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INTRODUCTION

Corn grain plays a crucial role as a primary energy source in the diets of confined
dairy cows. It is encapsulated by pericarp, primarily composed of hemicellulose,
cellulose, lignin, and proteins (Santiago-Ramos et al., 2018). In its whole form, corn grain
exhibits significant resistance to bacterial and enzymatic degradation (Kang et al., 2021).
Immediately beneath the pericarp is a thin layer known as the aleurone, serving the
function of mineral and enzyme storage (Holmes et al., 2019). The majority of the grain
consists of the endosperm, constituting approximately 83%, which can be either vitreous
(hard) or floury (soft) endosperm, with the proportion varying based on hybrid genetics
(Singh et al., 2014). Finally, the germ section contains the embryo, characterized by high
fat and protein content (Holmes et al., 2019). In the context of dairy cows, the primary
component of the corn grain is the endosperm, rich in starch. The digestion of starch
provides glucose precursors crucial for lactose synthesis in the mammary gland,
facilitating milk production (Allen and Piantoni, 2014).

The mechanical processing methods for corn grain can be categorized into thermal
and non-thermal techniques, both aimed at breaking up the pericarp and enhancing
digestibility (Kang et al., 2021). Processes such as grinding, crimping, and ensiling of
the grain play a pivotal role in influencing the speed and site of nutrient digestion, thereby
inducing changes in the efficiency of the energy derived from starch (Nunes et al., 2020).

In certain agricultural regions, particularly in specific tropical areas, the window for
harvesting of high moisture grain is narrow and often coincides with period on intense
rainfall (Ferraretto et al., 2018). In such cases, the utilization of rehydrated corn grain
(RCG) presents itself as an intriguing alternative (Castro et al., 2019). However, it is
important to note that RCG silage may exhibit lower ruminal and total-tract starch

digestibility compared to naturally high moisture corn grain (HMC) silage. This is



UF

Universidade Federal de Vicosa

attributed to the greater prolamin content in rehydrated silage (Ferraretto et al., 2013).
The ensilage of natural moisture corn grain involves harvesting the grain at an earlier
stage, when it is younger and possesses lower prolamin content. These practices
effectively balance low costs with high nutritional quality throughout the storage process
(Weiss, 2019). In both cases, the fermentation process during silage production breaks
down the prolamins in the grain, complemented by a positive response in milk production
from the animals (Arcari et al., 2016).

The combined utilizations of corn grain processing techniques, such as harvesting
young grains and crimping, is not extensively documented in the literature. While studies
have highlighted their positive effects on grain digestibility, ruminal fermentation, and
fiber digestion (Ferraretto et al., 2018), there is a noticeable gap in research focusing on
the combined impact of these processing methods on the productive performance of dairy
cows. Notably, there is a scarcity of literature evaluating all three forms of corn: dry
ground, rehydrated, and high moisture crimped, utilizing the same vitreous corn hybrid.
We hypothesize that HMC would exhibit greater digestibility compared to dry ground
corn (DGC), and RGC, leading to enhanced productive performance in dairy cows. The
objective of this study was to assess the effects of replacement of DGC with either for
RGC or HMC silage on nutrient intake and digestibility, milk yield and composition,
microbial synthesis, ruminal fermentation profile, and blood parameters of lactating dairy

COWS.
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MATERIALS AND METHODS

Animals, Diets, and Experimental Design

The study was approved by the Ethics Committee of animal use, Brazil (Protocol
60/2020) and was conducted at the Teaching and Research and Extension Dairy Farm
of the Department of Animal Science, Universidade Federal de Vigosa (UFV), Brazil.

Nine Holstein dairy cows, comprising six cannulated and three non-cannulated
individuals, with an initial average BW of 639.1 + 15.07 kg, milk production of 30.4.
+ 1.58, parity of 2.0 + 0.50, and days in milk of 99.7 + 10.70 were blocked based on
milk yield and days in milk. They were then randomly assigned to a treatment
sequence in a replicated 3x3 Latin square design. The cows were housed in individual
free stalls with 12.7 m2 per cow, had free access to water, and were fed experimental
TMR three times a day at 0700, 1500, and 2100 h to 110% of the actual feed intake of
the previous day. Daily records of the weight of feed offered and refused were
maintained for all cows. Milking occurred three times a day at 0630, 1430, and 2030
h, with the cows brought to the sprinkler room 30 min before milking for the cooling
process.

Three treatments were evaluated in the study: 1) control diet with concentrate
based on DGC; 2) replacement of DGC for RGC silage, and 3) replacement of DGC
for HMC silage. The remaining components of the diet were corn silage, Tifton hay,
soybean meal, whole cottonseed, limestone, sodium bicarbonate, magnesium oxide,
salt, mycotoxin adsorbent, and mineral premix (Table 1). Diets were formulated to
meet the specifications of 17.5% CP, 22% starch, and 4.6% ether extract. Additionally,

the diets were designed to achieve a MY of 30 kg/d of MY following the guidelines of
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NASEM (2021). Each experimental period spanned 28 d, with the initial 14 d
dedicated to cow adaptation and the subsequent 14 d allocated for data and sample
collection.

Corn Grain Processing

The study was carried out using the same corn hybrid for all treatments (LG 76799
hybrid; Limagrain, Goias, Brazil), which presented an average vitreousness of 88%
(Dombrink-Kurtzman and Bietz, 1993). The grains were processed using a 350 S2 roller
mill (Murska®, Ylivieska, Finland) powered by a tractor and subsequently ensiled in
500 L capacity polyethylene tanks, capable of storing of approximately 500 kg of RGC
or HMC. The roller mill, equipped with a 15 kW electric motor, had a capacity of 5 t/h
for wet grains, requiring 30-40 HP of energy. To prevent the development of bacteria
and fungi, an inoculant composed of propionic acid (90.5%; Lupro-Grain®, BASF S.A.,
Sdo Paulo, Brazil), was utilized at a dose of 5 L/ton. The average density of the silos
was 1100 kg/ms.

Dry grains of the same hybrid (LG 36799) were utilized for both RGC and DGC
treatments, with the detailed in Table 2. The grains were ground with a Wiley mill (3-
mm screen) with a moisture of 12%. For the RGC treatment, water was added to achieve
a moisture level of 40%. An inoculant composed of propionic acid (90.5%; Lupro-
Grain®, BASF S.A., Séo Paulo, Brazil) was employed to prevent de development of
bacteria and fungi, applied at a dose of 5 L/ton. The silos for RGC had a density of 1100

kg/m3. Both HMC and RGC were stored for 258 d after the initial opening.

Sampling
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On days 15 and 17 of each experimental period, milk samples were collected from
each cow (350 mL) during each milking session using a mechanical milking electronic
flow meter (GEA Westfalia Surge of Brazil, GEA Farm Technologies of Brazil,
Industria e Comeércio de Equipamentos Agricolas e Pecuarios Ltda, Jaguariuna, Sao
Paulo, Brazil). This process was conducted for three consecutive days, and the samples
were then analyzed for fat, protein, and lactose content using an ultrasonic milk analyzer
Lactoscan S LP (Milkotronic LTD, Nova Zagora, Bulgaria). Each milking time was
analyzed separately for all parameters and then were averaged.

Samples of forages, concentrate ingredients, RGC, HMC, and TMR were collected
from d18 to d21 of each experimental period and stored at -20°C until analysis.
Throughout the experiment, three batches of concentrate mixes were prepared for each
treatment, and individual concentrate ingredients were collected each time. Concentrate
samples were obtained at the feed mill and stored at -20°C until analysis. All feed
samples were dried at 55°C in a forced-air oven for 72 h and subsequently ground
through a 1- and 2-mm screen using a Wiley mill (model 3; Arthur H. Thomas Co.,
Philadelphia, PA).

Fecal samples were collected for four consecutive days, from d18 to d20 of each
period, directly from the animal’s rectum. Subsequently, after the samples were placed
in an aluminum tray, dried in a forced ventilation oven (55°C for 72 h) and processed in
a knife mill at 1- and 2-mm screen using a Wiley mill (model 3; Arthur H. Thomas Co.,
Philadelphia, PA). Composite samples were created in proportion to the total dry weight
of each collection day.

Ruminal digesta flow was determined by sampling omasal digesta, where five days
before the actual sampling, 6.0 g/d of Co-EDTA was introduced into the rumen through

the ruminal cannula every 4 h for 5 d, starting 3 d before the sampling. Six collections
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of omasal digesta were performed at 9-h intervals utilizing the adapted technique
developed by Huhtanen et al. (1997), resulting in three collection days per experimental
period. The flow of omasal digesta was estimated using the digestion technique
developed by Faichney (1975) with a double-marker system, this system involved the
use of cobalt as the liquid phase marker and indigestible NDF (NDFi) as the particle
phase marker, with measured at different stages of digestion. Sampling packaging and
composite sampling for each animal followed the methodology described by Rotta et al.
(2014).

To analyze ruminal fermentation, rumen content samples were collected at d21 of
each experimental period, through the rumen cannula. The pH was measured using a
pHmeter (Tecnal Tec-3MP, Piracicaba, Sdo Paulo, Brazil), and a rumen sample was
stored at -20°C for subsequent analysis of VFA.

Blood samples were collected from all cows at d25 through tail vessels
approximately 4 h after feeding on the last day of each experimental period. Coagulation
activator tubes with serum separating gel (BD Vacutainer®, Becton, Dickinson and
Company, Franklin Lakes, NJ) were used. Tubes with clot activator and sodium fluoride
(BD Vacutainer® Fluorinated/EDTA, S&o Paulo, Brazil) were employed to quantify
plasma glucose concentration. Body condition score evaluation at d25 utilized the
method described by Ferguson et al. (1994), with an average of three trained evaluators
obtained on the same day as cows were weighed with a tape (Enevoldsen and Kristensen,
1997).

The total rumen evacuation procedure was conducted at d26 and d28 to estimate
rates of passage and digestion (Allen and Linton, 2007). On d26, 4 h after feeding and
on d28, immediately after delivering feed to the cows to represent maximum and

minimum ruminal content, all rumen contents were removed and filtered through a
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double layer of cheesecloth for separation into solid and liquid fractions. These fractions
were collected in 60 L plastic barrels for each, weighed, and samples (approximately
2.0-3.0 kg). The samples were then placed in a 55°C forced air oven for 72 h, weighed,
and ground to 1 mm for further analysis. Afterward, the remaining content was
immediately remixed and replaced in the rumen. The reconstitution of the complete diet
was calculated by proportioning particle and liquid components of the ruminal content
in DM basis through the sampled content. The average DM content for particle over the
two days of collection was determined, and the same /procedure was followed for the
liquid content. The averages of these contents were then added to obtain the

reconstituted DM content.

Laboratory Analysis

Samples of feed, ruminal digesta, omasal digesta, and feces underwent analysis for
DM (method G-001/2 and method G-003/1), ash (method M-001/2), CP (method N-
001/2, N x 6.25, Kjeldahl method), NDF (method F-002/2), and ether extract (EE;
method G-005/2) following the procedures outlined by Detmann et al. (2021). Starch
analysis was conducted using the acetate buffer method as described in Hall (2009).

VFA and ammonia analyses were performed using HPLC chromatography
(Shimadzu LC-20AT, Kyoto, Japan) following the techniques outlined by Sigfried et al.
(1984) for VFA and Chaney and Marbach (1962) for ammonia. For urea, cholesterol,
and glucose analyses, the equipment BS-380 Mindray (Shenzhen, Guandong, China)
was utilized, while NEFA analysis employed the equipment AU680 — Beckman Coulter
(Brea, California, US). IGF-1 analysis was conducted using the Immulite equipment

(Siemens, Erlangen, Germany) was used.
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Samples of ensiled corns from HMC and RGC were analyzed for the mycotoxins

incidence according to the Enzyme Linked Immuno Sorbent Assay (ELISA).

Statistical Analysis

Data was submitted to analysis of variance using the function Imer of Ime4 package
of R (R Core Team, 2023), according to the followed model:

Yijkim =+ T; + LS; + (T X LS)j + A¢jyk + Py + Eijram

where: Yijum = dependent variable; p = overall mean; Ti = fixed effect of treatment; LS;
= random effect of Latin square; TXLSj; = random effect of interaction between treatment
and Latin square (this effect was not significant for all variables and was removed from
the model); Ak = random effect of animal within Latin square; Py = random effect of
period within Latin square and €ijxim = random error.

Variables measured over time were incorporated as repeated measures in the model,
and the most appropriate covariance matrix was selected based on the lowest Akaike
Information Criterion with a Correction. Tukey’s test was employed to separate means
when necessary, with differences considered significant at P < 0.05 and tendencies noted

when 0.05 <P <0.10.

RESULTS AND DISCUSSION

Intake, Milk Production and Composition

The DMI significantly differed among treatments, with HMC exhibiting greater
intake compared to DGC (P = 0.03) (Table 3). Additionally, CP intake was notably higher
for both HMC and RGC compared to DGC (P < 0.001). Notably, NDF intake was also

significantly higher for HMC in comparison to the other treatments (P = 0.04).
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Typically, finely ground corn and high-moisture corn are known to enhance starch
availability while potentially reducing DMI (Ferraretto et al., 2013). Research on
finishing dairy bulls fed barley employing various conservation techniques demonstrated
higher DMI and CP intakes among bulls consuming crimped barley compared to those
fed dry barley grain (Huuskonen et al., 2020). These findings align with the results of our
study, suggesting a positive influence of the crimping method on intake. Huhtanen
(1984a) noted that high-moisture ensiled barley exhibited greater palatability compared
to dry barley grain, resulting in higher DMI (kg/kg BW®7). This observation aligns with

the DMI pattern observed in our study.

Milk yield showed a tendency to be greater (P = 0.09) for HMC in relation to DGC
(Table 4), possibly due to greater DMI of this treatment. Milk fat content was greater for
RGC and HMC (P = 0.04) when compared to DGC, the findings contrast with those of
numerous other studies, with total solids displaying a tendency to increase. Related to
milk protein and lactose contents no difference or tendency (P > 0.10) were observed.
Observing studies which reported corn processed forms like steam flaked, ensiled high
moisture corn, and rehydrated corn, it is usually observed maintenance in milk production
and decrease in DMI, improving feed efficiency (Ferraretto et al., 2013; Martins et al.,
2019). The observed trend in milk yield suggests a potential for increasing milk
production in systems utilizing HMC. Specifically, HMC showed an increase of 8.4%

compared to the DGC treatment and 5.8% compared to the RGC treatment.

Rumen pH, VFA, and Digestibility
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The ruminal pH (Fig 1) was not different among treatments and has an interaction
between treatment and time (P < 0.001). The values were not critical in a general way,
the pattern of rumen pH along the time was as expected, showing minor values around 4
hours after feeding time, at time 0, 12 and 18. Only once for DGC and RGC the ruminal
values reached value under 5.8 of pH, and twice for HMC this value was reached,
indicating that cows were not in subclinical acidosis, which can be enhanced by the fat
content of the milk. The daily averages of pH were greater to 6.0 for all treatments, and
coherent when compared to other studies with similar processing types and starch levels

that showed values greater than 6 of pH (Oba and Allen, 2003; Castro et al., 2019).

The percentage values of VFA were similar between treatments (Table 5), but these
values are greater for acetate, around 60% of VFAs in literature and approximately 66%
in this study, and smaller for propionate that reach values close to 25% in other studies
and 20% in this study (Castro et al. 2019; Ahmadi et al. 2020). The butyric values were
close to obtained in Castro et al. (2019). These differences can be attributed to diets used.
lin this study, NDF was included in smaller quantity, but the digestibility was smaller.

Additionally, the starch content in this study was lower compared to the reported studies.

Digestibility of DM did not differ among treatments (Table 6), as well as NDF and
starch, despite the long storage time of 258 d for RGC and HMC. However, CP
digestibility was greater (P = 0.02) for HMC when compared to DGC, probably due to
this type of processing corn promoting proteolytic enzymatic degradation of CP (Bach et
al., 2005).

The flow of DM was greater (P = 0.04) for ensiled processed corns, following the

tendency of greater DMI for these treatments, which may have led to this result. Ruminal
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degradability was equal for DM, starch, and NDF among treatments, as well as reported

by other studies (Joy et al., 1997; Ferraretto et al., 2013).

Urea excretion, microbial protein, and microbial efficiency

The RGC and HMC showed greater values of urea excretion (Table 7) that can
explained due to greater DMI of these treatments (Savari et al., 2018). Microbial protein
production and microbial efficiency tended to be greater in RGC and HMC (Table 7).
This like due to these processing form improve the availability of starch for microbials,
and the RGC tended to favor greater intestinal availability of starch (Moharrery et al.,

2014).

Blood Metabolites

The greater value for NEFA (P = 0.03; Table 8) of HMC indicates that treatment
trigger greater reserves mobilization compared to fine ground corn, in this treatment
insulin peak is achieve faster and levels decrease faster, making it possible the return of

increase levels of NEFA (Allen, 2023).

Mycotoxins detection

In both the HMC and RGC treatments (as detailed in Table 9), the incidence of
mycotoxins was remarkably low. Only one sample from RCG and another from HMC
exhibited the presence of Toxin-T2. It's noteworthy that the European Union has set a
limit of 500 ppb for Toxin-T2 in cereals. Moreover, a solitary sample from HMC
contained 34.9 ppb of Zearalenone, still well below the 500 ppb limit for this mycotoxin.
Additionally, three samples from HMC revealed the presence of Ochratoxin A, with an

average of 4.2 ppb, below the 250 ppb limit established for this toxin. It's worth
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mentioning that when consumed alone in naturally occurring doses, Ochratoxin A doesn't
pose significant toxicity to cattle, and its carry-over into milk is minimal.
In summary, both HMC and RGC treatments appear safe for dairy cattle feeding,

given the minimal presence of mycotoxins.

General responses and perspectives

The conducted research has confirmed the usability and applicability of the tested
technology for processing high-moisture corn grains in Brazilian agriculture. Therefore,
this technology has potential to be incorporate as a new method for processing corn in
dairy farms.

The impact of the results obtained in this study could be profoundly significant from
a farmer's perspective. For instance, considering a farm with 50 lactating cows, an average
milk yield of 28.6 L/cow/day, and a milk price of 2.30 R$/L, the observed increase in
milk yield of 8.4% when comparing HMC with DGC would translate to a boost in income
of 100,840 R$/year, by the increase in milk yield from 28.6 to 31 L/cow/day.

Another way to gauge the positive impact of this increase in milk yield is by utilizing
the technical index of Income over Feed Costs (IOFC). This index, based on the gross
margin concept, evaluates the daily output (milk) of a lactating cow and subtracts the
highest variable cost, which is the feed expense. The resulting figure represents gross
income, which can then be allocated towards covering expenses such as dry cow and
heifer feed, dairy directs, overheads, owner withdrawals, and loan payments.

Considering the daily feed intake of DGC and HMC obtained in this study, the feed
cost for a cow producing 28.6 L/day will be around 35.5 R$/day, while for cow producing
31 L/day will be around 38.8 R$/day. Considering the previously mentioned milk price

(2.30 R$/L), for a cow producing 28.6 L/day, the IOFC would be 30.3 R$/day. However,
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for a cow with an average yield of 32.5 L/day, the IOFC would increase to 32.4 R$/day.
This represents a notable 7% increase in the daily gross income per cow, illustrating a
remarkable perspective for dairy farmers.

Another advantageous perspective for the use of HMC silages is the possibility of
vacating the area earlier. This would enable farmers to utilize the land for other crops,
such as a second corn planting, beans, or to sow temperate forages like oat. In the present
study, the harvest for HMC silage occurred 28 days earlier than for the other treatments,
resulting in approximately 21% less land utilization for the same crop. While it is beyond
the scope of this study to evaluate the impact of this earlier harvest on the production
system, as we did not assess the implementation of a second crop in this area, it is evident
that the early harvest will benefit the production system. This is because the planting of a
second crop could occur earlier in the season, potentially coinciding with more
precipitation, which could positively impact its growth. While it is not quantifying, the
earlier harvest could be viewed as a strategy to reduce the likelihood of losses due to bird
attacks on the corn plants, which is a common issue in many regions of Brazil, as well as

potential pest attacks.

ACKNOWLEDGEMENTS

We acknowledge Aimo Kortteen Konepaja ou (Y livieska, Finland) and Basf S.A
for financial support of this research, and Brazilian foundations for help: Coordenagéo de
Aperfeicoamento de Pessoal de Nivel Superior (CAPES, Brasilia, DF, Brazil), Conselho
Nacional de Desenvolvimento Cientifico e Tecnologico (CNPq, Brasilia, DF, Brasilia)
and Fundacdo de Amparo a Pesquisa do Estado de Minas Gerais (FAPEMIG, Belo

Horizonte, MG, Brazil).



UF

Universidade Federal de Vicosa

REFERENCES
Ahmadi, F., G.R. Ghorbani, A. Sadeghi-Sefidmazgi, M. Heydari, H. Rafiee, and K.A.

Beauchemin. 2020. Performance and feeding behavior of dairy cows fed high-
concentrate diets containing steam-flaked or ground corn varying in particle size. J
Dairy Sci 103:3191-3203. doi:10.3168/jds.2019-17344.

Allen, M.S., Linton, JA.V. 2007. In Vivo Methods to Measure Digestibility and
Digestion Kinetics of Feed Fractions in the Rumen. Simpésio Int. Sobre Avangos em
Técnicas Pesqui. em Nutr. Ruminantes 72-89.

Allen, M.S. 2020. Review: Control of feed intake by hepatic oxidation in ruminant
animals: Integration of homeostasis and homeorhesis. Pages S55-S64 in Animal.
Cambridge University Press.

Allen, M.S. 2023. Symposium review: Integrating the control of energy intake and
partitioning  into  ration  formulation. J Dairy Sci  106:2181-2190.
doi:10.3168/jds.2022-22473.

Allen, M. S., Piantoni, P. 2014. Carbohydrate Nutrition. Veterinary Clinics of North
America: Food Animal Practice, 303:577-597. doi:10.1016/j.cvfa.2014.07.004.

Arcari, M.A., CM.M.R. Martins, T. Tomazi, J.L. Gongalves, and M. V. Santos. 2016.
Effect of substituting dry corn with rehydrated ensiled corn on dairy cow milk yield
and nutrient  digestibility. Anim Feed Sci  Technol 221:167-173.
doi:10.1016/j.anifeedsci.2016.08.005.

Bach, A., S. Calsamiglia, and M.D. Stern. 2005. Nitrogen Metabolism in the Rumen*. J

Dairy Sci 88, (E. Suppl.): E9-E21.



UF

Universidade Federal de Vicosa

Castro, L.P., M.N. Pereira, J.D.L. Dias, D. V.D. Lage, E.F. Barbosa, R.P. Melo, K.
Ferreira, J.T.R. Carvalho, F.F. Cardoso, and R.A.N. Pereira. 2019. Lactation
performance of dairy cows fed rehydrated and ensiled corn grain differing in particle
size and proportion in the diet. J Dairy Sci 102:9857-9869. doi:10.3168/jds.2019-
16559.

Chaney A.L., Marbach E.P. 1962. Modified reagents for determination of urea and
ammonia. Clin Chem. Apr;8:130-2. PMID: 1387806

Darabighane, B., I. Tapio, L. Ventto, P. Kairenius, T. Stefanski, H. Leskinen, K.J.
Shingfield, J. Vilkki, and A.R. Bayat. 2021. Effects of starch level and a mixture of
sunflower and fish oils on nutrient intake and digestibility, rumen fermentation, and
ruminal methane emissions in dairy cows. Animals 11. doi:10.3390/ani11051310.

Detmann, E.; Costa e Silva, L. F.;Rocha, G. C.; Palma, M. N. N.; Rodrigues, J. P. P. ;.
2021. Pages 1-350. Métodos para analise de alimentos. 2nd edition.Visconde do Rio
Branco,Suprema.

Dombrink-Kurtzman, M.A., J.A. Bietz. 1993. Zein composition in hard and soft
endosperm of maize. Cereal Chem. 70:105-108.

Enevoldsen, C.; Kristensen, T. 1997. Estimation of body weight from body size
measurements and body condition scores in Dairy cows. J Dairy Sci. 80:1988-1995.

Faichney, G. J. The use of markers to partition digestion within the gastrointestinal tract.
In: Macdonald, 1. W.; Warner, A. A. I. 1975. (Eds.). Digestion and metabolism in the
ruminant. Armidale: University of New England Publishing Unit, p.277-291.

Ferguson, J.D.; Galligan, D.T.; Thomsen, N. 1994. Principal descriptors of body
condition score in Holstein cows. 77:2695-2703. https://doi.org/10.3168/jds.S0022-

0302(94)77212-X.


https://doi.org/10.3168/jds.S0022-0302(94)77212-X
https://doi.org/10.3168/jds.S0022-0302(94)77212-X

UF

Universidade Federal de Vicosa

Ferraretto, L.F., P.M. Crump, and R.D. Shaver. 2013. Effect of cereal grain type and corn

grain harvesting and processing methods on intake, digestion, and milk production by
dairy cows through a meta-analysis. J Dairy Sci 96:533-550. doi:10.3168/jds.2012-
5932.

Ferraretto, L.F., R.D. Shaver, and B.D. Luck. 2018. Silage review: Recent advances and

future technologies for whole-plant and fractionated corn silage harvesting. J Dairy

Sci 101:3937-3951. doi:10.3168/jds.2017-13728.

Hall, M.B., Keuler, N.S. 2009. Determination of Starch, Including
Maltooligosaccharides, in Animal Feeds: Comparison of Methods and a Method
Recommended for AOAC Collaborative Study. J. AOAC Int. 92, 50-60

Holmes, M., J.S. Renk, P. Coaldrake, S. Kalambur, C. Schmitz, N. Anderson, G.
Gusmini, G. Annor, and C.N. Hirsch. 2019. Food-grade maize composition,
evaluation, and genetics for masa-based products. Crop Sci 59:1392-1405.
doi:10.2135/cropsci2018.10.0605.

Huhtanen, P. 1984a. Wood molasses as a preservative for high moisture barley. Journal
of agricultural science in Finland. 56:275-282.

Huhtanen, P., Brotz, P. G., Satter, L. D. 1997. Omasal Sampling Technique for Assessing
Fermentative Digestion in the Forestomach of Dairy Cows. Journal of Animal Science,

75:5, p. 1380-1392. 1997. https://doi.org/10.2527/1997.7551380x

Huuskonen, A., M. Rinne, and K. Manni. 2020. Effects of different barley grain
preservation techniques on intake, growth and carcase traits of finishing dairy bulls
fed grass silage-based rations. Journal of Agricultural Science 158:748-755.
doi:10.1017/S0021859621000022.

Joy, M.T., Depeters, E.J., Fadel, J.G., Zinn, R.A. 1997. Effects of corn processing on the

site and extent of digestion in lactating cows. J Dairy Sci. 80:2087-2097.


https://doi.org/10.2527/1997.7551380x

UF

Universidade Federal de Vicosa

Kang, H., M. Lee, S. Jeon, S.M. Lee, J.H. Lee, and S. Seo. 2021. Effect of flaking on the
digestibility of corn in ruminants. J Anim Sci Technol 63:1018-1033.
doi:10.5187/jast.2021.e91.

Martins, C.M.M.R., D.C.M. Fonseca, B.G. Alves, M.A. Arcari, G.C. Ferreira, K.C.
Welter, C.A.F. Oliveira, F.P. Renno, and M. V. Santos. 2019. Effect of dietary crude
protein degradability and corn processing on lactation performance and milk protein
composition and stability. J Dairy Sci 102:4165-4178. doi:10.3168/jds.2018-15553.

Moharrery, A.; Larsen, M.; Weisbjerg, M.R. 2014. Starch digestion in the rumen, small
intestine and hind gut of dairy cows — A meta-analysis. Anim Feed Sci Technol. 192:
1-14. https://doi.org/10.1016/j.anifeedsci.2014.03.001.

NASEM (National Academies of Sciences, Engineering and Medicine). 2021. Nutrient
Requirements of Dairy Cattle. The National Academies Press, Washington, DC, USA

Nunes, F.C.; Costa, T.F.; Guimardes, M.A.B; Teixeira, P.C.; Dos Santos, L.P.;
Guimarées, K.C. 2020. Uso de milho processado em dietas de ruminantes: revis&o.
Research, Society and Development, v. 9, n. 6, p. €188963674.

Oba, M., and M.S. Allen. 2003. Effects of Corn Grain Conservation Method on Feeding
Behavior and Productivity of Lactating Dairy Cows at Two Dietary Starch
Concentrations. J Dairy Sci 86, 174-183.

Rotta, P.P., Filho, S.C.V., Detmann, E., Costa e Silva, L.F., Paulino, M.F., Marcondes,
M.1., Lobo, A.A.G., Villadiego, F.A.C. 2014. Digesta sampling sites and marker
methods for estimation of ruminal outflow in bulls fed different proportions of corn

silage or sugarcane. J. Anim. Sci. 92, 2996-3006. https://doi.org/10.2527/jas.2013-

7364.


https://doi.org/10.2527/jas.2013-7364
https://doi.org/10.2527/jas.2013-7364

UF

Universidade Federal de Vigosa

R Core Team. 2023. R: A language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria. URL https://www.R-
project.org/.

San Emeterio, F., R.B. Reis, W.E. Campos, and L.D. Satter. 2000. Effect of Coarse or
Fine Grinding on Utilization of Dry or Ensiled Corn by Lactating Dairy Cows 1. J
Dairy Sci 83, 2839-2848.

Santiago-Ramos, D., J. de D. Figueroa-Cardenas, R.M. Mariscal-Moreno, A. Escalante-
Aburto, N. Ponce-Garcia, and J.J. Véles-Medina. 2018. Physical and chemical changes
undergone by pericarp and endosperm during corn nixtamalization-A review. J Cereal
Sci 81:108-117. doi:10.1016/j.jcs.2018.04.003.

Siegfried, V. R., H. Ruckermann, G. Stumpf, Blair D. Siegfried, H. Ruckemann, Robert
Siegfried, Matthew R. Siegfried. 1984. Method for the determination of organic acids
in silage by high performance liquid chromatography.

Singh, N., A. Kaur, and K. Shevkani. 2014. Maize: Grain structure, composition, milling,
and starch characteristics. In: D.P. Chaud-hary, et al., editors, Maize: Nutrition
dynamics and novel wuses. Springer, New Delhi. p. 65-76.
https://doi.org/10.1007/978-81-322-1623-0_5.

Weiss, W.P. 2019. Effects of feeding diets composed of corn silage and a corn milling
product with and without supplemental lysine and methionine to dairy cows. J Dairy

Sci 102:2075-2084. doi:10.3168/jds.2018-15535.



UF

Universidade Federal de Vicosa

TABLES AND FIGURES

Table 1. Ingredient and nutrient composition of diets with different corn processing

methods
DGC! RGC? HMC?

Ingredients (%, DM basis)
Corn silage 51.2 51.2 51.2
DGC 16.0 0.0 0.0
RGC 0.0 16.0 0.0
HMC 0.0 0.0 16.0
Soybean meal 14.0 14.0 14.0
Whole cottonseeds 8.2 8.2 8.2
Tifton Hay 5.7 5.7 5.7
Minerals and vitamins premix* 1.85 1.85 1.85
Sodium bicarbonate 0.90 0.90 0.90
Bicalcium fosfate 0.53 0.53 0.53
Magnesium oxide 0.45 0.45 0.45
Limestone 0.45 0.45 0.45
Urea 0.43 0.43 0.43
MilkSacc+ 0.13 0.13 0.13
Flowers of sulphur 0.09 0.09 0.09
V-Max 2° 0.04 0.04 0.04
Mycosorb A 0.04 0.04 0.04

Diet Composition (% DM)
DM, as fed 45.0 45.0 45.0
CP 17.5 17.8 17.7
RDP 11.2 11.4 11.4
RUP 6.3 6.4 6.3
Starch 22.2 22.2 21.7
NDF 325 318 315
NDFrorage 25.5 25.5 25.5
Ether extract 4.3 4.6 4.4

1DGC=dry ground corn; 2RGC=rehydrated ground corn; 3HMC= high moisture corn, *calcium: 180 (g/kg);
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phosphorus: 40 (g/kg), magnesium: 25 (g/kg); sodium: 75 (g/kg); sulfur: 20 (g/kg); copper: 594 (mg/kg);
zinc: 3.000 (mg/kg); , manganese: 2.475 (mg/kg); selenium: 16.5 (mg/kg); cobalt: 45 (mg/kg); iodine: 34.10
(mg/kg); Vitamin A: 300.000 (UI); Vitamin D3: 90.000 (Ul); Vitamin E: 1.440 (mg/kg); Proviox: 360
(mg/kg); Biotin: 50 (mg/kg); Monensin: 600 (mg/kg). 5 Virginamycin 2%.
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Table 2. Nutrient composition of corn treatments used in the experiment.

Items, % DM basis DGC!? RGC2 HMC3
Dry matter 89.0 58.4 495
Organic matter 98.1 98.7 99.0
Crude protein 8.42 9.20 8.61
Starch 70.5 70.6 68.9
Neutral detergent fiber 8.32 6.81 6.66
Ether extract 3.13 4.96 3.48

IDGC= dry ground corn, RGC=Rehydrated ground corn, 3HMC=high moisture corn
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Table 3. Dry matter (kg/d) and nutrient intake (kg/d in DM basis) in dairy cows fed with

different corn processing methods.

Items (kg/d) DGC! RGC? HMC® SEM P-value
Dry matter 19.1°  19.8® 2112 1.43 0.03
Organic matter 17.3°  17.8% 18.92 1.29 0.04
Crude protein 3.34> 352 373 0.229 <0.01
Neutral detergent fiber 6.21°  6.30° 6.65°  0.482 0.04
Ether extract 0.82° 0.912 0.932 0.074 0.04
Starch 424> 4.40% 4577 0.26 <0.01

1DGC= dry ground corn, 2RGC=Rehydrated ground corn, 3HMC=high moisture corn
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Table 4. Milk yield and milk composition in cows fed with different corn processing

methods.

Items DGC! RGC? HMC? SEM P-value

Yield, kg/d
Milk 28.68 29.3/B 31.0% 2.84 0.09
ECM 26.58 27.9°8 29.6" 2.37 0.05
Fat 1.03° 1.12% 1.19° 0.723 0.03
Protein 0.88 0.90 0.95 0.727 0.14
Lactose 1.32 1.35 1.43 1.081 0.13
Total solids 3.23° 3.37% 3.57° 0.273 0.04

Milk composition, %

Fat 3.59° 3.81° 3.86° 0.232 0.04
Protein 3.06 3.08 3.07 0.044 0.75
Lactose 4.60 4.59 4.61 0.065 0.87
Total solids 11.78 12.278 12.3% 0.28 0.08
Feed efficiency, kg/kg 1.50 1.48 1.47 0.068 0.60
BW, kg 650 655 662 16.3
BCS 3.23 3.23 3.28 0.109

IDGC=dry ground corn; 2RGC= rehydrated ground corn; 3HMC= high moisture corn
®Means in a row with differing superscripts differ at P<0.05 by the Tukey’s test
AB Means in a row with differing superscripts representing statistical tendency at P>0.05<0.10 by the

Tukey’s test
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Table 5. Ruminal ammonia and VFA concentration in ruminal samples of dairy cows

fed different corn processing methods.

Item DGC! RGC? HMC? SEM  P-value
Ammonia, mg/L 75.98 88.5" 88.44 6.33 0.09
Acetic, % 66.9 66.5 66.1 1.22 0.61
Propionic, % 20.8 21.1 20.7 0.74 0.74
Butyric, % 8.51 9.40 9.55 0.73 0.22
Isobutyric, % 1.85 1.36 0.25 1.254 0.15
Valerate, % 0.87 0.96 0.83 0.135 0.61
Isovalerate, % 2.028 24178 2.614 0.306 0.07
Acetic/propionic, % 3.25 3.17 3.22 0.163 0.72

IDGC= dry ground corn; 2RGC= rehydrated ground corn; 3HMC= high moisture corn
®Means in a row with differing superscripts differ at P<0.05 by the Tukey’s test
AB Means in a row with differing superscripts representing statistical tendency at P>0.05<0.10 by the

Tukey’s test
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Table 6. Total tract apparent digestibility, ruminal flow, and ruminal digestibility in dairy

cows fed different corn processing methods.

DGC! RGC? HMC? SEM P-value

Total tract apparent digestibility (%)

Dry matter 59.3 58.1 59.1 1.63 0.48
Crude protein 68.1° 71.72 73.12 1.90 <0.01
Neutral detergent fiber 48.8 49.2 49.5 0.98 0.87
Starch 97.3 97.6 97.7 0.57 0.73

Ruminal flow (kg/d)

Dry matter 8.81>  10.07*®  10.68  0.6590 0.04
Neutral detergent fiber 4.49 4.72 5.03 0.4860 0.45
Starch 0.96 1.13 1.22  0.0998 0.13

Rumen digestibility (% of total)

Dry matter 53.4 51.0 48.6 3.72 0.21
Neutral detergent fiber 48.5 48.4 48.6 2.30 0.18
Starch 81.1 77.9 78.5 2.32 0.35

IDGC= dry ground corn; 2RGC= rehydrated ground corn; 3HMC= high moisture corn
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Table 7. Urea excretion, microbial protein, microbial efficiency of dairy cows fed

Item DGC* RGC? HMC® SEM  P-value
Urea excretion, g/kg of OM 158° 220% 2232 8.06 <0.001
Microbial protein, g/day 29298 3362B 329578 228 0.070
Microbial efficiency, g/day 2878 325" 297 176 0.053

different corn processing methods.

IDGC= dry ground corn; 2RGC= rehydrated ground corn; 3HMC= High moisture corn
®Means in a row with differing superscripts differ at P<0.05 by the Tukey’s test
AB Means in a row with differing superscripts representing statistical tendency at P>0.05<0.10 by the

Tukey’s test
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Table 8. Blood metabolites of dairy cows fed with different corn processing.

Item DGC! RGC? wcc? SEM P-value
Cholesterol, mg/dL 154 178 169 17 0.275
Urea, mg/dL 36.4 41.1 39.6 2.58 0.434
IGF-1, ng/mL 128 130 135 26.0 0.867
NEFA, mmol/L 0.0700°  0.0878*  0.1056* 0.0102 0.030
Glucose, mg/dL 53.9 53.0 55.3 1.6 0.298

IDGC= dry ground corn; 2RGC= rehydrated ground corn; 3WCC= wet crimped corn

®Means in a row with differing superscripts differ at P<0.05 by the Tukey’s test

AB Means in a row with differing superscripts representing statistical tendency at P>0.05<0.10 by the
Tukey’s test
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Table 9 — Incidence of mycotoxins according to the different corn processing methods.

Sample
ftem (ppb) 1 2 3 4 5 6
High moisture corn grain
Aflatoxin ND ND ND ND ND ND
Deoxynivalenol ND ND ND ND ND ND
Fumonisins ND ND ND ND ND ND
Ochratoxin A 3.5 ND 6.1 ND ND 3.2
Toxin-T2 23.8 ND ND ND ND ND
Zearalenone ND 34.9 ND ND ND ND
Rehydrated corn grain
Aflatoxin ND ND ND ND ND ND
Deoxynivalenol ND ND ND ND ND ND
Fumonisins ND ND ND ND ND ND
Ochratoxin A ND ND ND ND ND ND
Toxin-T2 ND ND ND ND 291 ND
Zearalenone ND ND ND ND ND ND

ND = not detected.
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Figures

Figure 1. Ruminal pH along the time of day among treatments with the three-feeding

delivery time. * Time that no differences were observed among treatments.
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