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Abstract: Coffee is one of the main traded commodities worldwide, unfortunately, it generates mas-
sive amounts of by-products like coffee pulp (CoP), which could be utilized as an alternative 
feedstuff for cattle contributing to mitigate coffee production environmental damage. The objective 
of this work was to evaluate the effect of increasing levels of CoP supplementation on milk produc-
tion, milk composition, and grass dry matter intake (GDMI) by dual-purpose tropical cows. A 4 × 4 
Latin square experimental design was conducted, where four multiparous dual-purpose Holstein x 
Cebu cows with an average live weight of 477 ± 7 kg and milk yield of 12.1 ± 2.7 kg/d were used. 
The cows grazed 10 h/d on a Cynodon plectostachius sward with a stocking rate of three cows/ha. All 
cows received 6 kg/d DM of an experimental concentrate (EC), and the treatments consisted of four 
supplementation levels of CoP: T1 = 0, T2 = 0.6, T3 = 0.9, and T4 = 1.2 kg DM/d, which was provided 
on top of the concentrate and mixed with the EC. Grass intake was determined by the n-alkanes 
technique. A significant difference was observed for the average total daily DM intake (p < 0.02). No 
significant differences (p > 0.05) were observed for milk yield, milk composition, body weight, and 
GDMI for all the inclusion levels of CoP. It was concluded that CoP can be included at levels of 0.6 
to 0.9 kg DM/d in the diets of cows without compromising milk yield or GDMI.  

Keywords: coffee pulp; Cynodon plectostachius; milk composition; tannins; polyphenols; by-pass 
protein; sustainable cattle production; local feed resources; coffee waste products; substitution rate 
 

1. Introduction 
Coffee (Coffea arabica) is one of the largest traded commodities in the world, ranked 

second, just after crude oil, among all commodities [1]. For example, in 2018, coffee world 
production was 9.50 million tons [2]. Approximately sixty tropical and subtropical coun-
tries produce coffee extensively, being for some of them the main agricultural export 
product [3]. Mexico is the seventh coffee producer in the world with more than 700,000 ha 
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cultivated by 280,000 farmers [4], most of which are mixed smallholder–crop–livestock 
farmers. It is estimated that 25 million smallholders worldwide depend on coffee produc-
tion as their main source of income, that the incidence of poverty among them is high, and 
that the coffee trade has been identified as a major cause of biodiversity threats in tropical 
countries [5]. It also frequently overlooks the fact that coffee production generates massive 
amounts of waste and by-products, which do not undergo environmentally safe disposal. 
Coffee pulp (CoP) is the first by-product obtained during processing and represents 29 to 
50% dry weight of the whole berry. In coffee-producing countries, coffee waste and by-
products constitute a source of severe contamination and pose environmental problems 
because of the unsafe disposal of massive amounts of CoP, husk, and effluents leading to 
the pollution of water, rivers, lakes, and land around the processing units [6,7]. For exam-
ple, it is estimated that the world production of fresh CoP was approximately 4.7 million 
tons in 2017 because for every two tons of coffee produced, one ton of CoP is obtained [8]. 
Therefore, there is a need to balance coffee production with the proper management and 
utilization of coffee by-products because a sustainable coffee industry is still a challenge. 
Industrial processing of coffee cherries is done to separate coffee beans by removing the 
shell and mucilaginous part from the cherries. During this process, the CoP is obtained, 
representing 29% of the dry weight of the coffee cherry [8]. The CoP could be used as a 
supplement to feed cattle, contributing in this way to reducing the pollution generated by 
coffee processing. However, large-scale utilization and management of CoP as livestock 
feedstuff around the world remain a challenge due to its moderate content of caffeine, free 
phenols, and tannins, which are known to be toxic in large quantities to many life pro-
cesses [9] including the rumen microbiota [10]. However, we suggest that low to medium 
supplementation levels of CoP can be safely used without negative effects on animal per-
formance. Coffee pulp is rich in soluble carbohydrates (35%), fiber (30.8%), and minerals 
(10.7%), but low in protein (5.2%) [3], and it also contains moderate amounts of tannins 
(1.8–8.5%), polyphenols (0.8–1.2%), and caffeine (1.3%) [11]. 

Recently, the use of some coffee by-products like spent coffee ground has been eval-
uated as a supplement for Holstein dairy cows with no negative effects on milk yield or 
fat content, and only a negligible decrease in crude protein content in milk (by 1.8%) when 
supplemented at a dose of 5% of the daily dry matter intake [1]. Early studies where CoP 
was incorporated into diets for cattle had variable success [12,13]. Limitations for the use 
of CoP in cattle feeding are connected to its moderate content of tannins and caffeine [14], 
which can affect animals when fed at high rates. Tannins are generally considered to be 
anti-nutritional compounds and restrict CoP from being used at more than 10% level in 
animal feeds [6]. Tannins can affect the acceptance of food and the utilization of nutrients 
by the animal; Nurfeta [12] mentioned that tannins and caffeine in the feedstuff and forage 
of cattle could decrease the acceptability and palatability of CoP of this by-product, while 
Negesse et al. [15] and Nauman et al. [16] indicated that phenolic compounds in the CoP 
can form insoluble structures with proteins and depress the digestibility of the organic 
matter (OM) and the crude protein (CP) in the cattle’s diet. In contrast, CoP contains pro-
teins, carbohydrates, and minerals that can favor its utilization in cattle feeding if used at 
low supplementation rates or if treated to reduce the concentration of polyphenols [11]. 
Moreover, Souza et al. [13] theorized that due to its conservative concentration of tannins 
and polyphenols, CoP can be used in the ruminants’ diets because tannins can positively 
modulate ruminal fermentation and preserve the feed’s protein from degradation by the 
ruminal microbiota, thereby improving animal production and serve as a sustainable way 
of CoP disposal. More recent evidence suggests that CoP could be an important source of 
valuable metabolites such as phenolic compounds with antioxidant properties and hence 
could be considered as a new potential functional ingredient [6], provided that these com-
pounds can be secreted in the milk of cows fed CoP. Some early evidence in this direction 
was provided by Dowden [17], who identified low concentrations of theobromine in the 
milk of cows fed with cacao shells. Recently, Trana et al. [18] and Bonanno et al. [19] 
demonstrated that phenols from the diet can be transported to serum and milk confirming 
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Dowden’s [17] findings. The use of CoP could also serve to reduce cattle feeding costs 
because these represent a large part of all production costs in most cattle farms. According 
to Alqaisi et al. [20], feed is the costliest part of dairy cattle production, normally repre-
senting 50–70% of all milk production costs [20]. Similarly, López et al. [21] reported that 
cattle feeding costs for smallholder dairy farmers in central Mexico ranged from 83% to 
93% of total production costs. Therefore, the use of CoP in these systems may contribute 
to reducing feeding costs and the purchase of external inputs, revalorize a by-product 
currently considered as waste, and help to reduce the pollution originating from coffee 
production and processing.  

Despite the potential benefits of the use of CoP as cattle feed, few studies have been 
conducted to look at the effect of this by-product on milk yield, milk composition, grass 
intake, and total dry matter intake in dual-purpose cows grazing tropical grasses. There-
fore, the objective of the present study was to evaluate the effect of increasing supplemen-
tation levels of coffee pulp on milk yield, milk composition, and grass dry matter intake 
by dual-purpose cows grazing on a tropical grass species to find an appropriate supple-
mentation rate.  

2. Materials and Methods 
The present study was carried out in the municipality of Tejupilco in the southern 

tropical region of central Mexico (18°45′30″N and 99°59′ 07″W), with an altitude of 1327 
m. The climate is tropical subhumid, the average temperature is 24 °C, and rainfall of 1014 
mm, where the rainy season is from June to November. Smallholder dual-purpose cattle 
production systems predominate in the region. These systems are characterized by small 
herds of dual-purpose cattle of up to 20 adult cows, where crosses between Holstein or 
Brown Swiss cattle with Cebu type of cattle predominate. The average milk yield is 10.5 
kg/d/cow, and most of it is supported by concentrate supplementation because every cow 
is fed an average of 7.2 kg DM/d of commercial concentrate. Concentrate purchase repre-
sents up to 60% of production costs and represents the most important constraint to milk 
production in the system. The size of the farms ranges from 7 to 27 ha, most of which is 
planted with African star grass that is grazed by cattle during 8–10 h/d [22]. Coffee pro-
duction is also an important activity in the Tejupilco municipality and its neighboring 
municipalities, Amatepec and Temascaltepec, where 475 ha of coffee (Coffea arabica L.) are 
cultivated annually [23]. 

2.1. Experimental Procedures 
All experimental procedures were approved by the Committee on Bioethics and An-

imal Welfare of the Universidad Autónoma del Estado de México (UAEM), and no suf-
fering was inflicted on the experimental animals. All the cows were dosed for gastrointes-
tinal parasites before the experiment and were free of any health problems. Sun-dried CoP 
necessary for the experiment was obtained locally. The experiment was conducted in a 
smallholder experimental dairy farm from April to July 2014. A 4 × 4 Latin square exper-
imental design was used in the present work. Four adult crossed Holstein-Cebu cows of 
similar milk yield and live weight were used. All cows had 100 ± 10 d of lactation. Their 
mean body weight at the start of the experiment was 477 ± 7 kg, and their average milk 
yield was 12.1 ± 2.7 kg/d. The experiment had a duration of 104 days, divided into four 
experimental periods of 26 days each (P1, P2, P3, and P4). The first 20 days of each period 
were used for diet adaptation and to wash out any carry-over effects from the previous 
treatment. The last six days were used for measuring milk yield, milk composition, and 
collecting samples of feces and feeds. The cows were milked twice daily and the milk 
weighed with a portable weight scale. The body weight was measured at the beginning 
and the end of each experimental period with a portable load-bars weight (Gallagher 
weighing system model W310, New Zealand). The body condition score (BCS) was rec-
orded every week as in DEFRA [24]. Additionally, samples of milk were taken from each 
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cow during the measuring week and tested in the laboratory to determine their fat, pro-
tein, and total solids content with an ultrasonic milk analyzer (EKOMILK, EON Trading 
LLC, Stara Zagora, Bulgaria). The cows remained for 10 h/d in a sward dominated by 
African Star grass (Cynodon plectostachius), and the stocking rate was three cows per hec-
tare. An average of ten hours is the time farmers allocate for grazing their animals [22], 
insecurity problems prevent them from allowing larger periods of grazing or to remain 24 
h in the swards. Every cow received six kilograms per day of an experimental concentrate 
composed of 81% grounded maize grains (Zea mays L.), 10% canola cake (Brassica napus 
L.), 7% molasses, and 2% urea.  

2.2. Treatments 
Four increasing supplementation levels of sun-dried CoP were tested, TI = 0, T2 = 0.6, 

T3 = 0.9, and T4 = 1.2 kg CoP DM/animal/d. The CoP was fed on top of the basal diet. To 
facilitate the intake of the CoP by the animals, it was added and blended with the six 
kilograms of concentrate just before feeding and administered during the afternoon milk-
ing to prevent refusal by the animals. Each cow received each CoP level, once in each of 
four periods. 

2.3. Sward Measurements 
To evaluate the effect of CoP on grass dry matter intake (GDMI), the net forage accu-

mulation (NFA) and sward height were measured during the four experimental periods. 
The method described by Avilés-Nova et al. [25] was used to estimate NFA, briefly: four 
exclusion cages of 0.72 m2 × 1.0 m height per hectare were placed at random on the star 
grass sward and five grass height measurements were randomly carried out next to the 
cage, making sure the characteristics of the pasture to be measured were similar to those 
of the area excluded by the cage. The forage next to the cage was cut using a 0.25 m² quad-
rant using sheep shears. On day 26 the cage was removed and five height measurements 
were carried out inside the exclusion cage area and the forge was cut down to ground 
level using the same quadrant. NFA was calculated using Equation (1). 

NFA (kg DM/ha) = [(Initial average weight of available dry matter inside the cage on day 0 − Final aver-
age weight of dry matter inside the cage on day 28) * 40,000] 

(1)

2.4. Grass Dry Matter Intake Estimation 
The n-alkanes extraction technique proposed by Dove and Mayes [26] was used to 

measure GDMI by the experimental cows. Starting on day 10 of each experimental period, 
every cow received 500 mg/day of N-alkane C32, which was impregnated in 50 g of the 
experimental concentrate and dosed in one daily dose mixed with the experimental con-
centrate during the afternoon milking as in Estrada et al. [27]. Extraction of alkanes was 
conducted as in Mayes et al. [28] and grass intake was calculated using Equation (2).  GDMI = 𝐷𝑗 ×  ቀ𝐹𝑗 𝐹𝑖ൗ ቁ / ቀ𝐻𝑖 − ቀ𝐹𝑗 𝐹𝑖ൗ ቁ ∗ 𝐻𝑗ቁ (2)

where GDMI = grass dry matter intake (kg DM/d); Dj = daily dose of n-alkane adminis-
tered C32 (mg/d); Fi:Hi = concentrations of odd-chain n-alkanes in forages and feces 
(mg/kg of DM); Fj:Hj = concentrations of even-chain n-alkanes in feces and forages (mg/kg 
of DM). 

2.5. Chemical Analysis of African Star Grass, Concentrate, and Coffee Pulp 
Samples of grass for chemical analyses were obtained by hand plucking for every 

experimental period, and the samples were collected close to the areas grazed by the cows 
and at similar bite height. The samples were dried in an air forced oven at 60 °C until 
constant weight. Grass and experimental concentrate samples were then ground up and 
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analyzed for dry matter, ashes, and organic matter content. Nitrogen content was ob-
tained using the Kjeldahl method, then crude protein (CP) expressed as nitrogen × 6.25 
AOAC [29], ID 984.13. Neutral detergent fiber (NDF) and acid detergent fiber (ADF) were 
determined using a fiber analyzer (ANKOM200 Technology Corporation, Fairport, NY, 
USA) without the use of alpha-amylase. Total phenol and total tannin content in the CoP 
were determined by the Folin–Ciocalteu method as in Makkar [30]; tannic acid was used 
as a standard to create the calibration curve, so results are expressed as tannic acid equiv-
alent. The chemical composition of the experimental concentrate, grass, and CoP is pre-
sented in Table 1.  

2.6. Analyses of Results 
Results for milk yield, milk composition, body weight, body condition score, and 

GDMI were analyzed by analysis of variance for a 4 × 4 Latin square experimental design 
as described in the lineal model below: 

Yij(k) = µ + Ci + Pj + T(k) + εij(k) 

where µ is the general mean; Ci is the fixed effects of cow; Pj is fixed effect of the experi-
mental period; Tk is the effect of treatment; εij(k) is the residual error. The Tukey’s test 
was applied when differences between treatment means were observed. The general lin-
ear model command of Minitab v14 [31] was used. 

3. Results 
3.1. Chemical Composition of the Experimental Concentrate, African Star Grass, and CoP 

Table 1 depicts the chemical composition of the experimental concentrate, CoP, and 
African Star grass. It was observed that the CP and neutral detergent fiber contents of 
concentrate and CoP were within the expected range for these types of ingredients. The 
content of tannins in the CoP was within the low to moderate range observed in this agri-
cultural product, and the caffeine content was low. Table 1 also shows that the CP content 
of the African Star grass increased from 82 g/kg DM in P1 to 155 g/kg DM in P4. In con-
trast, the NDF and ADF contents decreased from P1 to P4 as they passed from 721 to 598 
g/kg DM and 357 to 285 g/kg DM, respectively.  

Table 1. Chemical composition of experimental concentrate, coffee pulp, and African Star grass fodder as well as the total 
phenols, total tannins, and caffeine content of the coffee pulp (g/kg DM). 

Variable  DM 
g/kg DM

NDF 
g/kg DM

ADF 
g/kg DM 

CP 
g/kg DM

Total Phenols
g/kg DM 

Total Tannins 
g/kg DM 

Caffeine 
g/kg DM

Concentrate  890 141 52 296 - -  
Coffee pulp  860 353 279 85 35 22 0.1 

African Star grass Experimental Period        
 Period 1 50 721 357 82    
 Period 2 55 657 334 97    
 Period 3 64 657 318 122    
 Period 4 72 598 285 155    
 Mean 60.3 658 323 114    
  SEM 4.8 21.1 15.1 16    

DM = dry matter, NDF = neutral detergent fiber, ADF = acid detergent fiber, CP = crude protein, SEM = standard error of 
the mean. 

3.2. Animal Response Variables  
Table 2 shows the effect of increasing the supplementation levels of CoP on milk 

yield, milk composition, live weight, body condition score, and grass dry matter intake 
(GDMI). It can be seen that no significant differences (p > 0.05) between treatments were 
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observed for any of these variables at all supplementation levels of CoP tested. In contrast, 
a significant difference (p < 0.02) for total daily DMI was observed, where the highest in-
take was observed for T3 and T4 in comparison with T1 and T2. The cows in T3 and T4 
ate all the experimental concentrate plus the CoP, since no refusals of CoP or concentrate 
were recorded in any of the treatments. The results in Table 2 also show that GDMI was 
modest in all treatments, less than 3.6 kg DM/d. A numerical difference of more than two 
kilograms of milk was observed between treatments T2 and T3 (19.5% and 17.8% more 
milk, respectively) in comparison with T1 (control) and T4, however, these were not sig-
nificantly different (p > 0.05). 

Table 2. Effect of coffee pulp increasing supplementation levels on milk yield, milk composition, live weight, body condition 
score, grass dry matter intake, and total dry matter intake.  

Treatment 
CoP kgDM 

Milk 
Yield 
kg/d 

Milk composition 
g/kg 

Live 
Weight 

kg 
BCS 

GDMI 
kg 

DM/d 

 Proportion of CoP in 
Concentrate  

Total 
DMI 
kg/d 

Proportion of CoP in 
Total DMI 

Fa CP TS 
Treat. 1 (0) 12.3 39.4 31.2 119.5 494 3.7 3.6 0.0 9.6 a 0.0 

Treat. 2 
(0.6) 

14.7 39.7 30.9 123.0 492 3.6 3.2 0.1 9.8 a 0.062 

Treat. 3 
(0.9) 

14.5 34.1 30.6 118.7 480 3.6 3.6 0.15 10.5 b 0.085 

Treat. 4 
(1.2) 12.3 40.9 31.4 123.6 475 3.7 3.6 0.2 10.8 b 0.11 

D.F. 15 15 15 15 15 15 15 - 15 - 
SEM 1.7 2.2 0.5 3.5 8.0 0.07 0.21 - 0.21 - 

P 0.62 0.23 0.74 0.69 0.33 0.45 0.45 - 0.02 - 
Means between rows with different letters were significantly different at the indicated p-value. CoP = coffee pulp, T = 
treatment, CP = crude protein in milk, TS = total solids in milk, BCS = body condition score, DMI = dry matter intake, 
GDMI = grass dry matter intake, SEM = standard error of the mean. 

3.3. Sward Response Variables 
The results for the African Star grass sward’s performance are depicted for the ex-

perimental periods as sward variables were measured across all the experimental periods. 
However, the sward growth influenced the animal response to the treatments as shown 
in Figure 1, which illustrates the effect of the net forage accumulation on the average daily 
GDMI for each experimental period. It can be observed that NFA was above the 1500 kg 
DM/ha threshold, at which herbage intake is not affected, in all periods. The NFA in P1 
was significantly higher (p < 0.05) than in the rest of the experimental periods. Results for 
NFA in Figure 1 suggest that NFA exerted more influence on GDMI than the CoP supple-
mentation as indicated by the results for GDMI in Table 2, where no effect on GDMI (p > 
0.05) was observed due to the inclusion of CoP at any of the supplementation levels tested. 
Figure 1 also shows that GDMI followed the same pattern of change as NFA across all 
experimental periods because the drop in NFA observed between P1 and P2 was followed 
by a reduction in GDMI by the animals. In the same way, the increase in NFA observed 
in P3 and P4 was accompanied by an increment in GDMI in the same experimental peri-
ods.  
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Figure 1. Influence of net forage accumulation (NFA, kg DM/ha) on average daily grass dry matter intake (GDMI, kg 
DM/head/d) of dual-purpose cows supplemented with increasing levels of coffee pulp across the four experimental peri-
ods. Different letters for GDMI were significantly different at p < 0.05. 

Figure 2 shows that the average milk yield was also influenced by both the growth 
pattern of the grass as well as the crude protein content across the four experimental pe-
riods. This can be seen because the average milk yield per period numerically declined 
from P1 to P2 as a result of the NFA drop in the same periods. Similarly, when NFA and 
the crude protein content of the grass increased from P2 to P4, milk yield also increased. 
Although these changes in milk yield were not significant (p > 0.05), there was a numerical 
difference of more than two kilograms of milk produced between P2 and P4, which rep-
resents 23% more milk produced. 

 
Figure 2. Effect of African Star grass net forage accumulation and crude protein content in the grass on average milk yield 
of dual-purpose cows supplemented with increasing levels of coffee pulp across all experimental periods. 
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4. Discussion 
The chemical composition of the CoP was similar to that reported by Pandey and 

Soccol [32], particularly for tannins, polyphenols, and CP, but not for NDF, which was 
higher in our work (353 vs. 210 g/kg DM). This difference could be attributed to the pro-
cessing system of the coffee cherry, which in the present work was conducted using the 
wet method followed by sun-drying for over two weeks. It has been demonstrated that 
the sun-drying method increases the NDF content in the CoP [33]. The caffeine content of 
our CoP was particularly low because an average content of 1% was reported by Asfew 
and Dekebo [34], with a maximum of up to 3% was reported by Ameca et al. [33]. This 
explains why no negative effects were observed on the behavior of the experimental ani-
mals due to the supplementation of CoP. On the other hand, the average CP content of 
the African Star grass sward (114 g/kg DM) was also similar to that reported by López-
González et al. [35] for star grass swards harvested from April to July in Tejupilco, Mexico. 
However, the CP content was higher, up to 155 g/kg DM in P4, than in other tropical and 
subtropical grasses that normally present CP contents close to 90 g CP/kg DM [13], but 
still within the range reported for other Cynodon grass species [36]. The high CP content 
observed in P3 and P4 may be explained by the onset of the rains in June toward the end 
of the experiment, which resulted in an intense rate in the production of new shoots and 
leaves that were rich in protein (Table 1). The rainy season in the study area is from June 
to November [27], so after the end of the rains, the CP content of the grass in the study 
area returns to more normal values (e.g., <60 g CP/kg DM), as described by Yong-Angel 
[37] or the 82 g CP/kg DM observed in period 1 of the present study (Figure 2).  

4.1. Effect of Coffee Pulp Supplementation on Milk Yield and Milk Composition of Dual-Purpose 
Cows 

The inclusion of CoP showed no negative effect on milk yield or milk composition, 
suggesting that it may be included in up to 12% of dual-purpose cows’ diets, as in T4, 
without compromising milk yield or milk composition. The highest CoP supplementation 
rate used in the present work was similar to the tolerable rates of supplementation recom-
mended by Mazzafera [11] and Souza et al. [13] at 10.5% and 20% of the total DMI, respec-
tively. Noriega-Salazar et al. [38] also agreed that CoP can be included in 10% to 20% of 
the total daily dry matter intake of a total mix ration for dairy cows without affecting milk 
yield. However, results for milk yield obtained in the present work suggest that low (0.6 
kg DM/day) to medium CoP supplementation rates (0.9 kg DM/day) can produce better 
numerical milk yield results than the highest level of 1.2 kg DM/d. For example, low rates 
of CoP supplementation as in T2 resulted in 19.5% more milk produced (Table 2) than the 
highest rate used in T4. Numerically higher milk yield in T2 and T3 may be attributed to 
both the moderate content of tannins and phenols in the CoP [6], which probably in-
creased the flow of the feed’s protein to the duodenum of the animals, and to the extra 
supply of soluble carbohydrates provided by the CoP, which according to Klingel et al. 
[39], contains 45–89% of the total soluble carbohydrates of the coffee cherry. According to 
Nurfeta [12], low levels of tannins are linked to the feed’s protein forming tannin–protein 
complexes, which act as a bypass protein that can be absorbed in the small intestine more 
efficiently. The increased flow of protein from the rumen to the lower gut has been asso-
ciated with increased milk production in dairy cows [40,41], for example, Ibarra and 
Latrille [42] observed a significant increase (p < 0.05) in milk yield when Holstein cows 
were supplemented with fishmeal, a well-known source of bypass protein. Moreover, 
Chaves et al. [43] reported that feeding dietary phytochemicals (a combination of tannin 
mixture and capsicum) can significantly affect rumen fermentation characteristics in Hol-
stein cows via partial manipulation of rumen microbiota and that these effects were re-
flected in improved milk production and efficiency. In contrast, the high supplementation 
level of CoP in T4 may have played the opposite role (e.g., increased tannin content in the 
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diet may have led to a larger formation of tannin–protein complexes, making protein from 
the diet less degradable in the rumen or undigestible in the rest of the digestive tract [44].  

4.2. African Star Grass Herbage Intake and Concentrate Supplementation 
The significant differences observed for total daily DMI (e.g., higher intake observed 

in T3 and T4 in comparison with T1 and T2) can be explained because cows in these treat-
ments received 0.9 kg/DM and 1.2 kg DM/d of CoP, respectively, whereas cows in T1 did 
not receive CoP and cows in T2 received only 0.6 kg DM/d. However, it is important to 
stress that the effect of CoP supplementation does not explain the moderate to low GDMI 
(mean = 3.5 kg DM/d) observed across all treatments nor the forage availability in the 
experimental sward because the NFA was never below the threshold of 450–500 kg DM/ha 
at which the DMI of grazing cows becomes affected [45]. Therefore, it is likely that the low 
GDMI observed in this work was associated with two factors: (1) the limited number of 
hours the cows had access to the sward (<10 h/d); and (2) the concentrate supplementation 
rate used and its associative effects (e.g., substitution and reduced rumen pH). These hy-
potheses are supported by the fact that forage availability of the experimental sward was 
never below the 450–500 kg/ha threshold marked by Allison [45] at which grass DMI de-
clines. According to Pérez-Ramírez et al. [46], Holstein cows at 577 kg of live weight with 
restricted access time to a ryegrass sward (9 h/d) showed a reduction in herbage intake 
and milk yield. These authors found that the reduction in milk production was due to a 
decrease in herbage intake of −1.8 kg DM/d, since the cows did not have enough time to 
reach their maximum intake. Concentrate supplementation rate can also affect herbage 
intake, for example, Pérez-Ramírez et al. [46] stated that high supplementation rates of 10 
kg of concentrate DM/d/cow in Holstein cows of 578 kg of body weight had negative ef-
fects on herbage intake—less than 8.4 kg herbage DMI/d—because cows were not moti-
vated to graze. In contrast, cows in Pérez-Ramírez et al.’s [46] experiment showed a 
stronger motivation for grazing (11.5 kg herbage DMI/d) when they received a low-sup-
plement feeding regime of 5.0 kg of concentrate DM/d/cow). In the present work, the sup-
plementation rate used possibly affected the motivation of cows to graze as in [46]; alt-
hough our cows were less heavy than the cows used in Pérez-Ramírez’s [46] experiment, 
they proportionally received a similar concentrate supplementation rate according to their 
body weight. As in the present work, Pedraza-Beltrán et al. [47] reported no negative ef-
fect of CoP supplementation on GDMI, milk yield, and milk composition (p > 0.05) of dual-
purpose cows grazing on a Bahía grass (Paspalum notatum) sward located in the same re-
gion. Moreover, according to Pedraza-Beltrán et al. [47], CoP can replace some of the pur-
chased ingredients of dairy concentrates. The supplementation rate of the experimental 
concentrate used could also have limited grass intake, but to a lesser extent by a reduction 
in rumen pH since important drops in low-quality forage intake by dairy cattle in Tanza-
nia have been observed following supplementation with high amounts of non-fibrous car-
bohydrates such as starch [48]. It is well established that low rumen pH reduces the ca-
pacity of the rumen microbes to degrade the fiber in forage [49]. Decreasing the fiber fer-
mentation as a consequence of low rumen pH and the increased residence time of feed in 
the rumen results in animal satiety and temporary detention of voluntary intake. How-
ever, more research is needed in the case of tropical grasses and tropical cattle because 
most of the work published on this subject has been done for temperate grasses, and there 
is little evidence in the literature on this particular topic.  

Our results suggest that low supplementation rates of CoP worked better than high 
supplementation rates, and that CoP could be an alternative way to reduce the costs asso-
ciated with feeding dual-purpose cattle because CoP has no cost other than transportation 
to the farms. Reducing the feeding costs of cattle can improve the income of smallholder 
farmers and contribute to improving their livelihoods. The use of CoP as cattle feed can 
also contribute to mitigating the environmental damage produced by inadequate disposal 
of CoP during coffee production in tropical and subtropical regions around the world. 
Finally, we suggest that farmers allocate more time for cattle to graze on the African Star 
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grass swards, possibly up to 24 h, to maximize grass intake by cows, however, the insecu-
rity remains a problem that needs to be solved before implementing such measures.  

5. Conclusions 
Within the limits of the present study, it can be concluded that increasing the supple-

mentation levels of coffee pulp did not have negative effects on milk yield, milk compo-
sition, and grass intake. However, numerical increments in milk yield were observed 
when CoP was supplemented at doses of 0.6 and 0.9 kg DM/d, suggesting that low doses 
of CoP could increase milk yield, possibly due to the moderate intake of tannins and their 
potential role in increasing the flow of the feed’s protein to the duodenum of the animals, 
which was associated with the extra supply of soluble carbohydrates by the CoP. How-
ever, additional research using more animals is necessary to confirm these results. The 
lack of cost of CoP is an additional benefit because similar works suggest that CoP can 
replace some purchased ingredients of dairy concentrates. The results of our work also 
suggest that the use of CoP to supplement dual-purpose cattle can be an alternative 
method for the safe disposal and sustainable management of CoP in the tropics and may 
help in reducing production costs associated with cattle feeding.  

Author Contributions: Conceptualization, O.A.C.-O.; Methodology, O.A.C.-O., F.A.-N., and J.G.E.-
F.; Investigation, P.E.P.-B., G.Y.-Á., A.D.S.-M., and A.-A.R.-A.; Resources O.A.C.-O.; Data curation, 
P.E.P.-B. and M.F.V.-C.; Writing—original draft preparation, O.A.C.-O.; Writing—review and edit-
ing, O.A.C.-O. and M.G.-R.; Project administration, O.A.C.-O. and J.G.E.-F.; Funding acquisition, 
O.A.C.-O. All authors have read and agreed to the published version of the manuscript. 

Funding: This research was funded by the ICAMEX-Estado de México under grant number 15-2005-
0724 and the Universidad Autónoma del Estado de México under grant number 1873/2009C.  

Institutional Review Board Statement: All experimental procedures were approved by the Com-
mittee on Bioethics and Animal Welfare of the Universidad Autónoma del Estado de México (UAE-
Mex), and the Mexican norm for work with laboratory animals NOM-062-ZOO-1999. No suffering 
was inflicted on the experimental animals. 

Informed Consent Statement: Informed consent was obtained from all subjects involved in the 
study. 

Data Availability Statement: The data presented in this study are available on request from the 
corresponding author. 

Acknowledgments: We acknowledge the help of cattle farmers from the municipality of Tejupilco 
and the coffee producers of the municipality of Amatepec, Mexico whose help was essential for the 
conclusion of the present work.  

Conflicts of Interest: The authors declare no conflicts of interest. 

References 
1. San Martin, D.; Orive, M.; Iñarra, B.; García, A.; Goiri, I.; Atxaerandio, R.; Urkiza, J.; Zufía, J. Spent Coffee Ground as Second-

Generation Feedstuff for Dairy Cattle. Biomass Conv. Bioref. 2020, doi:10.1007/s13399-020-00610-7. 
2. International Coffee Organization. Historical Data on the Global Coffee Trade. 2016. Available online: 

http://www.ico.new_historical.asp (accessed on 5 February 2021). 
3. Esquivel, P.; Jiménez, V. Functional Properties of Coffee and Coffee By-Products. Food Res. Int. 2012, 46, 488–495, 

doi:10.1016/j.foodres.2011.05.028. 
4. FAOSTAT. Available online: http://www.fao.faostat/es/#data (accessed on 26 January 2021). 
5. Vanderhaegen, K.; Akoyi, K.T.; Dekoninck, W.; Jocqué, R.; Muys, B.; Verbist, B.; Maertens, M. Do Private Coffee Standards 

‘Walk the Talk’ in Improving Socio-Economic and Environmental Sustainability? Glob. Environ. Chang. 2018, 51, 1–9, doi: 
10.1016/j.gloenvcha.2018.04.014. 

6. Murthy, P.; Naidu, M. Sustainable Management of Coffee Industry By-Products and Value Addition—A Review. Resour. 
Conserv. Recycl. 2012, 66, 45–58, doi:10.1016/j.resconrec.2012.06.005. 

7. Roussos, S.; Aquiáhuatl, M.; Trejo-Hernández, M.R.; Gaime, I.; Favela-Torres, E.; Ramakrishna, M.; Raimbault, M.; Viniegra-
González, G. Biotechnological Management of Coffee Pulp-Isolation, Screening, Characterization, Selection of Caffeine-



Agriculture 2021, 11, 416 11 of 12 
 

 

Degrading Fungi and Natural Microflora Present in Coffee Pulp and Husk. Appl. Microbiol. Biotechnol. 1995, 42, 756–762, doi: 
10.1007/BF00171958. 

8. Blinová, L.; Sirotiak, M.; Pastierova, A.; Soldán, M. Review: Utilization of Waste From Coffee Production. Res. Pap. Fac Mater. 
Sci. Technol. Slovak Univ. Technol. 2017, 25, doi:10.1515/rput-2017-0011. 

9. Fan, L.; Pandey, A.; Soccol, A.; Soccol, C. Cultivation of Pleurotus Mushrooms on Brazilian Coffee Husk and Effects of Caffeine 
and Tannic Acid. Micol. Apl. Int. 2003, 15, 15–21. 

10. Widjaja, T.; Iswanto, T.; Altway, A.; Shovitri, M.; Juliastuti, S.R. Methane Production from Coffee Pulp by Microorganism of 
Rumen Fluid and Cow Dung in Co-Digestion. Chem. Eng. Trans. 2017, 56, 1465–1470, doi:10.3303/CET1756245. 

11. Mazzafera, P. Degradation of Caffeine by Microorganisms and Potential Use of Decaffeinated Coffee Husk and Pulp in Animal 
Feeding. Sci. Agric. 2002, 59, 815–821, doi:10.1590/S0103-90162002000400030. 

12. Nurfeta, A. Feed Intake, Digestibility, Nitrogen Utilization, and Body Weight Change of Sheep Consuming Wheat Straw 
Supplemented with Local Agricultural and Agro-Industrial by-Products. Trop. Anim. Health Prod. 2009, 42, 815–824, 
doi:10.1007/s11250-009-9491-8. 

13. Souza, A.; Garcia, R.; Valadares Filho, S.; Rocha, F.; Campos, J.; Silva Cabral, L.; Gobbi, K. Effects of Feeding Coffee Hulls on 
Intake, Digestibility and Milk Yield and Composition of Lactating Dairy Cows. Rev. Bras. Zootec. 2005, 34, 2496–2504. 

14. Clifford, M.N.; Ramirez-Martinez, J.R. Phenols and Caffeine in Wet-Processed Coffee Beans and Coffee Pulp. Food Chem. 1991, 
40, 35–42, doi:10.1016/0308-8146(91)90017-I. 

15. Negesse, T.; Makkar, H.P.S.; Becker, K. Nutritive Value of Some Non-Conventional Feed Resources of Ethiopia Determined by 
Chemical Analyses and an in Vitro Gas Method. Anim. Feed Sci. Technol. 2009, 154, 204–217, doi:10.1016/j.anifeedsci.2009.09.010. 

16. Naumann, H.D.; Tedeschi, L.O.; Zeller, W.E.; Huntley, N.F.; Naumann, H.D.; Tedeschi, L.O.; Zeller, W.E.; Huntley, N.F. The 
Role of Condensed Tannins in Ruminant Animal Production: Advances, Limitations and Future Directions. Rev. Bras. Zootec. 
2017, 46, 929–949, doi:10.1590/s1806-92902017001200009. 

17. Dowden, H.C. Note on the Quantity of Theobromine in the Milk of Cows Fed on a Diet Including This Alkaloid. Biochem. J. 
1938, 32, 71–73, doi:10.1042/bj0320071. 

18. Trana, A.D.; Bonanno, A.; Cecchini, S.; Giorgio, D.; Grigoli, A.D.; Claps, S. Effects of Sulla Forage (Sulla Coronarium, L.) on the 
Oxidative Status and Milk Polyphenol Content in Goats. J. Dairy Sci. 2015, 98, 37–46, doi:10.3168/jds.2014-8414. 

19. Bonanno, A.; Di Grigoli, A.; Todaro, M.; Alabiso, M.; Vitale, F.; Di Trana, A.; Giorgio, D.; Settanni, L.; Gaglio, R.;  
Laddomada, B.; et al. Improvement of Oxidative Status, Milk and Cheese Production, and Food Sustainability Indexes by 
Addition of Durum Wheat Bran to Dairy Cows’ Diet. Animals 2019, 9, 698, doi:10.3390/ani9090698. 

20. Alqaisi, O.; Moraes, L.E.; Ndambi, O.A.; Williams, R.B. Optimal Dairy Feed Input Selection under Alternative Feeds Availability 
and Relative Prices. Inf. Process. Agric. 2019, 6, 438–453, doi:10.1016/j.inpa.2019.03.004. 

21. Annual Variation in Economics of Small-Scale Dairy Production and it’s Effect on Poverty Indexes. Available online: 
http://www.lrrd.lrrd20/2/lope20032.htm (accessed on 10 February 2021). 

22. Hernández Morales, P.; Estrada-Flores, J.G.; Avilés-Nova, F.; Yong-Angel, G.; López-González, F.; Solís-Méndez, A.D.; 
Castelán-Ortega, O.A. Tipificación de los sistemas campesinos de producción de leche del sur del estado de México. Univ. Cienc. 
2013, 29, 19–31. 

23. González Razo, F. de J.; Sangerman-Jarquín, D.M.; Rebollar Rebollar, S.; Omaña Silvestre, J.M.; Hernández Martínez, J.; Morales 
Hernández, J.L.; Sangerman-Jarquín, D.M.; Rebollar Rebollar, S.; Omaña Silvestre, J.M.; et al.; Morales Hernández, J.L. El 
proceso de comercialización del café en el sur del Estado de México. Rev. Mex. Cienc. Agrícolas 2019, 10, 1195–1206, 
doi:10.29312/remexca.v10i6.2057. 

24. Condition Scoring of Dairy Cows. Available online: https://www.gov.uk/government/publications/condition-scoring-of-dairy-
cows (accessed on 31 January 2021). 

25. Avilés-Nova, F.; Espinoza-Ortega, A.; Castelán-Ortega, O. A.; Arriaga-Jordán, C. M. Sheep Performance under Intensive 
Continuous Grazing of Native Grasslands of Paspalum Notatum and Axonopus Compressus in the Subtropical Region of the 
Highlands of Central Mexico. Trop Anim Health Prod 2008, 40 (7), 509–515. https://doi.org/10.1007/s11250-008-9127-4. 

26. Dove, H.; Mayes, R. Using N-Alkanes and Other Plant Wax Components to Estimate Intake, Digestibility and Diet Composition 
of Grazing/Browsing Sheep and Goats. Small Rumin. Res. 2005, 59, 123–139, doi:10.1016/j.smallrumres.2005.05.016. 

27. Estrada, I.; Nova. F.; Estrada-Flores, J.; Pedraza-Beltrán, P.; Yong, G.; Castelan-Ortega, O. Dry Matter Intake Estimation of Star 
Grass (Cynodon Plectostachyus, K. Schum.) by Grazing Dairy Cows through of n-Alkanes, Forage Cutting and Grazing 
Behaviour. Trop. Subtrop. Agroecosyst. 2014, 17, 463–477. 

28. Mayes, R.W.; Lamb, C.S.; Colgrove, P.M. The Use of Dosed and Herbage N-Alkanes as Markers for the Determination of 
Herbage Intake. J. Agric. Sci. 1986, 107, 161–170, doi:10.1017/S0021859600066910. 

29. Mousa, R.M.A. Official Methods of Analysis of, 16th ed.; AOAC International: Washington, D.C. USA,1995. 
30. Makkar, H.P.S.; Blümmel, M.; Borowy, N.K.; Becker, K. Gravimetric Determination of Tannins and Their Correlations with 

Chemical and Protein Precipitation Methods. J. Sci. Food Agric. 1993, 61, 161–165, doi:10.1002/jsfa.2740610205. 
31. Wass, J.A. MINITAB Release 14 Statistical Software for Windows. Minitab Inc.: State College, PA, USA.,2004. 
32. Pandey, A.; Soccol, C. Economic Utilization of Crop Residues for Value Addition: A Futuristic Approach. J. Sci. Ind. Res. 2000, 

59, 12–22. 



Agriculture 2021, 11, 416 12 of 12 
 

 

33. Ameca, G.M.; Cerrilla, M.E.O.; Córdoba, P.Z.; Cruz, A.D.; Hernández, M.S.; Haro, J.H.; Ameca, G.M.; Cerrilla, M.E.O.; Córdoba, 
P.Z.; Cruz, A.D.; et al. Chemical Composition and Antioxidant Capacity of Coffee Pulp. Ciência Agrotecnologia 2018, 42, 307–313, 
doi:10.1590/1413-70542018423000818. 

34. Asfew, Z.; Dekebo, A. Quantification of Caffeine Content in Coffee Bean, Pulp and Leaves from Wollega Zones of Ethiopia by 
High Performance Liquid Chromatography. Trends Phytochem. Res. 2019, 3, 261–274. 

35. González, F.L.; Flores, J.G.E.; Nova, F.A.; Angel, G.Y.; Morales, P.H.; Loperena, R.M.; Beltrán, P.E.P.; Ortega, O.A.C. Agronomic 
Evaluation and Chemical Composition of African Star Grass (Cynodon Plectostachyus) in the South of the State of Mexico. Trop. 
Subtrop. Agroecosyst. 2009, 12, 151–159. 

36. Lee, M.A. A Global Comparison of the Nutritive Values of Forage Plants Grown in Contrasting Environments. J. Plant Res. 2018, 
131, 641–654. doi:10.1007/s10265-018-1024-y. 

37. Angel, G.Y.; Silveira, V.C.P.; Nova, F.A.; Ortega, O.A.C.; Angel, G.Y.; Silveira, V.C.P.; Nova, F.A.; Ortega, O.A.C. Simulating 
the Effect of Climate on Star Grass Growth and Quality and Its Capacity to Support Milk Production in the Tropical Regions of 
Mexico. Ciência Rural 2014, 44, 1486–1493. doi:10.1590/0103-8478cr20130987. 

38. Salazar, A.; Silva_Acuña, R.; Salcedo, M. Revisión: Utilización de La Pulpa de Café En La Alimentación Animal. Zootec. Trop. 
2008, 26, 411–419. 

39. Klingel, T.; Kremer, J.I.; Gottstein, V.; Rajcic de Rezende, T.; Schwarz, S.; Lachenmeier, D.W. A Review of Coffee By-Products 
Including Leaf, Flower, Cherry, Husk, Silver Skin, and Spent Grounds as Novel Foods within the European Union. Foods 2020, 
9, 665, doi:10.3390/foods9050665. 

40. Santos, F.A.P.; Santos, J.E.P.; Theurer, C.B.; Huber, J.T. Effects of Rumen-Undegradable Protein on Dairy Cow Performance: A 
12-Year Literature Review. J. Dairy Sci. 1998, 81, 3182–3213, doi:10.3168/jds.S0022-0302(98)75884-9. 

41. Santos, F.A.; Huber, J.T.; Theurer, C.B.; Swingle, R.S.; Simas, J.M.; Chen, K.H.; Yu, P. Milk Yield and Composition of Lactating 
Cows Fed Steam-Flaked Sorghum and Graded Concentrations of Ruminally Degradable Protein. J. Dairy Sci. 1998, 81, 215–220, 
doi:10.3168/jds.S0022-0302(98)75568-7. 

42. Ibarra, D.; Latrille, L. Increasing of Rumen Undegradable Protein in Dairy Cows. 1. Effects on Milk Production, Milk 
Composition and Nutrients Utilization. Arch. Med. Vet. 2006, 38, 115–121. 

43. Chaves Barcellos Grazziotin, R.; Halfen, J.; Rosa, F.; Schmitt, E.; Anderson, J.; Ballard, V.; Osorio, J. Altered Rumen Fermentation 
Patterns in Lactating Dairy Cows Supplemented with Phytochemicals Improve Milk Production and Efficiency. Journal of Dairy 
Science 2019, 103, doi:10.3168/jds.2019-16996. 

44. Capstaff, N.M.; Miller, A.J. Improving the Yield and Nutritional Quality of Forage Crops. Front. Plant Sci. 2018, 9, 
doi:10.3389/fpls.2018.00535. 

45. Allison, C.D. Factors Affecting Forage Intake by Range Ruminants: A Review. J. Range Manag. 1985, 38, 305–311, 
doi:10.2307/3899409. 

46. Pérez-Ramírez, E.; Delagarde, R.; Delaby, L. Herbage Intake and Behavioural Adaptation of Grazing Dairy Cows by Restricting 
Time at Pasture under Two Feeding Regimes. Animal 2008, 2, 1384–1392, doi:10.1017/S1751731108002486. 

47. Pedraza-Beltrán, P.; Estrada-Flores, J.G.; Martínez-Campos, A.R.; Estrada-López, I.; Rayas-Amor, A.A.; Yong-Angel, G.; 
Figueroa-Medina, M.; Nova, F.A.; Castelán-Ortega, O.A. On-Farm Evaluation of the Effect of Coffee Pulp Supplementation on 
Milk Yield and Dry Matter Intake of Dairy Cows Grazing Tropical Grasses in Central Mexico. Trop. Anim. Health Prod. 2012, 44, 
329–336, doi:10.1007/s11250-011-0025-9. 

48. Mlay, P.; Pereka, A.; Balthazary, S.; Phiri, E.; Madsen, J.; Hvelplund, T.; Weisbjerg, M. In Situ Degradation Of Poor Quality Hay 
In The Rumens of Mature Heifers As Influenced by Sugar, Starch And Nitrogen Supplements And An Ionic Feed Additive. 
Tanzan. Vet. J. 2008, 24, doi:10.4314/tvj.v24i1.42012. 

49. Mouriño, F.; Akkarawongsa, R.; Weimer, P.J. Initial PH as a Determinant of Cellulose Digestion Rate by Mixed Ruminal 
Microorganisms In Vitro. J. Dairy Sci. 2001, 84, 848–859, doi:10.3168/jds.S0022-0302(01)74543-2. 

 

 


