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ABSTRACT 

The use of agroindustrial by-products, such as dried 
distillers grains with solubles (DDGS) and dried citrus 
pulp (DCP), has been widely investigated in dairy cows, 
but information on their effects in dairy goats is lim
ited. The influence of feeding olive cake (a by-product 
of olive oil production) to dairy goats has been assessed 
in some studies, but exhausted olive cake (EOC) has 
been much less investigated. Twelve Murciano-Grana-
dina goats were used in a crossover design trial with 2 
periods to assess the effects of including agroindustrial 
by-products on nutrient digestibility, ruminal fermenta
tion, methane production, urinary excretion of purine 
derivatives, and milk yield and composition. In each 
period, 6 goats received daily a control diet comprising 
1 kg of alfalfa hay and 1 kg of high-cereal concentrate, 
and another 6 goats received a diet (BYP) comprising 1 
kg of alfalfa hay and 1 kg of a concentrate including corn 
DDGS, DCP, and EOC in proportions of 180, 180, and 
80 g/kg of concentrate (as-fed basis), respectively. Diet 
had no effect on total dry matter intake, but intake of 
alfalfa hay, CP, and fat was greater for the BYP group 
than for the control group. There were no differences 
between diets in nutrient apparent digestibility, with 
the exception of fat, which was greater for the BYP 
diet compared with the control diet. Although fecal N 
tended to be greater for the BYP diet, there were no 
differences in N utilization. Compared with the control 
diet, milk yield tended to be greater and daily produc
tion of milk CP, fat, whey protein, and TS as well as 
milk gross energy were greater for the BYP diet. The 

concentration of C12:0, C14:0, and C16:0 fatty acids 
(FA) was or tended to be lower and the concentration 
of polyunsaturated FA was greater in the milk of BYP-
fed goats compared with goats fed the control diet. Diet 
had no effect on ruminal parameters (pH, volatile FA, 
and NH3-N concentrations) and methane emissions, but 
urinary excretion of total purine derivatives tended to 
be lower in BYP-fed goats than in those fed the control 
diet. A mixture of corn DDGS (180 g), DCP (180 g), 
and EOC (80 g) could replace 44% of cereal grains and 
protein feeds in the concentrate for dairy goats without 
compromising nutrient utilization, ruminal fermenta
tion, or milk yield and led to a more unsaturated FA 
profile in milk. 
Key words: dairy goat, dried distillers grains with 
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INTRODUCTION 

The use of agroindustrial by-products in animal 
feeding, particularly in ruminants, is continuously in
creasing worldwide because it may reduce feeding costs, 
along with other reasons that are equally or even more 
important. Many by-products are not potentially edible 
by humans and therefore do not compete with human 
food (Bakshi et al., 2016). Some by-products have high 
pollution potential, and their inclusion in animal diets 
can help reduce the environmental problems associated 
with their accumulation, concurrently contributing to 
the sustainability of livestock production and reducing 
the carbon footprint of animal products (Del Prado et 
al., 2013). By-products can also contain bioactive com
pounds that may not only improve animal health and 
quality of animal products but also reduce methane 
emissions and help decrease the environmental impact 
of livestock production (Romero-Huelva et al., 2012). 

Dried distillers grains with solubles (DDGS) are 
by-products of the ethanol industry. Although a lot 



of information is available on the effects of DDGS in 
dairy cow feeding, to our best knowledge, only Cais-
Sokolińska et al. (2015, 2019) have evaluated their ef
fect in dairy goats, focusing on milk fatty acid (FA ) 
profile, basic milk composition and cytological quality 
(SCC count), and both fermentation process and aroma 
profile of the resulting kefir, and no information on the 
effects of DDGS on goat milk yield is available. Citrus 
pulp is the main by-product of the citrus industry that 
can be fed fresh, ensiled, or dried. Citrus pulp is used 
as a source of dietary energy, usually as a cereal grains 
replacer. In both dairy cows and sheep, the inclusion 
of dry citrus pulp (DCP) in the diet at up to 30% 
has been reported to have no negative effect on milk 
yield, fat content, and flavor in some studies (reviewed 
by Bampidis and Robinson, 2006), but in others in
clusion of DCP in the diet increased milk yield and 
fat concentration. In dairy goats, López et al. (2014) 
observed that totally replacing the dietary corn with 
DCP had no effect on milk yield but increased milk fat 
concentration, and Ibáñez et al. (2016) observed that 
dairy goats had greater fat mobilization when DCP 
completely replaced barley in the diet, although milk 
yield was not affected. 

Olive oil extraction generates a wet solid waste called 
“alperujo” that is stored in open-air ponds before be
ing destoned and dried in a process that generates a 
by-product called olive cake. Olive cake can be used in 
animal feeding or be subjected to chemical extraction 
(using hexane or other authorized food-grade solvents) 
to obtain pomace olive oil, generating exhausted olive 
cake (EOC) as a by-product (Marcos et al., 2019). This 
by-product is a fibrous material that has low nutritive 
value but is rich in polyphenols (Molina-Alcaide and 
Yáñez-Ruiz, 2008; Marcos et al., 2019); therefore, it 
might modify ruminal fermentation and improve milk 
quality. The objective of this study was to assess the 
effects of replacing conventional ingredients of a con
centrate for dairy goats with a mixture of DDGS, DCP, 
and EOC on feed intake and nutrient digestibility, milk 
yield and composition, urinary excretion of purine de
rivatives, and methane emissions. 

MATERIALS AND METHODS 

Animals used in this trial were cared for and han
dled in accordance with the Spanish guidelines for 
experimental animal protection, and all experimental 
procedures were approved by the Ethic Committee 
for Animal Experimentation of the Spanish Research 
Council and the Junta de Andalucía (approval number 
29/08/2016/145). 

Animals and Feeding 

Twelve Murciano-Granadina dairy goats producing 
1,837 ± 146.7 g of milk/d, with 51.5 ± 1.83 kg of BW 
and 12.8 ± 1.17 DIM, were divided into 2 homogeneous 
groups based on BW and milk yield at the beginning of 
the experiment. Goats were placed in individual boxes 
with free access to fresh water, and each group was 
randomly assigned to 1 of the 2 experimental diets: a 
control diet and a diet containing agroindustrial by
products (BYP) . The control diet was based on alfalfa 
hay and a high-cereal concentrate in a 50:50 ratio. The 
BYP diet was based on a 50:50 ratio of alfalfa hay and 
concentrate in which 44% of the conventional ingredi
ents (corn, barley, soybean meal, palmiste meal, and 
wheat bran) were replaced with a mixture of 180, 180, 
and 80 g of corn DDGS, DCP, and EOC/kg of concen
trate, respectively (fresh-matter basis). The ingredients 
of both concentrates and the chemical composition and 
FA profile of feeds are shown in Table 1. The diets were 
formulated to meet the N and energy requirements of 
Murciano-Granadina goats producing 2 kg of milk/d 
(Aguilera et al., 1990; Prieto et al., 1990) and were 
supplied twice a day at 0900 and 1600 h over the trial. 

Experimental Procedure and Measurements 

The experiment was conducted as a crossover design 
with 2 periods of 37 d each, comprising 21 d of adapta
tion to diets and 16 d for measurements and sampling. 
Over the trial, animals were milked once a day in the 
morning in a 1 × 10-stall milking parlor (DeLaval, 
Madrid, Spain) and were weighed at the beginning 
and end of each experimental period. On d 22 of each 
experimental period, animals were moved to individual 
metabolism crates, and after 3 d of adaptation, total 
feces and urine voided by each animal were quantita
tively collected for 5 d. Urine was collected into buckets 
containing 10% HCl (vol/vol) to keep the pH below 3 
and avoid N losses. Aliquots (10%) of urine were taken 
daily for density measurement and immediately frozen 
until analyses of N content, energy and purine deriva
tive, and creatinine concentrations. Samples (20%) of 
total fecal output were collected each day for digestibil
ity determination and stored at -20°C until chemical 
analyses. Samples of feces and urine were pooled for 
each goat to form composite samples. 

On d 30, goats were moved to floor pens, and on d 
31 approximately 20 mL of ruminal fluid was collected 
from each animal before feeding using a stomach tube 
attached to a vacuum pump. The fluid was strained 
through 4 layers of cheesecloth, the pH was immedi
ately measured, and 3 mL of ruminal fluid was mixed 



with 3 mL of 0.5 M HCl and stored frozen until NH3-N 
and VFA analyses. From d 32 to 37, 4 goats from each 
dietary treatment were sequentially placed in 4 indi
vidual open-circuit respiration chambers (1 goat per 

Table 1 . Ingredient and chemical composition of experimental 
concentrates and potential use as human food of concentrate 
ingredients 

Concentrate1 

Item Control BYP 

268 

100 
102 

— 

— 

Ingredients, g/kg as fed 
Corn 
Barley 
Wheat 
Soybean meal 
Palm meal 
Colza meal 
Wheat bran 
Corn dried distillers grains with solubles 
Dry citrus pulp 
Exhausted olive cake 
Calcium soap 
CaCO3 

NaHCO3 

NaCl 
Vitamin–mineral mixture2 

Chemical composition, g/kg as-fed basis 
DM 
OM 
C P 
NDF 
ADF 
Lignin 
Ether extract 
Total soluble polyphenols 

Fatty acids, g/100 g of total fatty acids 
C12:0 
C14:0 
C14:1 cis-9 
C16:0 
C16:1 cis-9 
C18:0 
C18:1 trans-9 
C18:1 trans-11 
C18:1 cis-9 
C18:1 cis-11 
C18:2 trans-9,trans-12 
C18:2 cis-9,cis-12 
C20:0 

Potential use of ingredients as human food,4 % 
1The control diet was based on alfalfa hay and a high-cereal concen
trate in a 50:50 ratio. The BYP diet was based on a 50:50 ratio of 
alfalfa hay and concentrate in which 44% of the conventional ingredi
ents (corn, barley, soybean meal, palmiste meal, and wheat bran) were 
replaced with a mixture of 180, 180, and 80 g of corn dried distillers 
grains with solubles, dry citrus pulp, and exhausted olive cake/kg of 
concentrate, respectively (fresh-matter basis). 
2Contained (per kg): 40 mg of Se; 250 mg of I; 80 mg of Co; 3,000 mg 
of Cu; 6,000 mg of Fe; 23.4 g of Zn; 29 g of Mn; 60 g of S; 60 g of Mg; 
2,000,000 IU of vitamin A; 400,000 IU of vitamin D3; 2 g of vitamin 
E; 10 g of nicotinic acid; and 20.3 g of choline (Nacoop SA, Madrid, 
Spain). 
3Not detected. 
4Calculated according to Wilkinson (2011). 

330 
200 
100 
122 

88 
25 25 

100 30 

— 180 

— 180 
— 80 

12.0 12.0 
10.0 10.0 

8.0 8.0 
3.0 3.0 

2.0 2.0 
894 883 
843 824 
160 174 
205 208 

75.9 85.7 
17.4 23.4 
28.2 47.0 

5.81 9.91 

7.01 0.282 
2.78 0.371 

ND3 0.001 
21.6 20.6 

0.169 0.001 
2.78 2.76 
0.077 0.004 
0.080 0.002 

26.6 34.5 
0.828 0.875 
0.004 0.009 

34.1 36.7 
0.343 0.427 

64.4 38.7 

chamber; 2 d of measurement) to measure individual 
methane emissions as described by Romero-Huelva and 
Molina-Alcaide (2013). Short methane measurement 
interruptions (10 min) occurred daily at 0900 h for 
diet supply, milking, and chamber floor cleaning, but 
they had little effect on daily methane emissions as the 
corresponding exhaust duct was not sampled during 
this period. Fluxes were determined twice per day and 
averaged to calculate the 24-h emissions. 

Individual feed and water intake was measured over 
the trial, but only values measured during the sam
pling period were used for the statistical analysis. Dur
ing the sampling period, alfalfa hay and concentrate 
refusals from each animal were weighed daily, pooled, 
and stored at -20°C until analyses. Each day of the 
sampling period, milk yield was recorded using a 0.1-
g precision balance, milk density was measured, and 
aliquots were stored at -30°C without preservatives for 
chemical analyses. 

Chemical Analyses 

Dry matter (method 934.01), ash (method 942.05), 
and ether extract (method 920.39) content in samples 
of diet ingredients and refusals and feces were analyzed 
according to AOAC International (2005). Total soluble 
polyphenols in feeds were analyzed using the Folin-
Ciocalteu assay as described by Singleton and Rossi 
(1965). The N content of diet ingredients, refusals, and 
feces and urine was determined according to the Dumas 
method using TruSpec CN equipment (Leco Corp., St. 
Joseph, MI). The analyses of NDF in diet ingredients 
and refusals were carried out according to Van Soest 
et al. (1991) using an Ankom 220 Fiber Analyzer unit 
(Ankom Technology Corp., Macedon, NY), whereas 
ADF and ADL were determined as described by 
Robertson and Van Soest (1981), and all results were 
expressed exclusive of residual ash. Energy content of 
diet ingredients, refusals, and feces and urine was deter
mined using an adiabatic calorimeter (model 1356, Parr 
Instrument Co., Moline, IL). 

The analyses of VFA and NH3-N concentrations in 
ruminal fluid were performed by gas chromatography 
and a colorimetric method, respectively, as described 
by Romero-Huelva and Molina-Alcaide (2013). Total 
solids in milk were determined by lyophilization of 
milk samples, and total N content was analyzed us
ing the Dumas method. Nonprotein N was analyzed 
in samples of milk filtrates after precipitation with 
12% (wt/vol) trichloroacetic acid solution. Noncasein 
N was determined in milk filtrates after precipitation 
with 10% (wt/vol) acetic acid at a pH of 4.1 (Recio et 
al., 1997). Values of N in milk were converted to the 
corresponding protein by multiplying by 6.38. The milk 



fat content was measured following the Gerber method 
(Pearson, 1976). 

Extraction of total FA in samples of alfalfa hay and 
concentrates was performed following the procedure of 
Folch et al. (1957), and the FA were methylated accord
ing to Kramer and Zhou (2001) with slight modifica
tions. A double methylation was carried out, first using 
NaOH/methanol at 50°C for 15 min, followed by HCl/ 
methanol at 50°C for 1 h to obtain the FAME. For 
milk FA composition analysis, FA were extracted and 
transesterified to FAME as described by Abecia et al. 
(2012). The FAME were separated and quantified us
ing a gas chromatograph (Focus GC, Thermo Scientific, 
Milan, Italy) equipped with a flame-ionization detector 
and a 100-m fused silica capillary column (0.25 mm 
i.d., 0.2-μm film thickness; SP-Supelco, Bellefonte, PA) 
and helium as the carrier gas. Total FAME profile in 
a 1-μL sample volume at a split ratio of 1:50 was de
termined using a temperature gradient program (Shin-
gfield et al., 2003). Nonadecanoic acid (C19:0; N5252, 
Sigma-Aldrich, Madrid, Spain) was used as an internal 
standard, and FAME peaks were identified by compar
ing their retention times with those of standards (47885 
U and O5632, Sigma-Aldrich; 90-1093, Larodan Fine 
Chemicals, Stockholm, Sweden). Results are expressed 
as percentage of total FAME identified. 

Methane concentrations were measured continuously 
in the air stream in each duct using an ADC MGA3000 
gas analyzer (Spurling Works, Herts, UK) as detailed 
by Romero-Huelva et al. (2017). The concentration of 
creatinine and purine derivatives (allantoine, uric acid, 
xanthine, and hipoxanthine) in urine was determined 
by HPLC following the method described by Balcells 
et al. (1992) and the equipment detailed by Romero-
Huelva et al. (2017). 

Calculations and Statistical Analyses 

Nitrogen and energy balances were calculated as 
the difference between the amount of N and energy 
ingested and that lost in urine, feces, and milk and the 
energy lost as CH4 (0.890 MJ/mol of CH4; Newbold 
et al., 2005). Milk protein N content was calculated as 
the difference between total and nonprotein N in milk, 
whereas the casein N concentration in milk was calcu
lated as the difference between total N and noncasein 
N. The amount of whey N in milk was calculated as 
the difference between milk protein and casein N. Milk 
lactose was calculated as the difference between the 
amount of TS and that of protein, fat, and total ash 
in milk. 

Data were analyzed as a mixed model using PROC 
MIXED of SAS (SAS Institute Inc., Cary, NC), in 
which the effects of diet, period, and their interaction 

were considered fixed and that of goat was considered 
random. Effects were declared significant at P < 0.05, 
and P-values between 0.05 and 0.10 were considered a 
trend. 

RESULTS AND DISCUSSION 

By-Products and Concentrates Composition 

Corn DDGS, DCP, and EOC contained (as-fed basis) 
900, 897, and 823 g of DM; 847, 840, and 741 g of 
OM; 264, 48.6, and 74.8 g of CP; 371, 179, and 464 
g of NDF; and 98.1, 32.8, and 29.1 g of ether extract 
(EE) per kilogram, respectively. Alfalfa hay contained 
(as-fed basis) 935 g of DM, 807 g of OM, 159 g of CP, 
447 g of NDF, 321 g of ADF, 74.7 g of lignin, and 12.8 
g of EE. The composition of by-products was in the 
range of previously published values for corn DDGS 
(NRC, 2001), DCP (NRC, 2001), and EOC (Molina-
Alcaide and Yáñez-Ruiz, 2008; Marcos et al., 2019). 
Both control and BYP concentrates were formulated 
to have similar CP and NDF contents, although BYP 
concentrate had slightly greater CP content compared 
with the control. In addition, EE content was greater in 
BYP concentrate due to the high EE concentration in 
DDGS. The greater content of total soluble polyphenols 
in BYP compared with the control concentrate was at
tributed to the inclusion of DCP and EOC, which have 
greater polyphenol content (17.1 and 24.2 g/kg, respec
tively, in our study) than other conventional feeds used 
in ruminant diets (Marcos et al., 2019). 

Compared with the control, BYP concentrate had 
greater content of oleic (C18:1 cis-9) and linoleic (C18:2 
cis-9,cis-12) acids and lower content of lauric (C12:0), 
myristic (C14:0), and palmitic (C16:0) acids, which 
is in agreement with previous results indicating that 
the inclusion of olive cake in the diet usually increases 
the amount of oleic acid (Molina-Alcaide et al., 2010; 
Luciano et al., 2013). Furthermore, about 80% of FA 
in DDGS are unsaturated (Pecka-Kielb et al., 2017), 
and the FA in citrus pulp are mainly oleic, linoleic, 
linolenic (C18:3), palmitic, and stearic acids (C18:0; 
Bampidis and Robinson, 2006), which might have con
tributed to the differences observed in FA profile of 
the 2 concentrates. The most abundant FA in alfalfa 
hay were palmitic, linoleic, and linolenic acids (24.7, 
21.9, and 34.6% of total FA, respectively), which is in 
agreement with previous results (Molina-Alcaide et al., 
2010; Romero-Huelva et al., 2017). 

The proportion of each by-product in the diet was 
selected from in vitro studies by our group (unpub
lished results) and from previously published in vivo 
studies (Bampidis and Robinson, 2006; Molina-Alcaide 
and Yáñez-Ruiz, 2008; Molina-Alcaide et al., 2010; 



Ibáñez et al., 2016). According to Wilkinson (2011), 
the estimated human edible proportion of ingredients 
in the concentrate was 25.7 percentage units lower 
in BYP than in control concentrate (64.4 vs. 38.7%, 
respectively; Table 1), reflecting a lower use of human-
edible foods for the BYP diet. 

Intake, Apparent Digestibility of Nutrients, 
and Energy and N Balance 

As shown in Table 2, there were no differences be
tween groups in total DM, concentrate DM, and water 
intake (P ≥ 0.17), but BYP-fed goats consumed more 
DM alfalfa hay (P = 0.04) than those fed the control 
diet. An increase in alfalfa hay was also observed by 
Romero-Huelva et al. (2017) when dairy goats were fed 
a concentrate including by-products (tomato fruits, cit
rus pulp, brewer’s grain, and brewer’s yeast) compared 
with those fed a high-cereal concentrate. Although in 
our study both concentrates had the same NDF con
centration (Table 1), the NDF of DDGS and DCP is 
rapidly degraded in the rumen and might have a lower 
effectiveness in stimulating rumination, leading to a 
greater alfalfa hay intake to supply physically effective 
fiber. Intake of CP and fat in goats fed the BYP diet 
was greater (P = 0.003 and P < 0.001, respectively) 
than that in control-fed goats, which is consistent with 
the greater CP and fat content of the BYP diet. 

There were no differences (P ≥ 0.15) between diets 
in the nutrient apparent digestibility, with the excep-

tion of fat digestibility. The greater (P = 0.002) fat 
digestibility in BYP-fed compared with control-fed 
goats could be due to differences in the FA profile of 
the diets, as DDGS fat has been reported to be highly 
digestible (Kurokawa et al., 2013). 

As there were no differences between diets in CP 
digestibility, the greater N fecal excretion in BYP-fed 
goats was expected due to their greater N intake (Table 
3). There were no differences between diets in urine 
N excretion, but milk total N, milk protein N, and 
N retained in the body (calculated as the difference 
between N intake and N excreted in feces and urine) 
tended to be greater (P ≤ 0.07) in goats fed the BYP 
diet compared with the control diet. In contrast, total 
N retained (calculated as the difference between N in
take and N excreted in feces, urine, and milk) was not 
affected (P = 0.12) by diet. Values for fecal N, urinary 
N, N retained in the body, and total retained N in 
the present study were greater than those reported by 
Romero-Huelva et al. (2017) for Murciano-Granadina 
goats fed a control diet or a diet in which the concen
trate included by-products (averaged values of 0.477, 
0.765, 1.16, and 0.706 g/kg of BW0.75, respectively). In 
another study by the same group (Romero-Huelva et 
al., 2012), values for fecal N and urinary N measured 
in Murciano-Granadina goats fed diets containing dif
ferent by-products (averaged values 0.733 and 1.39 g/ 
kg of BW0.75, respectively) were similar to those ob
served in our study, but the amount of N retained in 
the body and total N retained were greater (1.0 and 

Table 2 . Average values of feed and water intake and apparent digestibility of nutrients in dairy goats fed the 
experimental diets 

Item 

Intake, g/d 
Total DM 
Alfalfa hay 
Concentrate 
OM 
C P 
Fa t 
NDF 
ADF 

Water intake, L/d 
Apparent digestibility, g/g 

OM 
C P 
Fa t 
NDF 
ADF 

Diet1 

Control 

1,591 
710 
880 

1,482 
285 

38.5 
553 
330 

4.99 

0.757 
0.753 
0.795 
0.553 
0.522 

BYP 

1,637 
770 
883 

1,508 
311 

58.4 
577 
353 

5.18 

0.746 
0.746 
0.832 
0.572 
0.555 

SEM 

21.3 
17.6 

9.3 
19.0 

4.6 
0.50 
9.8 
7.5 
0.29 

0.0067 
0.0066 
0.0059 
0.0109 
0.0145 

P-value 

0.17 
0.042 
0.83 
0.37 
0.003 

<0.001 
0.12 
0.07 
0.65 

0.27 
0.48 
0.002 
0.26 
0.15 

1The control diet was based on alfalfa hay and a high-cereal concentrate in a 50:50 ratio. The BYP diet was 
based on a 50:50 ratio of alfalfa hay and concentrate in which 44% of the conventional ingredients (corn, bar
ley, soybean meal, palmiste meal, and wheat bran) were replaced with a mixture of 180, 180, and 80 g of corn 
dried distillers grains with solubles, dry citrus pulp, and exhausted olive cake/kg of concentrate, respectively 
(fresh-matter basis). 



0.551 g/kg of BW0.75, respectively). The lower values 
observed in our study would indicate an inefficient use 
of dietary N, possibly caused by an excess of RDP, 
as indicated by the high excretion of N in urine that 
was 52.8 and 46.1% of total N intake for control and 
BYP diets, respectively. The CP content in the present 
study was chosen to represent the CP content used in 
practice in the feeding of high-producing dairy goats, 
although lower CP levels were used in the previously 
cited studies. In addition, the different lactation stages 
of the animals in the different trials [middle lactation 
in the study of Romero-Huelva et al. (2012, 2017) and 
early lactation in the present one] could help explain 
the observed differences. 

The lack of differences (P ≥ 0.48) between diets in 
any parameter of N utilization indicates that the inclu
sion of DDGS, DCP, and EOC in the concentrate did 
not affect negatively the efficiency of N utilization. In 
addition, the BYP diet tended (P = 0.10) to increase 
the N retained in the body/digestible N ratio, which 
is in agreement with the numerically lower weight loss 
observed in BYP-fed goats (Table 3). 

There were no differences (P ≥ 0.11) between diets 
in gross energy intake, fecal and urinary energy losses, 
and intake of digestible and ME energy (Table 3). In 
contrast, milk energy (expressed either as MJ/kg of 
BW0.75 or as a proportion of both digestible and ME 
energy intake) was greater (P ≤ 0.04) in BYP-fed goats 

Table 3 . Average BW and BW change over the trial and values of N and energy utilization in dairy goats fed 
the experimental diets 

Item 

BW, kg 
BW change, kg 
BW0.75 

Measured as g/kg of BW0.75 

N intake 
Fecal N 
Urine N 
Milk total N 
Milk protein N 
Digestible N2 

N retained in body3 

Total N retained4 

N utilization, g/g 
Digestible N/intake N 
N retained in body/digestible N 
Milk protein N/digestible N 
Milk protein N/milk total N 
Milk protein N/intake N 

Measured as MJ/kg of BW0.75 

Gross energy intake 
Fecal energy 
Urine energy 
Milk energy 
Digestible energy intake5 

ME intake6 

Energy utilization, M J / M J 
Digestible energy/energy intake 
Milk energy/digestible energy 
Milk energy/ME 
ME/energy intake 
ME/digestible energy 

Diet1 

Control 

44.8 
-6 .78 
17.3 

2.65 
0.655 
1.40 
0.569 
0.494 
2.00 
0.594 
0.025 

0.753 
0.284 
0.252 
0.868 
0.189 

1.73 
0.432 
0.073 
0.393 
1.30 
1.14 

0.751 
0.307 
0.349 
0.661 
0.881 

BYP 

45.8 
-5 .86 
17.6 

2.84 
0.724 
1.31 
0.615 
0.535 
2.12 
0.829 
0.218 

0.746 
0.377 
0.256 
0.869 
0.190 

1.73 
0.461 
0.082 
0.428 
1.27 
1.12 

0.735 
0.338 
0.388 
0.642 
0.874 

SEM 

0.60 
0.453 
0.18 

0.051 
0.0228 
0.056 
0.0145 
0.0129 
0.049 
0.0811 
0.0788 

0.0066 
0.0360 
0.0076 
0.0035 
0.0047 

0.027 
0.0130 
0.0036 
0.0102 
0.024 
0.024 

0.0064 
0.0085 
0.0104 
0.0070 
0.0035 

P-value 

0.29 
0.18 
0.24 

0.031 
0.06 
0.27 
0.06 
0.06 
0.10 
0.071 
0.12 

0.48 
0.10 
0.74 
0.82 
0.81 

0.98 
0.15 
0.11 
0.042 
0.51 
0.45 

0.11 
0.031 
0.030 
0.09 
0.24 

1The control diet was based on alfalfa hay and a high-cereal concentrate in a 50:50 ratio. The BYP diet was 
based on a 50:50 ratio of alfalfa hay and concentrate in which 44% of the conventional ingredients (corn, bar
ley, soybean meal, palmiste meal, and wheat bran) were replaced with a mixture of 180, 180, and 80 g of corn 
dried distillers grains with solubles, dry citrus pulp, and exhausted olive cake/kg of concentrate, respectively 
(fresh-matter basis). 
2Digestible N = N intake - fecal N. 
3N retained in body = N intake - fecal N - urine N. 
4Total N retained = N intake - fecal N - urine N - milk total N. 
5Digestible energy = energy intake - fecal energy. 
6ME = digestible energy - urine energy - methane energy. A value of 0.890 MJ/mol of methane (Newbold et 
al., 2007) was used for calculations. 



Table 4 . Average values of milk yield and composition and feed efficiency in dairy goats fed the experimental 

diets 

Item 

Milk yield, g/d unless noted 
Milk 
Fa t 
Protein 
Casein 
Whey protein 
Lactose 
TS 
Gross energy, MJ /d 

Milk composition, g/kg unless noted 
Fa t 
Protein 
Casein 
Whey protein 
Lactose 
TS 
Gross energy, MJ/kg 

Feed efficiency2 

1The control diet was based on alfalfa hay and a high-cereal concentrate in a 50:50 ratio. The BYP diet was 
based on a 50:50 ratio of alfalfa hay and concentrate in which 44% of the conventional ingredients (corn, bar
ley, soybean meal, palmiste meal, and wheat bran) were replaced with a mixture of 180, 180, and 80 g of corn 
dried distillers grains with solubles, dry citrus pulp, and exhausted olive cake/kg of concentrate, respectively 
(fresh-matter basis). 
2Efficiency of feed utilization; feed efficiency = (milk energy/energy intake) × 100. 

Diet1 

Control 

1,967 
91.0 
62.6 
39.2 
22.9 

102 
269 

6.77 

45.8 
31.8 
20.0 
11.6 
52.1 

137 
3.44 

23.1 

BYP 

2,123 
102 

68.9 
42.8 
25.5 

109 
298 

7.50 

47.8 
32.9 
20.5 
12.0 
52.9 

141 
3.53 

24.8 

SEM 

49.5 
2.8 
1.71 
1.42 
0.51 
3.4 
7.6 
0.202 

1.00 
0.26 
0.31 
0.26 
0.67 
1.4 
0.054 
0.62 

P-value 

0.06 
0.025 
0.031 
0.11 
0.007 
0.17 
0.028 
0.033 

0.20 
0.026 
0.38 
0.22 
0.44 
0.10 
0.25 
0.08 

compared with those fed the control diet, suggesting an 
improvement of the efficiency of energy utilization in 
BYP-fed goats. 

Milk Yield and Composition 

Milk yield tended to be greater (P = 0.06) and the 
daily production of milk fat, protein, whey protein, and 
TS as well as milk gross energy was greater (P ≤ 0.03) 
for goats fed the BYP diet compared with those fed the 
control diet. In agreement with our results, the inclu
sion of 600 g of DCP/kg in the diet of dairy goats has 
been reported to have no negative effect on milk yield 
and to increase the production of milk fat (López et al., 
2014; Ibáñez et al., 2016). Milk yield response to DDGS 
inclusion in the diet has also been positive in dairy 
cows (Hollmann et al., 2011), and an increase in milk 
protein and lactose yield has been reported in several 
studies (Anderson et al., 2006; Kleinschmit et al., 2006; 
Janicek et al., 2008). In contrast, no effect on milk yield 
was observed in sheep fed 20% of DDGS (Pecka-Kielb 
et al., 2017), and even a reduction in milk protein, fat, 
and TS has been observed by Radunz et al. (2011). The 
results of the influence of olive cake feeding on milk 
yield and composition are also controversial. Chiofalo 
et al. (2004) reported an increase in milk yield when in
cluding 200 g of olive cake/kg in the diet of dairy ewes, 
but Vargas-Bello-Pérez et al. (2013) observed no effect 

on milk yield by including up to 250 g of olive cake/kg 
in dairy ewes, and Molina-Alcaide et al. (2010) found a 
decrease in milk yield in goats that received a diet with 
120 g of olive cake/kg. The variable composition of ol
ive cake, especially in sugar and fat contents (Marcos et 
al., 2019), can explain these contrasting results. 

The gross energy in milk observed for BYP-fed goats 
(Table 4) is consistent with the greater proportion of 
digestible ME used for milk production (Table 3), which 
would indicate a greater energy efficiency for milk pro
duction. In fact, feed efficiency tended (P = 0.08) to 
be higher in goats fed the BYP diet. Overall, there 
was no difference in milk composition between the 2 
diets, except the greater (P = 0.03) protein content 
obtained with the BYP diet compared with the control 
diet (Table 4), which is consistent with the trend (P = 
0.10; Table 3) for greater digestible N in these goats. 

The FA profile of goat milk is affected by the FA and 
chemical composition of the diet (Vasta et al., 2008). 
Total saturated FA in milk from goats fed the BYP diet 
were significantly lower (P = 0.04) compared with the 
control diet (Table 5), but there were differences among 
individual SFA in response to diet. Compared with milk 
from control goats, concentrations of C14:0 were lower 
(P = 0.01) and those of C12:0 and C16:0 tended to be 
lower (P = 0.08 and 0.05, respectively) in the milk from 
BYP-fed goats, whereas goats fed BYP had greater (P 
= 0.002) concentrations of stearic acid. These results 



indicate a potentially healthier profile of the milk from 
BYP-fed goats, as C12:0, C14:0, and C16:0 are ath-
erogenic and have been related to an increase in total 
and low-density lipoprotein cholesterol concentrations 
(Williams, 2000), whereas C18:0 is considered to have 
no effect on cholesterol values. There was no difference 
(P ≥ 0.63) between diets in any branched-chain FA 
(C15:0 iso, C17:0 iso, and C18:0 anteiso). In agreement 
with our results, Cais-Sokolińska et al. (2019) observed 
an increase in stearic acid concentration in the milk of 
dairy goats when DGGS were included in the diet at a 
rate of 120 g/kg, but no information on shorter chain 
FA was reported in their study. Ibáñez et al. (2016) 
reported no effect of including 600 g of DCP/kg of diet 
in the concentration of C4 to C15 FA in goat milk. 

Olive cake is characterized by a high MUFA content, 
especially of oleic acid (Chiofalo et al., 2004), and its 
inclusion in the diet of dairy ewes has been shown to 
reduce SFA and increase MUFA content in milk (Chio-
falo et al., 2004; Vargas-Bello-Pérez et al., 2013). In our 
study, milk from BYP-fed goats tended (P = 0.08) to 
have greater total MUFA content, but there were differ
ences in the individual FA. Concentrations of 9-hexa-
decanoic acid (C16:1 trans-9) and elaidic acid (C18:1 
trans-9) were greater (P = 0.004 and 0.04, respectively) 
and those of oleic acid (C18:1 cis-9) and 11-octadec-
enoic acid (C18:1 cis-11) tended to be greater (P ≤ 
0.086) in milk from goats fed the BYP diet compared 
with the control diet, with no differences in the other 
MUFA analyzed. The intake of trans FA is considered 

Table 5 . Average values of fatty acid (FA) composition (g/100 g of identified FA) in milk fat from dairy goats 
fed the experimental diets 

Item 

C4:0 
C6:0 
C8:0 
C10:0 
C12:0 
C14:0 
C15:0 iso 
C16:0 
C17:0 iso 
C18:0 
C18:0 anteiso 
C20:0 
Total SFA 

C14:1 cis-9 
C16:1 cis-9 
C16:1 trans-9 
C18:1 cis-92 

C18:1 trans-9 
C18:1 cis-11 
C18:1 trans-11 

Total MUFA 
C18:2 cis-9,cis-12 
C18:2 cis-9,trans-11 
C18:3 cis-6,cis-9,cis-12 
C18:3 cis-9,cis-12,cis-15 
C20:5 cis-5,cis-8,cis-11,cis-14,cis-17 
C22:6 cis-4,cis-7,cis-10,cis-13,cis-16,cis-19 

Total PUFA 
According to origin3 

<16 carbon 
16 carbon 
>16 carbon 
n-3/ n-6 

Die 

Control 

2.44 
2.97 
3.53 

11.5 
4.76 
9.95 
0.131 

28.7 
0.374 
7.76 
0.363 
0.186 

74.7 
0.123 
0.691 
0.092 

18.3 
0.322 
0.438 
1.333 

21.3 
2.42 
0.540 
0.046 
0.326 
0.083 
0.011 
3.90 

36.4 
29.7 
33.8 

0.148 

t1 

BYP 

2.65 
3.09 
3.60 

10.9 
3.98 
8.34 
0.127 

26.8 
0.359 
9.05 
0.382 
0.152 

71.5 
0.117 
0.728 
0.165 

20.4 
0.369 
0.509 
1.311 

23.6 
2.96 
0.938 
0.039 
0.318 
0.087 
0.013 
4.85 

33.9 
27.8 
38.3 

0.111 

SEM 

0.042 
0.058 
0.080 
0.24 
0.167 
0.164 
0.0059 
0.36 
0.0143 
0.084 
0.0185 
0.0260 
0.51 
0.0086 
0.0098 
0.0062 
0.46 
0.0076 
0.0158 
0.1096 
0.48 
0.038 
0.0260 
0.0021 
0.0070 
0.0055 
0.0007 
0.052 

0.70 
0.35 
0.56 
0.0029 

P-value 

0.07 
0.36 
0.70 
0.32 
0.08 
0.008 
0.78 
0.05 
0.64 
0.002 
0.63 
0.56 
0.035 
0.76 
0.13 
0.004 
0.09 
0.036 
0.09 
0.93 
0.08 
0.002 
0.002 
0.17 
0.62 
0.76 
0.24 
0.001 

0.14 
0.05 
0.016 
0.003 

1The control diet was based on alfalfa hay and a high-cereal concentrate in a 50:50 ratio. The BYP diet was 
based on a 50:50 ratio of alfalfa hay and concentrate in which 44% of the conventional ingredients (corn, bar
ley, soybean meal, palmiste meal, and wheat bran) were replaced with a mixture of 180, 180, and 80 g of corn 
dried distillers grains with solubles, dry citrus pulp, and exhausted olive cake/kg of concentrate, respectively 
(fresh-matter basis). 
2Contains C18:1 trans-12 and C18:1 cis-10 as minor components. 
3<16-carbon FA represent de novo synthesized FA, >16-carbon FA represent preformed FA taken up from 
circulation, and 16-carbon FA are derived from both sources. 



a risk factor for coronary heart disease and diabetes in 
consumers (Salmerón et al., 2001), but oleic acid is con
sidered a beneficial FA for human health (Dewhurst et 
al., 2006). The content of vaccenic acid (C18:1 trans-11) 
was similar for both diets, and values were greater than 
those reported for goat milk in previous studies (0.95 
g/100 g of total FA identified; Molina-Alcaide et al., 
2010; Ibáñez et al., 2016; Romero-Huelva et al., 2017). 
As discussed by Ibáñez et al. (2016), greater vaccenic 
acid contents seem to be positively correlated with 
negative energy balances in goats and cows. 

Finally, total PUFA content in milk from BYP-fed 
goats was 24.4% greater (P = 0.001) compared with 
milk from control-fed goats, and, more specifically, 
concentrations of linoleic acid (C18:2 cis-9,cis-12) and 
rumenic acid (CLA; C18:2 cis-9,trans-11) were 22.3 
and 73.7% greater, respectively, in milk from goats 
fed the BYP diet compared with milk from goats fed 
the control diet. No differences (P ≥ 0.17) between 
diets were observed in the rest of the PUFA identi
fied. The PUFA are considered healthy for humans 
and numerous health benefits have been attributed 
to those FA. In particular, the intake of CLA (Banni 
et al., 2003; Parodi, 2009) has been negatively related 
to the risk of colorectal cancer (Larsson et al., 2005); 
its antimutagenic properties are attributed mainly to 
rumenic acid (Lock et al., 2004). The increase in PUFA 
concentrations observed in milk from BYP-fed goats is 
in agreement with previous studies reporting increases 
in PUFA, especially rumenic and linoleic acids, when 
DDGS (Cais-Sokolińska et al., 2015, 2019) and DCP 
(Ibáñez et al., 2016) replaced high-starch sources in the 
diet of dairy goats. Differences in milk FA profile can 
be due to differences in FA intake but also to other 
factors, such as the intake of energy (Leiber et al., 
2005) or plant secondary compounds that can influence 
the biohydrogenation of UFA in the rumen (Vasta et 
al., 2008). Altogether, these results indicate that BYP 
feeding changed milk fat quality. 

No differences between diets were observed in milk 
content of <16C FA, but C16 FA tended (P = 0.05) 
to be greater in milk from control-fed goats. The con
centration of >16C FA was 14.8% greater (P = 0.02) 
in milk from goats fed the BYP diet compared with 
the control diet, which would indicate that a greater 
proportion of FA was taken up directly by the mam
mary gland, and therefore a greater amount of PUFA 
reached the small intestine without being biohydroge-
nated in the rumen. Finally, feeding BYP decreased (P 
= 0.003) the Σn-3:Σn-6 ratio in milk by 25% compared 
with the control diet. In agreement with our results, 
Cais-Sokolińska et al. (2019) observed a reduction in 
the Σn-3:Σn-6 ratio (from 0.171 to 0.091) in the milk 
of dairy goats by including 120 g of DDGS/kg of diet. 

Increasing this ratio in the diet has been considered fa
vorable for human health (Simopoulos, 2002), although 
some limitations have arisen when considering the ratio 
between these 2 families of PUFA (Marventano et al., 
2015). 

Ruminal Fermentation, Methane Emissions, 
and Purine Derivatives Excretion 

There was no effect of diet (P ≥ 0.33) on pH, total 
VFA and NH3 concentrations, and VFA profile (Table 
6). Low VFA concentrations and greater pH values are 
often obtained when rumen content is collected through 
stomach tubing instead of a rumen cannula (Ramos-
Morales et al., 2014). The values observed in our study 
were similar to those obtained in other studies in 
Murciano-Granadina goats receiving similar diets and 
using the same sampling procedure (Romero-Huelva et 
al., 2012, 2017). Protein of DDGS has been reported 
to have lower degradability than other protein sources 
commonly used in ruminant feeding (NRC, 2001; 
Benchaar et al., 2013), but NH3-N concentrations in 
the rumen were adequate for microbial growth with 
both diets (Firkins et al., 2007). 

As shown in Table 6, there were no differences (P ≥ 
0.66) in methane emissions between diets, indicating the 
lack of antimethanogenic compounds in the BYP diet. 
In agreement with our results, López et al. (2014) and 
Ibáñez et al. (2016) reported no effect of DCP on meth
ane production by dairy goats. In contrast, Benchaar 
et al. (2013) observed a reduction in methane emissions 
when DDGS were fed to dairy cows, and Pecka-Kielb et 
al. (2017) observed the same effect in sheep. Benchaar 
et al. (2013) attributed this antimethanogenic effect to 
a decrease in the fiber degradation in the rumen caused 
by the high EE content of DDGS, but in our study 
the EE content of BYP concentrate (47.0 g/kg; Table 
1) was below the fat level recommended in the diet 
of ruminants to avoid reductions in fiber degradability 
(NRC, 2001). The lack of differences between diets in 
both NDF digestibility (Table 2) and VFA profile (Ta
ble 6) supports the absence of any antimethanogenic 
compound in the BYP diet. In contrast, several studies 
(Romero-Huelva et al., 2017, 2012) have reported a 
decrease in methane emissions when other by-products, 
such as tomato wastes, were included in the diet. 

The greater (P = 0.003) values of urinary excretion 
of creatinine observed in the control goats than in 
the BYP goats are in agreement with the numerically 
greater BW loss of these goats (Table 3), as creatinine 
is a metabolic product of creatine and phosphocreatine, 
both of which are found almost exclusively in muscle 
(van Niekerk et al., 1963). Feeding the BYP diet de
creased the urinary excretion of allantoin (P = 0.05) 



Table 6. Average values of ruminal fermentation parameters, methane emissions, daily urinary excretion of 

creatinine and purine derivatives, and estimated microbial N flow in dairy goats fed the experimental diets 

Item 

Ruminal fermentation parameters 
pH 
Total VFA, mM 
Molar proportions, mmol/100 mol 

Acetate 
Propionate 
Butyrate 
Minor VFA2 

Acetate/propionate 
NH3, mg/100 mL 

Methane emissions 
CH4, L/d 
CH4, L/kg of DMI 
CH4, L/kg of BW0.75 

Urinary excretion, mmol/d 
Creatinine 
Allantoin 
Hypoxanthine 
Xanthine 
Uric acid 
Total purine derivatives3 

Diet 

Control 

6.94 
70.1 

65.6 
11.2 
14.6 

8.54 
6.07 

12.6 

36.7 
21.7 

2.21 

5.69 
9.04 
0.298 
0.112 
2.65 

12.1 

1 

BYP 

6.93 
74.1 

66.6 
12.9 
12.5 

7.97 
5.52 

11.0 

34.4 
20.7 

2.06 

3.50 
7.19 
0.367 
0.117 
2.23 
9.90 

SEM 

0.063 
13.67 

1.34 
1.21 
1.45 
1.184 
0.644 
1.47 

3.52 
1.89 
0.220 

0.400 
0.576 
0.0697 
0.0124 
0.175 
0.770 

P-value 

0.90 
0.84 

0.62 
0.35 
0.33 
0.74 
0.56 
0.45 

0.66 
0.71 
0.66 

0.003 
0.05 
0.50 
0.80 
0.11 
0.07 

1The control diet was based on alfalfa hay and a high-cereal concentrate in a 50:50 ratio. The BYP diet was 
based on a 50:50 ratio of alfalfa hay and concentrate in which 44% of the conventional ingredients (corn, bar
ley, soybean meal, palmiste meal, and wheat bran) were replaced with a mixture of 180, 180, and 80 g of corn 
dried distillers grains with solubles, dry citrus pulp, and exhausted olive cake/kg of concentrate, respectively 
(fresh-matter basis). 
2Calculated as the sum of isobutyrate, isovalerate, and valerate. 
3Calculated as the sum of allantoin, hypoxanthine, xanthine, and uric acid. 

and tended to decrease (P = 0.07) the excretion of total 
purine derivatives, which would indicate a lower mi-
crobial protein synthesis in BYP-fed goats, as urinary 
excretion of purine derivatives is used as an index of ru-
minal microbial protein synthesis (Balcells et al., 1991). 
The low ruminal degradability of DDGS protein might 
have caused a deficit of RDP in BYP concentrate, but 
NH3-N and minor VFA concentrations measured in the 
rumen do not support this hypothesis, as both values 
were adequate for optimal microbial growth (Firkins et 
al., 2007; Zhang et al., 2013). For both diets, ratios of 
creatinine/allantoin and creatinine/total purine deriva
tives were in the range of values previously reported for 
goats (Romero-Huelva et al., 2017). 

CONCLUSIONS 

A mixture of corn DDGS, DCP, and EOC could 
replace 44% of cereal grains and protein feeds in the 
concentrate for dairy goats without compromising nu
trient utilization or ruminal fermentation and resulted 
in greater milk fat and protein production as well as 
a more unsaturated milk FA profile. The use of these 
by-products did not affect methane emissions but can 
reduce the negative environmental impact associated 

with their disposal. Our results indicate that the CP 
content in the diets used in our study was in excess of 
goat requirements. 
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