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Teff (Eragrostis tef) is a drought-tolerant, multi-harvest, high-quality summer forage
crop. We conducted a study aiming at assessing the effect of replacing wheat hay
with teff hay in diets on the feed intake, digestibility, and lactational performance of
dairy cows. Thirty-four multiparous (>3rd parity) Israeli Holstein Friesian dairy cows
averaging (+ SD) 182 days in milk + 8 days in milk, 45 kg/d + 4.8 kg/d of milk yield, and
a body weight of 647.1 kg + 51 kg at the beginning of the study were recruited to a 6-
week feeding trial. Cows were randomly divided into two balanced groups based on
parity, days in milk, and milk yield. Cows were subjected to two low-roughage dietary
treatments (~30% roughage): a control wheat hay-based diet and a teff hay-based
diet. Production performances, dry matter intake, and nutrient digestibility were
measured. Milk samples were analyzed for their composition and fatty acids profile.
Blood samples were used to measure metabolite concentrations. The statistical
model included fixed effects of dietary treatments, time, and random effects of cows
nested in treatment. Production data and feed intake were analyzed as repeated
measures using a covariance structure. Dietary treatments did not affect dry matter
intake (26 kg/d). However, the teff-fed cows demonstrated higher crude protein
digestibility than control cows (61.9% vs. 59.2%). Dietary teff inclusion increased milk
yield by 1.5 kg/d. Polyunsaturated fatty acids and omega-3 fatty acids profiles in milk
were greater in the teff cows than in the control cows (4.77 g/100 g vs. 4.36 g/100 g
and 3.71 g/100 g vs. 3.43 g/100 g, respectively). Non-esterified fatty acids, beta-
hydroxybutyrate, and blood urea nitrogen concentrations in circulation were higher
in the control group than in the teff group. The acetic-to-propionic-acid ratio in the
rumen fluid was higher in control cows than in teff cows (2.90 vs. 2.43). However, the
ruminal ammonia-N concentration was higher in the teff cows than in the control
cows (18.5 mg/dL vs. 15.8 mg/dL). In conclusion, teff hay inclusion in the rations of
high-producing dairy cows increased milk yield, which could be attributed to
improved crude protein digestibility and energy partition to production.
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Introduction

Global milk production increased to 887 million tons per
annum in 2021, with 81.0% of the total milk produced coming
from cows, and this figure is projected to reach 1,060 million tons
per annum by 2031 (OECD-FAO, 2022). The increase in milk
production is mainly due to a continuous increase in the number of
herds, rain-fed fodder availability, and the intensification of modern
production systems. However, dairy production is dependent on
traditional forages that are often scarce, expensive, and seasonal,
which highlights the importance of improving forage production
and feeding efficiencies to meet the milk demand.

In dairy production, the cost of feeding constitutes 60.0% of the
total production costs (Lawrence et al., 2008). To address this issue
and offset the higher prices of feeds in the dairy industry and their
limited availability, there is a need to identify cost-effective and
well-adapted forages. Teft (Eragrostis tef), a C4 warm-season annual
crop from the Chloridoideae subfamily of grasses, is one such
alternative, with over 4,000 varieties identified (Miller, 2011;
Assefa et al., 2013). Moreover, it is tolerant to a wider range of
biotic and abiotic stresses and rarely requires irrigation during the
growing period (Davison and Creech, 2011; Roseberg et al., 2018).
Teff is a multipurpose crop used for both human and livestock
consumption (NRC, 1996; Miller, 2011; Habte et al., 2019).

The crop has been used mainly by humans in the horn of Africa
for over 6,000 years to make the traditional Ethiopian bread “Injera”
and other meals (Roseberg et al., 2018; Chanyalew et al., 2019; Girija
et al,, 2022). Teft grain is gluten-free and contains higher levels of
minerals such as calcium, iron, and magnesium than wheat, barley,
and sorghum grains (Mengesha, 1966). Teff can also be used to feed
livestock as it is a multi-harvest forage that performs better during
summer. It can produce high-quality hay in a short growing period,
unlike most common forages such as Timothy grass (Miller, 2011;
Roseberg et al., 2018; Habte et al,, 2019). Teft straw, after grain
harvest, is also used to feed farm animals. Teff can be ensiled and
preserved as a high-quality forage.

Teff silage has been proven to have high-quality in vitro DM
digestibility (IVDMD) (57.0% to 66.1%) (Wagali et al., 2023) and teff
straw is also considered to have high digestibility values compared
with barley and wheat straw (Assefa et al., 2013). Several studies have
investigated the nutritional value of teff hay and silages. For example,
CP concentration was shown to range from 7.5%-18.7%, whereas
NDF concentration ranged from 58.6%-70.8% in teft hay (Vinyard
etal, 2018; Ream et al., 2020; Wagali et al., 2023). The IVDMD of teff
silage and in vivo DMD of teff hay ranged from 58.0% to 67.0%
(Ream et al.,, 2020; Wagali et al., 2023). The in vitro NDF digestibility
of teff silage was up to 55.0% (Wagali et al., 2023), and the in vivo
NDF digestibility of teff hay in beef cattle was up to 69.0% (Ream
et al,, 2020). However, the nutritional composition of teff, similar to
that of other forages, may vary greatly depending on its variety,
growth conditions, and maturity stage at harvest, as elaborated by
Buxton (1996) and Wagali et al. (2023).

Although previous studies have investigated the effect of teff
forage digestibility in horses, beef cattle, and sheep (Hagos and
Melaku, 2009; Staniar et al., 2010; Vinyard et al., 2018), the effect of
feeding teff-based rations to high-producing dairy cows has scarcely
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been studied. Our goal is to establish teft as a multi-harvest summer
fodder crop in Israeli dairy cows’ rations. We hypothesized that a
teff-based diet fed to high-producing dairy cows might be an
alternative feeding strategy that could replace the wheat hay-
based diet that is common in Israel. Therefore, the objective of
this study was to evaluate the effect of a teff-based diet compared
with a wheat-based diet on the feed intake, digestibility, and
lactational performance of high-yielding dairy cows.

Materials and methods

Experimental animals, study design,
and treatments

The experiment was conducted for 42 consecutive days, and all
procedures followed the ethical guidelines of the Volcani Center
Animal Committee (approval number B17051), and all procedures
involving the use of animals for in situ experiments were approved
by the Institutional Animal Care and Use Committee (IACUC) of
the Hebrew University of Jerusalem (ethical approval number AG-
14102). The study recruited 34 multiparous high-yielding Israeli
Holstein dairy cows for a feeding experiment, and they were housed
in covered loose pens at the Volcani Center experimental farm in
Rishon LeZion, Israel. The pens were equipped with real-time
electronic individual feeders that could record the individual feed
intake of cows via sensors that opened specific feeders for each cow
(ID tag, S.A.E Kibbutz Afikim, Israel).

Cows were randomly divided into two balanced groups, each
containing 17 cows, on the basis of their DIM, BW, parity, and milk
yield (MY). After a covariate period of 14 days, to allow the cows to
adapt to the feeders and diets, we began to take measurements. The
cows were fed basal diets formulated to meet the net energy of
lactation (NE;) and metabolizable protein (MP) requirements
(NRC, 2001) based on real production data collected.

The control group, with an average (+ SD) 50.0 kg/d + 6.0 kg/d
MY, 178.0 + 88.5 DIM, 3.0 + 1.1 parity, and 647.4 kg + 47.0 kg BW,
was fed a wheat-based TMR. The teff group, with 49.9 kg/d + 3.5 kg/d
MY, 185.3 + 73.0 DIM, 3.1 + 1.3 parity, and 646.8 kg + 55.0 kg BW,
was fed a TMR containing 11.9% teff hay as a replacement for wheat
hay. Both diets were prepared and delivered by Yavne feed center,
Kibbutz Yavne, Israel (Table 1). Rations were designed to have
similar nutrient concentrations and NE;.

Feed intake and chemical analysis

The cows were fed daily at 11:00 by a feeder wagon (RMH
Mixell 14, Lachish Industries Ltd, Israel) at 105% of the expected
intake, which was then adjusted based on each cow’s intake data
recorded on the previous day. The actual feeding trial was
conducted for 28 consecutive days, after a 14-day adaptation
period to feeders and diets, during which samples were collected.
Feed samples for evaluation of digestibility, intake, and chemical
composition were collected twice per week. Ort samples were
collected from each feeder at 07:00, before the feeders were
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cleaned and fresh feed was added for 3 consecutive days per week
and sorted by cow and week for digestibility and intake analysis.
Particle size fractions of the two diets (teff and control) and ort
samples were determined once every week using the Penn State
Particle Size Separator (PSPS) as summarized in Table 2. The PSPS
is designed to separate particles by repeated 40 shaking motions
through screens of 19.0 mm, 8.0 mm, and 4.0 mm and the bottom
pan (Kononoff et al., 2003). Before analysis, feed and ort samples
were dried at 60°C for 48 hours and ground using a hammer mill
with a 4.0-mm screen, and later to finer particles in a knife mill
(Thomas-Willey Laboratory Mill, model 4, Arthur H. Thomas
Company, Philadelphia, PA, USA) to pass through a 2-mm
screen. Samples of the two diets and ort samples were then
analyzed for CP, DM, EE, and OM content in accordance with
AOAC (1990) methods. Fiber analyses, i.e., 0-amylase heat-stable-
treated aNDF, ADF, hemicellulose, cellulose, and ADL were
conducted in accordance with the method described by Van Soest
et al. (1991), utilizing an Ankom**® Fiber Analyzer, model 2001
(ANKOM Technology Corp., Macedon, NY, USA).

The gross energy contents of the two diets, ort, and fecal
samples were determined using a 6100 Compensated Calorimeter
(Parr Instrument Company, Moline, IL, USA). Dry matter intake,
CP intake (CPI), NDF intake (NDFI), OM intake (OMI), and ADF
intake (ADFI) were computed from pooled weekly samples. The
intake of each nutrient was computed as the difference between the
content of a specific nutrient found in the feed offered and that
found in the orts. The nutrient composition of the two diets was
calculated from the chemical composition as presented in Table 3.
The balances of rumen-degradable protein (RDP), rumen-
undegradable protein (RUP), NE;, and MP were estimated based
on the method described (NRC, 2001) using the average DMI,
MY, milk composition, and BW of the cows during the
experimental period.

Digestibility measurements

To determine the apparent total tract digestibility of treatment
diets, fecal samples were collected by rectal grab sampling from each
cow during week 6 of the experiment. Samples were taken for 2
consecutive days at 07:00, 10:30, 15:00, and 22:00. Eight samples were
collected from each cow, pooled, then dried in an air-forced oven at
60°C for 48 hours and ground to pass through a 2-mm screen using a
knife mill (Thomas-Willey Laboratory Mill, model 4, Arthur H.
Thomas Company, Philadelphia, PA, USA). Ground fecal samples
were subjected to chemical fiber-based analysis if DM, OM, CP, AND
EE, and gross energy was calculated in accordance with the method
described above. Approximately 500 mg of each of the sorted fecal,
orts, and diet samples were weighed into F57 Dacron filter bags with
25-micron porosity and incubated for 240 hours using a Daisy™ >’
incubator (ANKOM Corp, Fairport, NY, USA) to determine the
indigestible NDF (iNDF). The iNDF was used as an internal marker
to estimate the fecal amount and calculate nutrient digestibility
(Huhtanen et al,, 1994). The digestibility of CP, NDF, ADF, OM,
and DM were calculated based on the relationship between the feed
intake and fecal output of each cow (Adin et al., 2009).
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TABLE 1 Ingredients and chemical composition of the experimental
diets.

Treatment
Item, % of DM Control

Ingredients

Corn, ground 19.7 20.0
Soybean meal 1.9 1.9
Wheat grain 2.9 35
Soap stock oil 0.1 0.1
Teff hay 0 11.9
Wheat hay 12.6 0
Wheat silage 23.3 227
Rapeseed meal 11.0 11.0
Dried distillers grains 6.6 6.6
Wheat bran 42 4.2
Gluten feed 124 124
Calcium salts 3.1 33
Palmitic acid 0.4 0.4
Sodium bicarbonates 0.7 0.7
Calcium carbonate 0.2 0.3
Lactose water 0.8 0.8
'Vitamin mix 0.05 0.05
Urea 0.04 0.04

Chemical composition

CP % 16.5 17.0
NDF % 31.8 32.4
Forage, NDF % 17.5 17.9
Starch % 24 232
Ether extract % 52 53
Calcium % 0.9 0.9
Phosphorus % 0.5 0.7
*RDP % 114 145
*RUP % 5.2 49
’NEL, Mcal/kg DM 1.78 1.78
*Gross energy, Mcal/kg 4.05 4.10

! Contained 20,000,000 1U/kg of vitamin A; 2,000,000 IU/kg of vitamin D; 15,000 IU/kg of
vitamin E; 1,500 mg/kg of Cu; 6,000 mg/kg of Mn; 6,000 mg/kg of Zn; 2,000 mg/kg of Fe; 120
mg/kg of I; 50 mg/kg of Se; and 20 mg/kg of Co.

2 RDP and RUP are calculated based on the data from NASEM (2021).

* Net energy captured in milk calculated according to the data from NASEM (2021).

* Gross energy based on bomb calorimeter results.

To determine in situ degradability of teff and wheat hay,
approximately 4.0 g of teff sample were weighed into Ankom
R510, a 5 cmx10 cm Dacron bags with 50-micron porosity and
incubated in duplicates inside rumen utilizing two cannulated
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TABLE 2 Particle size distribution (DM-Basis) in feed and refusal samples.

Control Diet X week

Feed

>19mm 28.8 25.2 1.459 0.108 0.002 0.176
8 mm-19 mm 10.7 8.36 0.662 0.082 0.4262 0.5686
4 mm-8 mm 10.5° 8.96° 0.303 <0.001 <0.001 <0.239
<4mm 50.0° 57.5% 1.428 <0.001 0.001 0.004
Refusals

>19 mm 42.1° 62.2° 1.762 <0.001 0.003 0.001
8 mm-19 mm 13.9° 7.99° 0.409 <0.001 0.002 0.0014
4 mm-8 mm 8.78° 4.93° 0.502 <0.001 <0.001 0.022
<4mm 35.2% 24.9° 1.373 0.008 0.004 0.001

Different superscripts on LS mean values indicate significant differences at p< 0.05. SEM, standard error of the mean. Item'-Distribution of particles was conducted using the Penn State Particle
size separator tool—calculated as TMR proportions in feed and refusals.

wether Assaf sheep fed a standard diet containing 2.42 Mcal ME,  hours, 3 hours, 6 hours, 9 hours, 12 hours, 24 hours, 48 hours, and
120.0 g of CP per kg DM basis. Sheep diets comprised 73.0% 96 hours. It is worth noting that incubation at time 0, bags were
roughage feeds including wheat silage, wheat hay, clover hay, placed in a hot water bath at 39°C for 1 hour and agitated
concentrates, minerals, and vitamins to meet the maintenance intermittently to determine the solubility of the samples. After the
requirements (NRC, 2007). Bags were incubated in duplicates at 0 incubation, the bags were hand-washed until the water was clear

TABLE 3 Effects of diets on the intake and digestibility of nutrients in dairy cows.

Treatments

Variable

YIntake, kg/d

DM 253 25.7 0.560 0.754
OM 245 23.6 0.580 0.455
Cp 4.87 4.83 0.119 0.870
aNDF 10.7 10.3 0.259 0.430
ADF 4.69 4.46 0.113 0.313
Energy 116.4 110.3 2.784 0.279

Digestibility, %

DM 62.5 61.7 0.401 0.287
oM 63.9 63.8 0.389 0.928
CpP 59.2° 61.9° 0.682 0.042
2aNDF 49.3 49.7 0.454 0.697
ADF 47.2 46.0 0.636 0.353
Energy 61.0 61.0 0.709 0.719

Energy balance

*DEI, Mcal/d 74.2% 67.1° 1.585 0.022
“DE, Mcal/kg DM 276" 2.65° 0.024 0.024
(Continued)
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TABLE 3 Continued

10.3389/fanim.2023.1260787

Treatments
Variable Control
NEy, Mcal/d 10.3 10.3 0.102 0.978
SNE;, Mcal/d 342 335 0.563 0.529
7EB, Mcal/d 29.6" 23.3" 1318 0.014
BW 645.9 644.2 4310 0.551

LS means with different superscripts are statistically different at p < 0.05. SEM=standard error of the mean.

'Intake=intake during the period of digestibility data collection.
*aNDF=amylase-treated NDF.

°DEI= DE x DML

“DE= digestible energy.

°NEy= BW*7 % 0.08.

°NE; = ECM x 0.715.

7EB= calculated energy balance.

and dried at 60°C for 48 hours to determine the degradability of
nutrients in accordance with the method described by Orskov and
McDonald (1979). Degradability parameters: a (solubility, %), b
(potential degradability by time, %), and kd (rate of degradability,
%/hours). DM degradability (DMD), crude protein degradability
(CPD), NDF degradability (NDFD), and OM degradability (OMD)
were computed using a passage rate (kp) of 8.0%.

Milk yield and milk composition analysis

Cows were milked three times a day at 06:00, 14:00, and 21:00,
and milk yield was recorded automatically during each milking
using the Afifarm software, v. 5.2.1 (Afimilk Ltd, Kibbutz Afikim,
1514800, Israel), installed at the milking parlor. Cows were weighed
automatically after each milking by a walk-on scale in the system
when exiting the milking parlor. Milk samples were collected from
three consecutive milking occasions once every 7 days, four
different tests using these samples were conducted. Milk samples
were collected into 50.0-mL tubes containing bromo-2-
nitropropane-1,3-diol tablets (Advanced Instruments Inc, Two-
technology way, Norwood, MA 02062) as a preservative and sent
to the Central Laboratory in Caesarea, Israel, for compositional
analysis. Milk percentages of fat, lactose, true protein, urea, and
somatic cell count were analyzed. Prior to sending the milk samples,
5.0 mL from each milking occasion were pooled from cows to make
a total of 15 mL for further analysis. A 2-mL volume of milk was
transferred from 15.0-mL tubes to Eppendorf tubes for fatty acid
profile analysis as described by Mesilati-Stahy and Argov-Argaman
(2014) using an Agilent 6890N network gas chromatograph
(Agilent Technologies, Santa Clara, CA, USA).

Calculations of production efficiency and
energy balance

Energy-corrected milk (ECM) was calculated using the formula:
ECM, kg/d = milk yield (kg/d) x {[0.3887 x milk fat (%)] + [0.2356
x milk protein (%)] + [0.1653 x milk lactose (%)]}/3.1338 kg/d of
standard milk containing 3.5% fat, 5% lactose, and 3.5% protein,
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and an energy value of 0.715 Mcal/d (NRC, 2001). The efficiency of
milk production was calculated as ECM/DMI. The energy content
in milk was computed following (NRC, 2001) equations. The energy
balance (EB) was also calculated on a daily basis using values from
NRC (1989) as shown in the equations below.

EB = DEI—(NEy+ NE,)
DEI (Mcal/d) = digestible energy (Mcal/kg) i DMI (kg/d)
NE,,(Mcal/d) = BW’7°10.08

NEL (Mcal/d) = ECM (kg/d) i (0.715)

In which, EB = energy balance, NE; = net energy of lactation,
NE,, = net energy required for maintenance, DE = digestible energy,
and DEI = digestible energy intake.

Blood metabolites analyses

During week 6 of the experiment, blood samples were collected
twice from each cow. Blood was withdrawn from the coccygeal
blood vessel during the last day of the experiment using a 20-
gaugex2.54 mm needle into 9-mL vacutainer tubes containing
Lithium Heparin (BD Vacutainer, Plymouth, UK). The first
sampling was carried out in the morning (07:00) before feeding
(i.e., rations were removed from feeders) and the second collection
was carried out 3 hours after feeding (10:00). Blood glucose and [3-
hydroxybutyrate (BHB) were measured immediately after sampling
(Pichler et al, 2014) using the Freestyle Optimum [-ketone test
strips and Freestyle Optimum glucose test strips (Abbott Diabetes
Care Ltd, Berkshire, UK). The rest of the blood samples were kept
on ice for 4 hours before being centrifuged at 1,500xg at 4°C for 20
minutes to obtain plasma. Plasma samples were stored at —20°C
until the further analysis of non-esterified fatty acids (NEFA) was
carried out in accordance with the method described by Johnson
and Peters (1993) using the Wako NEFA kit (Wako chemicals,
GmbH, Neuss, Germany). Blood urea nitrogen (BUN) was also
analyzed using a calorimetric method read in 96-well plates (96
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MaxisorpNunc- Immuno plates, Roskilde, Denmark) in a
spectrophotometer (Biotek ELx808, Lumitron Ltd) in accordance
with the method described by Coulombe and Favreau (1963).

Rumen fluid analyses

Rumen fluid samples were collected from each cow twice during
the last day of the experiment in 50-mL tubes to determine the
changes in the concentration of volatile fatty acids (VFA) and
ammonia nitrogen (N-NH3) with time. The first collection was
conducted at 07:00, after milking and before feeding. The second
collection was conducted 3 hours after feeding. All collections were
conducted with great care by trained personnel in accordance with
the method described in the study by Ben Meir et al. (2021). Rumen
fluid (400 mL) was collected from each cow using a self-made
esophageal metal-coated rubber pipe (2 m length, 15 mm internal
diameter, with 24 pores of 4 mm diameter each around the edge of a
metal head) connected to a vacuum pump. To avoid saliva
contamination and to ensure an adequate volume of fiber-
containing rumen fluid, the vacuum pump was turned on only
after the sampler pipe was inserted and the first 200 mL of rumen
fluid was discarded to prevent contamination with saliva. The pH of
each rumen fluid sample was measured immediately using a pH
meter (Sartorius Company, Goéttingen, Germany). After
centrifugation at 2,000xg at 4°C for 10 minutes, samples were
stored at —20°C for further analysis. The VFA concentrations
were analyzed as described in the study by Erwin et al. (1961)
using a Hewlett Packard HP 5890 gas chromatograph (Conquer
Scientific Company, Poway, CA, USA). Ammonia concentrations
were measured as explained by Bower and Holm-Hansen (1980).

Statistical analysis

Statistical analyses of the data collected were conducted using JMP
Pro (version 16.0.0, SAS Institute Inc., Cary, NC, USA). The
production data collected during the second week of the experiment
were treated as a covariate when relevant. Continuous data, including
DMI, OMI, milk yield, milk composition (lactose, fat, protein, urea,
and somatic cell count), production efficiency, and ECM were averaged
per experimental week and analyzed using a MIXED procedure and a
suitable covariance structure with data from the covariate period. The
autoregressive order 1 (AR1) structure was found to be the most
suitable to be used. Blood metabolites (NEFA, BHB, and blood
glucose), milk FA profile, and rumen metabolites (N-NH;, VFA,
and rumen pH) were also analyzed using a two-way ANOVA, with the
treatment and time of sampling as fixed factors. The statistical model
included the fixed effects of treatment (diet), week, and their
interaction, and cow as a random effect nested within treatment.

Y = ptTi+ C(T)j+ Lic+ Lyh T+ Eye

In which p = overall mean, T; = fixed effect of treatment i, C
(T);; = random effect of cow j = nested within treatment i, L = fixed
effect of week k, Ly x T; = the fixed effect of interaction between
treatment and week, E;; = residual error.
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Nutrient intake (CP, ADF, and NDF), nutrient digestibility,
energy balance, and whole-chemical composition (i.e, CP, OM,
DM, ADL, EE, NDF, ADF, hemicellulose, cellulose, and starch)
were analyzed using MIXED procedures as previously described,
but without the repeated measurements and week effect. The data
are presented as LS means with adjusted standard error of the mean
(SEM). Statistical differences were considered significant at p < 0.05
and tendencies at 0.05< p< 0.10.

Results
Effects of diet and refusals on particle size

The feed particle size distribution (Table 2) was similar for both
diets, except for minor differences in the 4 mm-8 mm fraction, in
which the particle size was greater in the control group than in the
teft group (p< 0.001), and the< 4 mm fraction had an interaction
between diet and week (p = 0.004), with these particles being fewer
in the control group than in the teff group in week 2 and week 4 (=
17 and =8% units, respectively), but slightly more numerous in the
control group than in the teff group during week 5 of the trial. On
average the 4-mm fraction in teff was greater than the control.
Refusals differed between diets, with an interaction between diet
and week observed. The greatest differences were noted in week 5 of
the trial, with the control group having more than twice the particle
distribution than the teff group. In terms of refusal particles >
19 mm in size, we observed that there was a larger number of these
in the teff-fed group than in the control group, whereas for<19-mm
refusal particles, the teff-fed group had fewer of these than the
control group (Table 2).

Feed intake, nutrient digestibility, and
energy balance

Feed intake and digestibility did not differ among diets, except
in terms of crude protein digestibility, which was greater in teff cows
than in control cows by 2.7% (Table 3; p = 0.042, 61.9% vs. 59.2%,
respectively). Digestible energy intake was higher in control cows
than in teff-fed cows (p = 0.022; 74.2 Mcal/d vs. 67.1 Mcal/d,
respectively). A similar trend was noted with regard to energy
balance (p = 0.014; 29.6 Mcal/d vs. 23.3 Mcal/d; Table 3).

The in situ degradability of teff and wheat hay used for
formulating the diets showed that NDF was almost insoluble,
with a lower solubility for OM in teff than wheat hay (Figure S1)
as elaborated in Table S1. However, CP solubility in teff hay was
higher than it was in wheat hay by 18% (55.1% vs. 37.5%,
respectively). Despite the potential CPD of teff hay with time
being lower than that of wheat hay, its potential OMD with time
was higher. Interestingly, despite being almost insoluble, teft hay
had a very high potential degradability with time, and its NDFD was
up to 80.0%, similar to that of wheat hay. Teff hay had lower rates of
degradability per hour than wheat hay for all the parameters (DMD,
OMD, CPD, and NDFD) in situ. A comparison between the
effective degradabilities of teff hay and wheat hay showed that teff
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hay had higher CPD values than wheat hay Figure SI, and as
detailed in Table SI.

Milk yield and composition

Despite the lack of difference in intake between the diets, teff
increased the daily milk yield by 1.5 kg/d (p< 0.001; 43.1 kg/d vs.
44.6 kg/d, respectively). Similarly, a higher trend in milk protein
(p = 0.009; 1.42 kg/d vs. 1.51 kg/d, respectively) and milk lactose
yields (p = 0.003; 2.10 kg/d vs. 2.26 kg/d, respectively; Table 4) was
observed in the teff group than in the control group. There was an
interaction between diet and week, which was nearly statistically
different for daily milk fat yield (p = 0.094), with a higher milk fat
yield in teff cows than in control cows in the last week of the
experiment (1.73 kg/d vs. 1.60 kg/d, respectively). Milk lactose
showed a nearly significant effect of time (p = 0.078) as it decreased
from 4.90% in week 5 to 4.73% in week 6. Milk yield efficiency
expressed per DMI was also nearly significant (p = 0.063), with that
in the teft-fed group at week 5 being higher than that in the control
group (1.75 kg/d vs. 1.64 kg/d, respectively). The ECM yield
efficiency expressed per DMI tended to have an interaction effect
between diet and week (p = 0.086) and tended to be higher in the teff
group than in the control group during week 5 of the trial (1.77 kg/d
vs. 1.54 kg/d, respectively; Table 4).

Fatty acids profile

A comparison between the two diets showed that teft led to an
increase in the levels of some fatty acids, such as C18:1, trans 9,
C18:2n6cis, polyunsaturated fatty acids (PUFA), omega-3, and total
trans fatty acids concentration, and that the increase associated with

10.3389/fanim.2023.1260787

C20:0 and this tended to be statistically significant (Table 5).
However, levels of C16:0 and saturated fatty acids were reduced
in the teff treatment compared with the control, and this tended to
be statistically significant. The levels of the rest of the fatty acids
were similar among the diets. The analysis of the TMR FA profiles
of the control and teft diets showed that the teff diet had higher
levels of PUFA than the control diet (Table S2).

Rumen parameters

The pH tended to be statistically different and was higher in the
control treatment than in the teff treatment (p = 0.075), whereas the
concentration of N-NH; was higher in the teff treatment than in the
control treatment (p = 0.004, 18.50 mg/dL vs. 15.83 mg/dL,
respectively; Table 6). A comparison of the volatile fatty acids
concentration between the teff and control diets showed that the
concentration of acetic acid (C2) was higher in the control
treatment than in the teff treatment (p = 0.040, 61.7 mmol/dL vs.
58.8 mmol/dL, respectively), propionic acid (C3) was higher in the
teff treatment than in the control treatment (p = 0.001, 26.2 vs. 22.5
mmol/100 mmol, respectively), and the ratio of C2 to C3 was higher
in the control treatment than in the teff treatment (p = 0.014). The
rumen pH decreased between 0 hours and 3 hours in a similar
pattern in both the teff and control groups (A 0.40, teff vs. A 0.22,
control). A similar trend was observed for C2 and isovaleric acid [I-
C5 (A 12.7, teff vs. A 14.7, control, and A 0.14, teff vs. A 0.12, control,
respectively]. The rumen N-NH; increased between 0 hours and 3
hours (A 16.6, teff vs. A 14.9, control). In addition, C3, butyric acid
(C4), valeric acid (C5), and total VFAs increased between 0 hours
and 3 hours (C3; A 6.42 vs. A 6.86, C4; A 5.09 vs. A 6.47, C5; A 0.99
vs. A 1.07 and total VFAs concentration; A 39.67 vs. A 32.49, for teff
vs. control, respectively). It is worth noting that the ratio of C2 to C3

TABLE 4 Effects of diets on dry matter intake, milk yield, and components in dairy cows.

Diet
Control Diet X week
Milk yield (kg/d) 43.1° 44.6" 0.432 0.045 <0.001 0.941
Milk fat, % 3.96 3.76 0.052 0.172 0.414 0.664
Fat yield, kg/d 1.71 1.72 0.024 0911 <0.001 0.094
Milk true protein, % 3.32 3.27 0.030 0.565 0.348 0.760
Protein yield, kg/d 1.42° 1.51° 0.016 0.009 <0.001 0.133
Milk lactose, % 4.86 4.88 0.034 0.723 0.078 0.625
Lactose yield, kg/d 2.10° 2.26 0.029 0.003 <0.001 0.235
ECM, kg/d 429 44.1 0.538 0.304 <0.001 0.107
MUN, mg/dL 0.22 0.21 0.030 0.664 <0.001 0.992
SCC, x 10° cells/mL 145.4 103.9 26.017 0.574 0.047 0.453
Milk yield/DMI, kg/d 1.74 1.74 0.024 0.991 0.067 0.003
ECM/DML, kg/d 1.71 1.76 0.030 0.427 0.145 0.086

LS means with different superscripts are statistically different at p < 0.05. SEM, standard error of the mean; MUN, milk urea nitrogen; SCC, somatic cell count.
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TABLE 5 Effects of diets on the fatty acid composition of milk fat (g/100 g of total fatty acids) in dairy cows.

Treatment
Control
C8:0 0.42 0.48 0.074 0.703
C10:0 2.87 2.90 0.165 0914
C12:0 5.18 497 0.135 0.456
C14:0 14.8 14.9 0.155 0.870
C16:0 40.1 39.2 0.261 0.073
Sat<C16:0 233 232 0.380 0.940
Sat >C16:0 8.76 8.40 0.177 0.320
Clé6:1n7 1.75 1.78 0.064 0.830
Cl16:1/Cl16:0 0.04 0.05 0.002 0.586
C18:0 8.42 8.04 0.180 0.296
C18:1n7 0.75 0.79 0.027 0.426
C18:1, trans 9 1.73 1.93 0.053 0.051
C18:2n6 trans 0.53 0.60 0.022 0.135
C18:2n6 cis 3.34° 3.62% 0.063 0.019
C18:3n6 0.03 0.05 0.010 0.256
C18:3n3 0.28 0.27 0.007 0.803
C18:1, cis 9 19.1 19.8 0.242 0.169
C18:1/C18:0 231 248 0.055 0.113
C18:0/C16:0 0.21 0.21 0.005 0.661
C20:0 0.34 0.37 0.007 0.078
C20:1n9 0.10 0.09 0.010 0.760
C20:4n6 0.16 0.16 0.003 0.813
C20:5n3 0.02 0.05 0.012 0.224
C20:1n9/C20:0 2.89 3.22 0.138 0.238
C22:6n3 0.01 0.01 0.004 0.766
Saturated 72.2 70.8 0.370 0.067
MUFA 234 24.3 0.319 0.138
PUFA 436° 4.77° 0.084 0.013
Omega-3 3.43° 3.71° 0.062 0.022
Omega-6 0.31 0.34 0.016 0.377
Y trans fatty acids 226" 2.53° 0.065 0.033

LS means with different superscripts are statistically different at p < 0.05. MUFA, monounsaturated fatty acids. PUFA, polyunsaturated fatty acids; ¥ trans fatty acids, total trans fatty acids concentration.

decreased between 0 hours and 3 hours (A 1.24, teff vs. A statistically different with higher concentrations in the control

1.60, control).

Blood metabolites

treatment than in the teff treatment (p = 0.072, 1.02 mmol vs.
0.83 mmol, respectively). A similar trend was noted in NEFA (p =
0.015, 201.8 UEq/L vs. 166.1 UEq/L, respectively), whereas the BUN
was lower in the control treatment than in the teff treatment (p =
0.0460, 24.4 mg/dL vs. 27.8 mg/dL, respectively; Table 7). Blood

The glucose level was similar between the treatments and  glucose and BUN decreased in both diets between 0 hours and 3
averaged 46.2 mg/dL. Beta-hydroxybutyrate tended to be  hours (glucose; A 4.35 vs. A 1.71, BUN; A 2.78 vs. A 2.99 for teff vs.
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TABLE 6 Effects of diet on N—=NH3, rumen pH and VFA in dairy cows.

10.3389/fanim.2023.1260787

Diet
Control Diet x Time
N-NH;, mg/dL 15.8° 18.5° 1.106 0.040 <0.001 0314
Rumen pH 6.89 6.75 0.039 0.075 <0.001 0.124
Volatile fatty acids, mmol/100 mmols
2 61.7* 58.8" 0.997 0.040 <0.001 0.133
C3 225" 26.2° 0.610 0.001 <0.001 0.667
C2:C3 2.90° 2.43° 0.119 0.014 <0.001 0.147
C4 13.3 12.2 0.458 0.105 <0.001 0.189
1-C5 1.06 1.18 0.039 0.141 0.080 0.882
c5 1.29 1.40 0.070 0.161 <0.001 0.451
Total VFAs 91.8 97.4 3.345 0.326 <0.001 0.429

LS means with different superscripts are statistically different at p< 0.05. SEM, standard error of the mean.

control, respectively) whereas NEFA and BHB increased between 0
hours and 3 hours (NEFA; A 17.5 vs. A 51.3, BHB; A 0.70 vs. A 0.83
for teff vs. control, respectively).

Discussion

In this study, we aimed to assess the effect of teff hay inclusion in
rations on dairy cows’ production and performance. We compared
feed intake and digestibility, milk yield and composition, fatty acids
composition, rumen fluid parameters (pH and N-NH; and VFA
concentrations), and blood metabolites (glucose, BHB, NEFA, and
BUN) between teff- and wheat-based rations. The inclusion of teft
led to increased milk production, milk protein, and lactose yields.

Feed intake, nutrient digestibility, and
energy efficiency

Feed intake was similar for both diets, with an average DMI of
25.5 kg/d and DM and OM digestibilities having similar averages
(62.1% and 63.9%, respectively). Factors such as particle size,
particle fragility, NDF content, forage-to-concentrate ratio, the
passage rate of feed in the reticulorumen, and the ruminal
distension of the reticulorumen resulting from gut fill may

influence intake in ruminants (Allen, 1996; Allen, 2000; Zebeli
etal,, 2007). The NDF content tended to be higher in teff hay than in
wheat hay (70% vs. 62%; respectively) as reported by Beck et al.
(2009) and Staniar et al. (2010). Hence, we expected to observe
differences in the intake of nutrients between the two diets.
However, there were no actual differences observed, probably
because of the different inclusion levels of dietary forage (11.9%
teff vs. 12.6% wheat in DM). In addition, cows in the control group
consumed more of the long particles (>19 mm), whereas those in
the teff group consumed more of the short particles (<19 mm)
which could partially explain the similarities in intake. Longer
particle size leads to greater fill as a result of a slow passage rate,
whereas a reduction in particle size increases the passage rate (Allen,
20005 Yansari et al., 2004). Longer particles contain more NDF and
ADF content than finely chopped particles (Sudweeks et al., 1979;
Bal et al., 2000). Similar DMI results (ranging from 25 kg/d-27 kg/
d) were reported by Rezac et al. (2012) between the cows fed 20%
tall prairie hay (68.0% NDF) and cows fed corn silage (43.0% NDF),
alfalfa hay (44.0% NDF), and wet corn gluten feed (38.0% NDEF).
Saylor et al. (2018) also reported a similar intake averaging 28 kg/d
in cows fed different forages (teff vs. corn silage, alfalfa, and
prairie hay).

The higher CPD in the teff diet (61.9%) might be attributable to
the higher level of RDP in and solubility of teff hay than in wheat
hay. However, digestibility in ruminants can be influenced by other

TABLE 7 Effects of diets on blood concentration of glucose, BHB, NEFA, and BUN in dairy cows.

Diets
Variable Control Diet x Time
Glucose (mg/dL) 46.4 46.1 1.054 0.896 0.085 0.444
BHB(mmol) 1.02 0.83 0.072 0.072 <0.001 0414
NEFA (uEq/L) 201.8° 166.1° 7.643 0.015 0.024 0.252
BUN (mg/dL) 24.4° 27.8° 0.712 0.046 0.011 0921

LS means with different superscript letters are statistically different at p< 0.05. SEM, standard error mean.
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factors such as their eating patterns, the retention time of feed in the
rumen, fiber composition, level of intake, passage rate, and particle
size of feed (Van Soest, 1994). In our case, similarities in DMD,
OMD, NDFD, and ADFD could be attributed to similar intakes of
nutrients, as discussed earlier, and differences in the inclusion levels
of forage, but most importantly, the similarities in their retention
time in the rumen. The selective consumption of particles between
the two groups could also explain the similar digestibilities
observed, which was in agreement with a study by Yansari et al.
(2004), who reported a similar digestibility of nutrients in TMR
diets containing different particle sizes in dairy cows. A study by
Saylor et al. (2018) also found no differences in DMD and NDFD
when teft hay was used solely to replace alfalfa hay, corn silage, and
prairie hay in dairy cows. It might be concluded that cows
consuming the teff-based TMR diet selected and consumed
smaller particles, which in turn might support the similar
retention time in the rumen and apparent total tract digestibility
of nutrients in both the teft-based and wheat-based diets.

The DEI, DE, and EB were lower in the teff treatment than in
the control treatment, whereas the BW, NE,, and NE; were similar
between the teff and control treatments. Despite the lower energy
balance values in the teff than in the control diets, the cows fed the
teft diet had higher milk yields, which would imply that they had
more efficient energy utilization. We postulated that the energy in
the teff-fed cows was retained for production purposes rather than
losses in heat production.

Milk yield, composition, and efficiency
of production

An increment of 1.5 kg/d milk yield was recorded for cows fed
the teff diet compared with cows fed the control diet, with a similar
trend in milk lactose and true protein yields. The concentrations of
milk fat, milk true proteins, milk lactose, and ECM were similar in
both diets. The milk parameters assessed in our study were within
acceptable ranges in high-yielding dairy cows, as reported by Ben
Meir et al. (2021) and Habel et al. (2022). Our results are also
similar to the findings of Saylor et al. (2018), who reported a
tendency to increase milk protein yield and milk urea nitrogen
(MUN) associated with a teff-based diet compared with a control
diet. The ECM and ECM/DMI results were similar to earlier
findings reported in dairy cows by Saylor et al. (2018) and Ben
Meir et al. (2021). However, our results pertaining to milk protein
concentration and lactose yield were contradictory to the earlier
findings of Saylor et al. (2018). The differences between our findings
and those of Saylor et al. (2018) could be attributed to the use of teff
hay as the sole feed in their study; in our study, teff was mixed in
TMR. The milk produced by cows consuming a teff-based diet had
numerically higher total VFAs concentrations than that produced
by those consuming a control diet with predominantly C2, C3, and
C4, constituting approximately 70% of ME in ruminants (Dijkstra,
1994; Reynolds et al., 2003; Seymour et al,, 2005). Our results
showed that the fermentation of the teff-based diet increased
propionate, lowering the ratio of C2 to C3 in the rumen. The
increased C3 is a major glucogenic precursor (Larsen and
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Kristensen, 2009; Aschenbach et al., 2010; Dijkstra et al., 2012)
supplying over 65% net glucose in lactating cows (Reynolds et al.,
2003; Seymour et al.,, 2005) partitioned for the higher milk, lactose,
and protein yields in the teff-based diet than in the control diet. The
propionate and total VFA concentrations were positively correlated
with milk yield, protein, and acetate, which was negatively
correlated with milk yield (Seymour et al., 2005). Hence, feeding
teft to high-yielding dairy cows could be beneficial as it increased
propionate associated with increased milk yield and proteins.

Rumen ammonia nitrogen, VFA, and pH

In both treatments, N-NH; concentration was within normal
ranges as reported by (Schaefer et al., 1980; Pengpeng and Tan,
2013) which is usually sufficient for rumen microbial growth and
below toxicity levels (Patra, 2015). The teff-based diet had higher
concentrations of ruminal N-NH;. It increased 3 hours post-
feeding and was still higher in the teff diet than in the control
diet. The ruminal N-NH; concentrations in the teff diet in our
study were higher than previously reported values in the diets of
beef cattle (Vinyard et al., 2018; Ream et al., 2020). The differences
between our findings and the earlier findings of Vinyard et al.
(2018) and Ream et al. (2020) could be attributed to the level of feed
intake (beef heifers and steers vs. dairy cows). In addition, the teff
variety might affect its composition and nutritional value (Wagali
et al,, 2023). Nonetheless, the teff hay used in the earlier studies by
Vinyard et al. (2018) and Ream et al. (2020) was harvested at boot,
early heading, or late heading, whereas our teff hay was harvested at
early heading. It is probable that the elevated concentrations of N-
NHj; observed in the teff-based diet are attributable to the high
solubility of CP in teff hay compared with that in wheat hay and the
salivary supply of urea that is converted to N-NH; (Bailey and
Balch, 1961). However, the accumulation of N-NHj; implies that
there were inadequate levels of the ruminally degradable
carbohydrates which initiate the fermentation of amino acids as
an energy source, causing nitrogen loss (Nocek and Russell, 1988;
Hristov and Jouany, 2005). The utilization of rumen N-NHj is
dependent on the carbohydrate and nitrogen supply balance,
synchronization, and availability for microbes (Hristov and
Jouany, 2005). Carbohydrate availability influences the microbial
growth rate and the efficient utilization of N-NHj in the rumen
(Russell et al., 1983). The higher N-NHj; concentration in the teff-
based diet implies asynchrony between protein and available
energy, in turn hindering the efficient conversion of nitrogen into
MCP and amino acids. Thus, it is necessary to ensure the
synchronization of available nitrogen and energy in the diet to
improve ruminal fermentation, feed utilization, and MPS (Cabrita
et al., 2006).

The pH of both diets was within the optimal range (6-7) for
rumen physiology (Patra, 2015). Ruminal pH tended to have a
lower value in the teff-based diet than in the control diet. A decrease
(A 0.31) in pH was observed 3 hours post-feeding (6.98, control, vs.
6.67, teff). Similar findings were reported on dairy cows fed TMR
containing mixed hay and haylage in the study by Duffield et al.
(2004). The total VFA concentration had a greater influence on the
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rumen pH than the concentrations of individual VFAs (Dijkstra,
1994). The slightly lower ruminal pH in the teff-based diet was
attributed to the total VFA. A slight decline in the ruminal pH post-
feeding (3 hours) could be due to the production of VFA during the
fermentation process, as postulated by Allen (1997). That being
said, it should be kept in mind that both TMRs in the current study
contained a buffering agent (sodium bicarbonates) that might have
compromised the real effect of fermentation on the pH values.

Our VFA results are within the acceptable ranges (< 130 mM)
previously reported by Bannink and Tamminga (2005). Although
slightly lower, the results were also similar to the VFA ranges
summarized in the study by Seymour et al. (2005). A teff-based diet
decreased the molar proportion of acetic acid, which is often
correlated with decreased milk yield, but favored the production
of more total VFA concentration and increased the molar
proportion of propionic acid. This is desirable in increasing milk
yield and proteins as propionic acid is glucogenic, constituting over
65% of the net glucose supply that could be partitioned for milk
production in lactating cows, as reported by Reynolds et al. (2003)
and Seymour et al. (2005).

Blood metabolites

The glucose levels were similar in both diets (averaged 46.3 mg/
dL). However, during the pre-feeding period, the glucose level was
higher than average 3 hours after feeding. Our results agree with the
findings of Piantoni et al. (2015), who reported a decrease in plasma
glucose levels 4 hours post-feeding in early and late lactating dairy
cows. The increased production of propionate in the rumen,
followed by higher absorption into the circulation, prompts
insulin secretion and gluconeogenesis, resulting in lower levels of
glucose 3 hours post-feeding compared with pre-feeding
(Aschenbach et al,, 2010). It was also postulated that immediately
after feeding, glucose was converted into glycogen and stored in the
liver during the absorptive phase of digestion to be used during the
post-absorptive phase (Aschenbach et al., 2010).

Blood urea N concentrations were significantly higher in cows
consuming the teff-based diet than those consuming the control diet.
Despite the levels of BUN concentration dropping over time, teff
steadily demonstrated elevated concentrations compared with the
control. Teff proteins are highly soluble and rapidly degraded to N-
NH;; consequently, detoxification of N-NH; to urea-N in the liver
triggers the accumulation of BUN in the blood (Satter, 1986; Nocek and
Russell, 1988; Hristov et al., 2011). It is proposed that the increase in
BUN could be related to the higher ruminal N-NHj; concentrations. In
this study, we showed that teff hay had a higher soluble CP fraction
than wheat hay (this was demonstrated in situ). Apart from the dietary
source, the continuous secretion of saliva by the parotid and sublingual
glands enhances the urea supply to the rumen (Bailey and Balch, 1961).
This could perhaps contribute to the higher concentration of BUN in
the cows fed the teff diets. The decreased ruminal concentrations of
BUN observed 3 hours post-feeding could be related to recycling it
back to the rumen N-NHj pool, saliva, and excretion in urine and feces
(Lapierre and Lobley, 2001; Marini and Van Amburgh, 2003), causing
a decline in BUN concentration over time.
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Cows fed the teff-based diet had lower plasma NEFA
concentrations, with a slight decrease in BHB levels compared
with the control group. The plasma NEFA concentrations and
BHB levels declined with time, with those in the cows on the teft-
based diet being consistently lower than in those cows on the
control diet. Comparable findings on BHB were reported in dairy
cows 4 hours post-feeding by Piantoni et al. (2015). High levels of
plasma NEFA indicate negative energy balance (NEB) in ruminants,
which is typically associated with low blood glucose concentrations
and increased levels of plasma BHB (Bell, 1995). Although plasma
NEFA and BHB were significantly lower in teff-fed cows, the blood
glucose concentration was similar between the two dietary
treatments. Ospina et al. (2010) benchmarked > 600 pEq/L of
NEFA as a higher concentration in dairy cows. Thus, the plasma
concentrations of NEFA and BHB observed were within the
tolerance threshold of high-yielding dairy cows in mid-lactation.
The plasma concentrations of NEFA and BHB reduced as the cows’
EB decreased, which contrasts with the findings of Gross et al.
(2011), who reported elevated plasma NEFA and BHB levels along
with a decrease in EB in dairy cows. The differences between our
results and those of Gross et al. (2011) could be due to the fact that
the cows studied in their experiment were in early lactation and
ours were in late lactation. Furthermore, in the cows in their study,
in contrast to ours, NEB was induced by physiological feed intake
restriction. According to Craninx et al. (2008), reductions in the
concentrations of short- and medium-chain fatty acids (SMCFA;
C4:0-C14:0) in milk fat indicate elevated plasma NEFA
concentrations. However, the SMCFA concentrations were similar
in both dietary groups, suggesting that the plasma NEFA was within
normal limits. Bjerre-Harpoth et al. (2012) also found no
discernible effect of partial feed restriction on plasma BHB levels
in mid- and late-lactating dairy cows. This suggests that the increase
in plasma NEFA and BHB concentrations of mid-lactating dairy
cows was not solely related to the NEB. It is worth noting that
energy losses in heat production were not calculated in the current
study. It is therefore likely that the EB in teff-fed cows might have
been retained for production purposes, sparing fat mobilization and
hence lowering NEFA and BHB concentrations.

Milk fatty acids profile

The FA profile was within the normal ranges reported in
previous studies (Jensen et al.,, 1991; Palmquist et al., 1993; Fant
etal,, 2023). The higher concentration of C16:0 in the control diet is
similar to that found previously by (Gross et al, 2011), who
demonstrated that the increase in C16:0 was correlated with the
increased EB of animals. However, in our study, we found that the
teft diet was associated with an increase in the total trans FA
concentration with decreased EB (relative to the control). This
finding contradicts the report by Stoop et al. (2009), who found an
increase in trans FA with improved EB. The differences in our
results and the aforementioned study could be ascribed to differing
stages of lactation. In Stoop et al. (2009), samples were collected
from early-lactation cows, which could have had a higher NEB,
whereas, we studied mid-to late-lactation cows, which could have
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had a lower NEB. In addition, in the study by Stoop et al. (2009),
primiparous Holstein-Friesian cows were used, whereas we used
multiparous Holstein-Friesian cows. Triglycerides constitute
approximately 98% of total milk fat (Jensen et al, 1991; Moate
et al., 2007). Milk FA synthesis occurs through biohydrogenation or
bacterial degradation in the rumen, de novo synthesis in the
mammary gland, mobilization of body fats, and direct
incorporation from the diet (Stoop et al., 2009; Mesilati-Stahy and
Argov-Argaman, 2018). Alteration in these processes influences the
FA composition of milk fat during lactation (van Knegsel et al,
2005; Stoop et al., 2009). The FA profile of the teff diet had
numerically higher concentrations of PUFA than that of the
control diet. In line with this, EI-Alfy et al. (2012) showed that
higher levels of oleic acids, linolenic acids, and PUFA existed in teft.
This may explain the higher concentration of long-chain fatty acids
(LCFA) in milk fat observed in the present study due to the fact that
LCFA is sourced mostly from diet rather than fat immobilization
(Craninx et al., 2008). In addition, calcium soap supplements
that were added to rations in the current study to support
NE; requirements, might protect C18:2 against rumen
biohydrogenation (Palmquist et al., 1993). Thus, the slightly
higher calcium soaps incorporated in the teff diet to balance the
NE; could be a possible reason for higher levels of C18:2 in the milk
fat observed. These findings agree with a study by (Palmquist et al.,
1993) which demonstrated a higher concentration of C18:2 in the
calcium soaps diet than in other dietary treatments. The higher level
of dietary C18:2 may have been the source of the trans fatty acids
that were found at higher concentrations in the milk of cows in the
teff group. Trans fatty acids originate from the rumen
biohydrogenation of PUFA (Lock and Bauman, 2004; Lock et al,
2005; Lock et al., 2006) In addition, LCFA transfer from plasma to
milk FA inhibits the de novo synthesis of short-chain fatty acids
(Garnsworthy and Huggett, 1992; Palmquist et al., 1993). It is likely
that the trivial concentration of SCFA in teff could be due to the
repressive effect of LCFA in cows. The decrease in the EB of dairy
cows can impact their FA profile by reducing the supply of acetate
and glucose for the de novo synthesis of SCFA (Palmquist et al.,
1993; Gross et al, 2011), thus triggering an increase in LCFA
(C18:0-C22:0). On the other hand, the high concentration of
C16:0 in the control diet could be linked to a higher level of
acetate production, similar to that in a study by Orskov et al. (1969).

Conclusions

We assessed the effect of teff hay inclusion in rations on dairy
cows’ production and performances. We compared the feed intake,
digestibility, energy balance, milk yield and composition, fatty acids
profile, rumen parameters (N-NHj;, rumen pH, and VFA), and
blood metabolites (glucose, NEFA, and BHB) of the teff and control
diets. Our results showed that teff inclusion in dairy cow rations did
not affect intake, but increased crude protein digestibility. It also
increased milk, milk protein, and lactose yields, and levels of
polyunsaturated fatty acids and omega-3 fatty acids (which would
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improve human health). Teft inclusion also increased propionic
acid, ruminal ammonia nitrogen, and blood urea nitrogen in
circulation, but decreased non-esterified fatty acids and beta-
hydroxybutyrate in the blood circulation of the cows. These
results suggest that teff can be used to improve the production
and performance of dairy cows.
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