of all the milk C14:0 FA is produced via de novo synthesis in the
mammary gland, desaturation is the only origin of C14:1, therefore the Δ9-desaturase index is the best
indicator of Δ9-desaturase activity. In this study, the higher Δ9-desaturase index indicate that the HSO
diet had a positive effect on Δ9-desaturase activity. As a result, the mono-unsaturated FA (C14:1, C16:1)
increased in HSO treatment, which is similar to the reported of Enjalbert et al. [45] who fed the cows with
high starch diets.
The increased of milk C18:1n9t, C18:2n6t, C18:2n6c, C18:3n3 and total unsaturated FA of cows fed the
HSO diets is closely linked to incomplete biohydrogenation of PUFA in the rumen [46]. As report prvious,
supplementation with higher PUFA diets to dairy cows resulted in a lower rumen concentrations of
saturated FA and a higher concentrations of MUFA and PUFA [47], resulting in a higher percentage of UFA
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to SFA in milk fat [48, 49]. The increased in UFA, such as eicosapntemacnioc acid (EPA), docosa
hexaenoic acid (DHA) and 18:3n-3FA, might be positive to beneficially affect human health[50].
Plasma metabolites and oxidative stress parameters
The contents of NEFA and BHBA in plasma were usually used as a marker of energy balance in dairy
cows [51]. In this study, the cows fed with the HSO diets had a higher concentration of NEFA, and a lower
concentration of BHBA than fed with the CON diets, whereas the concentration of glucose, TC, TG, insulin
did not affected by dietary treatment. The results of this study has been reveal that HOS diet had a
significant effect on diurnal fluctuations in plasma metabolites, and can inhibit the de novo synthesis or
uptake of FA, or reduce the intracellular re-esterification of FA released by lipolysis [52]. The plasma BHBA
was original from absorbed butyrate or from the NEFA oxidation in hepatic tissue [53]. The lower
concentration of plasma BHBA was probably due to the variation of its sources and the higher energy
density of the HSO diets. Similar to our results, Roche et al. [54] also found that the increase of dietary
non fibrous carbohydrate (NFC) level would increase the plasma concentration of NEFA and glucose, and
decrease concentration of BHBA. There are also different results, dietary supplementation with 1.5%
soybean oil or 3.0% soybean oil significantly increased the serum glucose and insulin concentrations, and
decreased NEFA and BHBA concentration [55]. BUN is the major end product of N metabolism in dairy
cows, and high concentrations of BUN means an inefficient utilization of dietary N [56]. In this study, we
found that the cows fed with the HSO diets had a lower concentrations of the BUN, which indicates that a
lower amount of NH3 was released in the rumen after feeding, and lower than the capacity of microbes to
utilize it, which may be related to the lower DMI and dietary CP level of HSO treatment. Previous
researchers have demonstrated that the urea nitrogen in milk or blood is more closely related to the
changes in dietary CP level than the ratio of dietary CP to energy intake, efficiency of N utilization, or
rumen ammonia concentration [57].
Plasma AST and ALT are important transaminases in animals, and are considered as important
indicators of liver injury [58]. The hepatic cells consist of higher concentrations of AST and ALT in
cytoplasm, when the liver has acute or chronic disease, the permeability of hepatocyte membrane
increasesd, and the AST and ALT in cytoplasm are released into the bloodstream, resulting in the increase
of the activity of AST and ALT in the blood [59].The results of this study has been showed that the cows
fed with the HSO diets had a higher activity of AST and a lower activity of ALT, and the AST / ALT > 1,
which indicated that the HSO diets has potential damage to the liver of dairy cows. ALB and GLB were
always used as indicators of the liver capacity for protein synthesis. The concentration of ALB and the
ratio of ALB to GLB significantly decreased in cows fed the HSO diets in this study, which indicated that
there might be a reduction in the capacity of the liver for protein synthesis.
Oxidative stress is a promoting factor to depress the immune function and to increase the susceptibility
of disease in dairy cows [60]. Lipid peroxidation (MDA) in blood can used for the evaluation of oxidative
stress severity [61]. T-AOC in blood is a comprehensive indicator that aims to describe the dynamic
equilibrium between prooxidants and antioxidants. In the present study, cows fed the HSO diets had
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increased concentrations of plasma MDA, and decreased concentrations of T-AOC. It is suggested that
cows fed HSO diets were more susceptible to oxidative stress than the CON diets, which in corroboration
with the previous reports [63, 11], and they demonstrated that cows fed with high grain diets had a
higher concentrations of MDA and lower concentrations of T-AOC than that in the control diets. Moreover,
high fat diet can induce lipoperoxidation [64] and to increase cytochrome P450 activity [65], which is
involved in fatty acid oxidation. Hence, it resulted to stimulate the production of endogenous reactive
oxygen species. Diets rich in readily available carbohydrates [66] and unsaturated fatty acid [67] can
adversely affect rumen metabolism, which is related to an increase in the production of harmful and toxic
substances or reduce the growth of cellulolytic bacteria in the rumen, and potentially causes immune
suppression and metabolic changes in dairy cows.
SOD and GSH-PX are important antioxidant enzymes in blood, which can remove excess free radicals,
reduce the production of reactive oxygen species (ROS), prevent oxidative stress, and repair oxidative
damage caused by oxidative stress [68]. In this study, cows fed the HSO diets had a lower activity of SOD
and GSH-Px than fed the CON diet, which indicated that the HSO diets can reduce the antioxidant
capacity and increase the oxidative stress of dairy cows. This finding is in accordance with a previous
report from Pi et al. [69], who suggested that diet supplementation with rubber seed oil and flaxseed oil
had a lower activity of CSH-Px in serum than that in cotrol group, whereas the SOD activity not affected
dy dietary treatment.

Conclusions
In conclusion, dietary supplementation of fine ground corn and soybean oil resulted in a lower ruminal
molar ratio of acetate, DMI, milk fat content, milk short- and medium-chain FA, disturb plasma
parameters, and reduced the plasma antioxidant capacity in dairy cows. Moreover, we also found that the
SARA and MFD can occur at the same time or one after the other, when dairy cows fed with HSO diets.
Our results suggested that a high dietary fermentable carbohydrates and unsaturated fatty acid has a
negative impact on milk fat synthesis and antioxidant capacity in dairy cows, which helps us how to
adjust the feeding strategy to use energy-rich diets more effectively.
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Tables
Table 1. Ingredient and chemical composition of experimental diets
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Item

Treatment
CON

HSO

Corn silage

10.7

8.1

Oat hay

7.0

5.4

Alfalfa hay

16.7

12.7

High moisture corn

4.7

3.6

Steam-flaked corn

9.3

7.1

Fine ground corn

9.9

27.8

Soybean oil

-

3.5

DDGS 1

2.8

2.1

Soybean meal

5.0

3.8

Canola meal

5.4

4.1

Beet pulp

6.5

5.0

Brewers` grain

6.9

5.2

Pineapple peel

2.4

1.8

Whole cottonseed

6.9

5.3

Canemolasses

2.5

1.9

RumiFat2

0.8

0.6

Mineral-vitamin premix3

0.46

0.35

Calcium hydrogen phosphate

0.36

0.27

Calcium carbonate

0.72

0.55

Sodium bicarbonate

0.72

0.55

Magnesium oxide

0.13

0.10

Salt

0.36

0.27

Ash

7.1

5.7

CP

16.1

14.1

NDF

31.4

26.4

Ingredients, % of DM

Chemical composition, % of DM
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ADF

19.5

15.8

Ether extract

4.6

7.8

Starch

23.8

31.4

Forage to concentrate ratio.

50 : 50

62 : 38

C16:0

32.75

28.71

C18:0

3.40

3.20

C18:1n9c

16.53

18.23

C18:2n6c

43.50

46.69

C18:3n3

3.81

3.13

FA, g/100g Total FA

Note:1Dried distilled grains with soluble. 2RumiFat: Prilled hydrogenated palm FA distillate (Ecolex Sdn.
Bhd, Malaysia). 3Premix/kg (DM basis) contains: 1,100,000IU Vitamin A; 360,000IU Vitamin D 3; 10,000mg
Vitamin E ; 2,525mg Cu; 4,150mg Fe; 10,025mg Zn; 4,200mg Mg; 60mg Co; 100mg Se; 200mg I; 16.2%
Mg; 200mg Biotin; 300mg β-carotene; 3,000mg Monensin.

Table 2. Effect of dietary treatment on rumen pH and fermentation parameters in dairy cows
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Item

Treatment1

SEM2

P-value

CON

HSO

Mean pH

6.29

6.14

0.26

0.13

NH3-N, mg/100mL

8.69

2.96

1.06

<0.01

Acetate

47.55

41.37

14.66

0.21

Propionate

16.47

17.15

9.85

0.84

Isobutyrate

0.36

0.32

0.04

0.47

Butyrate

9.33

10.13

0.88

0.47

Isovalerate

0.75

0.88

0.15

0.56

Valerate

1.04

1.02

0.11

0.89

Total VFA

74.31

68.88

26.21

0.54

Acetate: Propionate

2.83

2.39

0.19

0.13

Acetate

62.85

58.52

4.98

0.02

Propionate

22.73

25.46

7.45

0.23

Butyrate

12.07

13.34

0.90

0.34

VFA concentration, mmol/L

mmol/100mmol total VFAs, %

Note: 1 CON=the cows fed the control diets; HSO= the cows fed the high-starch and high-oil diets;
2

Standard error of the mean.

Table 3. Effect of dietary treatment on DMI, milk yield and composition in dairy cows
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Item

Treatment1

SEM2

P-value

CON

HSO

DMI, kg/d

20.54

19.12

0.70

0.01

Milk, kg/d

29.36

25.89

2.62

<0.01

FCM(3.5% fat)3, kg/d

32.41

24.26

2.65

<0.01

ECM4, kg/d

29.82

23.2

2.39

<0.01

Milk fat,%

4.07

2.87

0.10

<0.01

Milk protein,%

3.44

3.67

0.08

<0.01

Milk Lactose,%

4.98

5.33

0.12

<0.01

SNF5,%

9.26

9.82

0.47

<0.01

Milk fat, kg/d

1.23

0.82

0.10

<0.01

Milk protein, kg/d

1.0

0.93

0.10

0.04

Milk Lactose, kg/d

1.44

1.35

0.12

0.05

SNF, kg/d

2.69

2.49

0.22

0.03

FCM/DMI

1.62

1.30

0.14

<0.01

Note:1 CON=the cows fed the control diets; HSO= the cows fed the high-starch and high-oil diets;
2

Standard error of the mean; 3 3.5%-fat-corrected milk (kg)=(0.4318 ×Milk yield)+(16.23 ×Milk fat yield); 4

Energy-corrected milk = (0.327 ×Milk yield (kg/d)) + (12.95 ×Milk fat yield (kg/d)) + (7.2× Milk protein
yield (kg/d)); 5 solid of non-fat.

Table 4. Effect of dietary treatments on milk fatty acid (FA) profiles [g/100 g total FA] in dairy cows
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Item

Treatment1

SEM2

P-value

CON

HSO

C6:0

4.60

5.65

0.53

0.12

C8:0

1.05

0.49

0.11

<0.01

C10:0

2.82

1.38

0.23

<0.01

C11:0

0.28

0.00

0.03

<0.01

C12:0

3.16

1.68

0.16

<0.01

C14:0

10.80

8.26

0.37

<0.01

C14:1

0.84

1.11

0.13

0.03

C15:0

1.04

0.74

0.05

<0.01

C16:0

33.53

28.09

0.84

<0.01

C16:1

1.69

2.36

0.24

0.04

C17:0

0.47

0.30

0.03

<0.01

C18:0

10.14

8.21

0.52

0.02

C18:1n9t

2.03

12.93

0.39

<0.01

C18:1n9c

21.07

21.82

0.75

0.47

C18:2n6t

0.23

0.49

0.52

<0.01

C18:2n6c

3.01

3.26

0.11

0.02

C18:3n3

0.44

0.80

0.07

0.01

Unidentified

2.80

2.43

0.20

0.15

FA<C163

24.56

18.73

1.32

0.01

C16:0 +C16:14

35.22

30.45

1.00

<0.01

FA>C165

37.38

48.29

0.88

<0.01

Total saturates FA

67.86

54.22

0.93

<0.01

Total unsaturated FA

29.30

43.25

1.06

<0.01

Total mono-unsaturated FA

25.62

38.40

1.08

<0.01

Total poly-unsaturated FA

3.68

4.85

0.21

<0.01

Medium chain FA

12.99

8.61

0.90

0.01

84.08

88.86

0.95

0.01

Long chain FA
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g
0.07

Δ9-desaturase index6

0.12

0.02

<0.01

Note:1CON=the cows fed the control diets; HSO= the cows fed the high-starch and high-oil diets;
2 Standard

error of the mean; 3 Originated from de novo synthesis, 4 Result of both de novo and

preformed sources; 5 Preformed FA taken up by the mammary gland; 6 Calculated as C14:1/(C14:0 +
C14:1).

Table 5. Effect of dietary treatments on plasma metabolites profiles in dairy cows
Item

Treatment1

SEM2

P-value

CON

HSO

BHBA3, mmol/L

0.60

0.48

0.03

0.05

NEFA4, mmol/L

0.06

0.13

0.01

<0.01

Glucose, mmol/L

3.92

4.04

0.10

0.34

TC5, mmol/L

7.16

6.71

0.36

0.17

TG6, mmol/L

0.04

0.05

0.02

0.58

Insulin, uIU/mL

25.77

27.32

3.03

0.71

BUN7, mmol/L

4.67

3.00

0.21

<0.01

ALT8，U/L

29.36

23.49

1.12

<0.01

AST9，U/L

80.16

105.59

7.54

<0.01

ALP10，U/L

67.44

77.85

3.62

0.06

TP11，g/L

73.98

73.51

1.19

0.73

ALB12，g/L

37.14

35.26

0.43

0.02

GLB13，g/L

37.26

38.25

1.02

0.36

ALB/GLB

0.99

0.95

0.02

0.02

Note:1CON=the cows fed the control diets; HSO= the cows fed the high-starch and high-oil diets;
2

Standard error of the mean; 3β-Hydroxybutyric acid; 4 nonesterified fatty acid; 5 total cholesterol;

6

triglyceride;
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7

urea nitrogen; 8 alanine aminotransferase; 9 aspartate aminotransferase; 10 alkaline phosphatase; 11

total protein;
12 albumin; 13

globulin.

Table 6. Effect of dietary treatments on plasma oxidative stress biomarkers in dairy cows
Item

Treatment 1
CON

SEM 2

P-value

HSO

T-AOC 3, U/mL

0.45

0.42

0.01

0.01

SOD 4,U/mL

92.41

86.08

1.33

0.01

GSH-Px 5,U/mL

71.16

46.36

6.89

0.03

CAT 6, U/mL

0.60

0.61

0.06

0.84

MDA7，nmol/mL

2.48

3.26

0.28

0.02

Note:1CON=the cows fed the control diets; HSO= the cows fed the high-starch and high-oil diets;
2

Standard error of the mean; 3Total antioxidant capacity; 4 superoxide dismutase; 5 glutathione

peroxidase;
6

catalase; 7malondialdehyde.
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