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ABSTRACT

Four lactating Holstein cows were assigned to a 4 katin square design to determine the effecteeding sticky
coffee hull (SCH) as a source of antioxidants omrydaows fed with high PUFA diets. The treatmemis DM
basis) were control diet, diet with 30 g/kg of segb oil, diet with 30 g/kg of soybean oil and 10Kygf SCH, and
diet with 30 g/kg of soybean oil and 150 g/kg oHS@clusion of 150 g/kg of SCH decreased the crpigeein
digestibility. Lower values of NDF digestibility meealso observed when cows were fed with 100 gikig1®0g/kg
of SCH. The digestibility of NDT was lower in thentol and 150 g/kg of SCH diets. Milk productionda
composition did not differ among the treatmentslusion of SCH increased the total polyphenols #iavbnoids in
the milk and reducing power as well. Soybean ail 8CH supplementation increased the LDL and tdtalesterol
concentration in the plasma. Milk fatty acid prefivas barely altered by the treatments. In conoluysihe results
confirmed that SCH added up to 15% in the diet did alter milk production, improved its stabilitgnd
incorporated antioxidants substances in the mitigrioving its quality for human health.
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INTRODUCTION compounds in the milk to protect PUFA from
oxidation. Additionally, increased antioxidants in
Supplemental fat in the diets has become the milk may provide several health benefits to the
standard practice to meet the energy requirementensumers, including protection against free
of dairy cows. There is growing interest toradicals, which are able to oxidize biomolecules,
manipulate the dairy cow diets to increase théeading to mutagenic changes, tissue damage and
polyunsaturated fatty acids (PUFA) content in theell death (Yang et al. 2000).
milk fat and to improve its nutritional quality. The availability of plant phenolic compounds and
However, fatty acids, especially PUFA, are easilyheir effects on human health has been studied due
oxidized (Shiota et al. 1999) and may becoméo their antioxidant activity (Korkina 2007; Dai
more susceptible to oxidative damages. In thisnd Mumper 2010). These molecules are also
context, feeding cows with elevated dietaryinvestigated in animal nutrition in order to
antioxidants may be interesting to increase thedeprove the nutritional value of products, such as
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milk (Gagnon et al. 2009; Cértes et al. 2012)lactating cows without changing milk production
Accordingly, finding feedstuffs, which are rich in and composition. When used as corn silage
antioxidant compounds can be a strategy teubstitute, dry coffee hull replaced 12% (Rocha et
improve the milk quality. al. 2006a) and 14% (Teixeira et al. 2007) the corn
The processing of coffee, one of the most populasilage in the diets of lactating cows and dairy
and widely consumed beverages throughout thieeifers, respectively. Although coffee hull has
world (Yen et al. 2005), generates by-productsheen studied as an alternative energy feed, studies
which are rich in functional compounds, such a®n its antioxidant properties are still needed, due
phenol acids (Yen et al. 2005; Baggio et al. 2007}o its bioactive compounds content. Therefore,
Brazil is the largest producer of coffee, thusthe objective of this trial was to evaluate the
generates large amounts of coffee by-productgffects of sticky coffee hull as natural antioxitdan
such as coffee hull. Coffee hull has been used a®urce on the performance and milk quality of
an alternative feed to the animals due to its highairy cows fed high PUFA diets.

availability (40% of total coffee production;

Poveda Parra et al. 2008) and low costs. Dry or

sticky coffee hull can be obtained, depending oMATERIALSAND METHODS

the industrial process. The sticky coffee hull,

obtained from dry method, is composed of pithThis experiment was conducted on Fazenda
and epicarp, without endocarp, and compared fexperimental de Iguatemi, belonging to the
dry coffee hull it has higher protein and lowerUniversidade Estadual de Maringa, Southern
NDF and ADF concentration (Vilela et al. 2001). Brazil. Four multiparous lactating Holstein cows,
Both, dry and sticky coffee hull are used to feedveraging 75 = 12 days in milk and 563 + 28 kg of
the animals. Studies have shown that dry coffeBW were used in a 4 x 4 Latin-square design over
hull could replace both roughage and concentraf@ur 21-d periods. The treatments consisted of
feeds, although not recommended in large amourfeur different total mixed diets composed of corn
Souza et al. (2005) reported that dry coffee huilage, ground corn, soybean meal and mineral
could replace corn (10.5 g/kg DM) in the diets ofSupplement as described in Tables 1 and 2.

Table 1 - Chemical composition of ingredients.

ltem Ingredients”

Cornslage Groundcorn Soybean meal Sticky coffee hull Soybean oil
Dry matter (g/kg) 304.3 882.2 881.5 910.0 1000
Organic matter (g/kg of DM) 957.9 989.0 933.3 925.2 1000
Crude protein (g/kg of DM) 70.8 84.3 506.8 94.1 -
NDICP® (g/kg of CP) 186.4 85.4 13.6 333.7 .
ADICP®(g/kg of CP) 120.1 36.8 7.5 197.7 -
Ether extract (g/kg of DM) 25.9 37.1 21.8 12.3 1000
NDF (g/kg of DM) 513.4 160.1 138.6 395.0 -
Non fiber carbohydrates
(g/kg of DM) 347.8 707.5 266.1 423.8 -
ADF (g/kg of DM) 282.5 36.7 81.5 31.91 -
Lignin (g/kg of DM) 249 9.0 6.7 103.7 -
Caffeiné (g/kg of DM) - - - 5.8 -
Tanning (g/kg of DM) - - - 14.4 -
Polyphenols (g GAE/kg of DM) - - - 7.55 -
Flavonoids (g QE/kg of DM) - - - 0.50 -
TDNes® (9/kg of DM) 644.0 862.4 808.4 533.9 1840
NE_®(Mcal/kg of DM ) 1.46 1.99 1.86 1.18 5.65

@Mean of 4 pool samples prepared by compositingily damples collected from d 15 to ZNeutral detergent insoluble crude
protein; “Acid detergent insoluble crude protefi€alculated using published values of feed ingrediéuladares Filho et al.
2013).°Calculated according to NRC (2001).
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Table 2 - Ingredient and chemical composition of total mixielts of Holstein cows fed no soybean oil and e®ff
hull (CONT), 30 g/kg DM soybean oil (SBOIL), 30 g/loM soybean oil and 100 g/kg of coffee hull (SOCBD)
or 30 g/kg DM soybean oil and 150 g/kg DM coffedl (BOCH-150).

Diets
Item CONT SBOIL SOCH-100 SOCH-150
Ingredients (g/kg of DM)
Corn silage 600.0 600.0 500.0 450.0
Ground corn 191.0 155.0 161.0 165.0
Coffee hull - - 100.0 150.0
Soybean oil - 30.0 30.0 30.0
Soybean meal 198.0 205.0 195.0 190.0
Mineral suppleme#t 11.0 11.0 14.0 15.0
Chemical analysfs
DM (g/kg of NM) 418.4 418.3 460.7 483.7
OM (g/kg of DM) 949.9 948.6 943.1 941.6
CP (g/kg of DM) 160.2 159.7 159.5 155.1
NDICP (g/kg of CP) 66.2 65.7 77.2 85.1
ADICP (g/kg of CP) 39.9 39.8 46.1 50.6
EE (g/kg of DM) 27.4 57.2 58.1 55.2
NDF (g/kg of DM) 365.8 361.2 340.8 332.0
NFC (g/kg of DM) 396.4 370.5 387.0 399.3
ADF (g/kg of DM) 192.6 191.9 195.0 203.9
Lignin (g/kg of DM) 18.0 17.7 25.6 29.1
Caffein€ (g/kg of DM) - - 0.58 0.87
Tannin$ (g/kg of DM) - - 1.44 2.16
TDN? (g/kg of DM) 711.2 741.0 727.1 712.1
NE,“ (Mcal/kg of DM ) 1.62 1.70 1.66 1.62
Fatty acid, g/100 g of total fatty acid methyl este
12:0 0.27 0.27 0.23 0.21
14:0 0.59 0.57 0.60 0.62
16:0 19.38 19.30 18.62 18.28
16:1 0.84 0.84 0.70 0.63
18:0 3.71 3.68 3.61 3.57
cis9 18:1 25.92 25.62 25.68 25.71
cis718:1 0.79 0.77 0.75 0.74
cis6 18:2 41.51 41.82 42.22 42.42
cis3 18:3 5.27 5.40 5.60 5.69
cis320:4 0.31 0.26 0.47 0.57
20:1 0.00 0.02 0.11 0.16
Others 1.42 1.44 1.41 1.40
PUFA 47.09 47.49 48.28 48.68
SFA 23.94 23.82 23.06 22.67
MUFA 27.55 27.25 27.24 27.25
n-6° 41.51 41.82 42.22 42.42
n-3° 5.59 5.67 6.06 6.26
n-6/n-3 7.43 7.38 6.97 6.77

%Contained (per kg, as-is basis): Ca 240 g, P 60 g1™@ g, S 18.0 g, Na 78.0, Fe 2,200 mg, Zn 3.860@u 680 mg, Mn
1.105 mg, | 40 mg, Co 10 mg, Se 25 mg, vitamin A,Q00 IU, vitamin D3 66,700 IU, and vitamin E 1,000

PMean of 4 pool samples prepared by compositingily damples collected from d 15 to 21.

“Calculated using published values of feed ingredi@vitladares Filho et al. 2013).

dCalculated using described equations by NRC(2001).

Non-fiber carbohydrates (NFC) were estimate((TDN.,y were estimated according to the
according to equations described by NRC (2001 following equation: TDN = dCP + (2.25 x dEE) +
NFC (g/kg od DM) = 1000 - (CP + EE + NDF + dNDF + dNFC,where dCP = digestible crude
ash). The observed total digestible nutrientprotein, dEE = digestible ether extract, dNDF =
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digestible neutral detergent fiber and dNFC =somatic cells counts (SCC) were obtained using an
digestible nonfiber carbohydrates. electronic counter (Somacount 500, Chaska, MN)
Indigestible NDF (iNDF) was used as an internahs described by Voltolini et al. (2001). Milk fat
marker to estimate the fecal output and apparemias obtained by centrifugation as described by
nutrient digestibility. For iINDF analysis, 0.5 g of Murphy et al. (1995) and FA were methylated
samples (fecal, refusals and feeds) were groundedcording to method 5509 of ISO (1978) using
to 1 mm and incubated situ (144 h) in the rumen KOH/methanol (Synth, S&o Paulo, Brazil) and n-
of a cow within nylon bags (F57 Ankom), heptane (Vetec, Rio de Janeiro, Brazil). Fatty acid
followed by neutral detergent analysis Mertengnethyl esters were quantified by gas
(2002) by using a Ankoff’ Fiber Analyzer chromatography (Trace GC Ultra, Thermo
(Ankom Technology Corp., Fairport, NY). Scientific, EUA) with auto sampler and equipped
Milk samples were taken from each cow for fourwith a flame-ionization and a Rt-2560 fused-silica
consecutive milkings (d 19 and 20) and pooled ogapillary column (100 m and 0.25 mm i.d., 0.20
the yield basis to obtain three milk samples pepm film thickness). The column parameters were
cow. One milk sample was stored at 4°C with anitial column temperature of 65°C for 8min; the
preservative (bronopol-B2) until the analysis fortemperature was then programmed at 50°C per
protein, urea N, lactose, and total solids. Milk FAmin to 170°C. This temperature was maintained
profile was determined on the samples pooled ofor 40 min, then increased 50°C per min to 240°C,
milk yield basis and frozen without preservative abnd remained at this temperature for 28.5 min.
-20°C. Another milk sample was kept at -20°0njector and detector temperatures were 220 and
with Na azide (0.2 g/kg) for antioxidants analysis245°C, respectively. The gas flow was 1.5 mL/min
as previously reported by Matumoto-Pintro et alfor hydrogen (carrier gas), 30 mL/min for nitrogen
(2011). (auxiliary gas), 35 mL/mitfior hydrogen and 350
Samples of food, refusals and feces were ovemaL/min for make-up gas (flame gases). Fatty acid
dried (55°C for 72 h), grounded (1Imm mash) angheaks were identified using pure methyl ester
the dry matter was evaluated according to methostandards (Sigma, Sao Paulo, Brazil).

no. 934.01 of AOAC (1998). Organic matter wasBlood was collected from all the cows on 18 d
determined by combustion in a muffle furnaceafter morning milking (08:00h) to determine very
according to method no. 942.05 of AOAC (1998)low density lipoprotein (VLDL), low density
Total nitrogen (TN) was determined using alipoprotein (LDL), high density lipoprotein
Tecnal TE-036/1 (Tecnal, Piracicaba, Sdo PauldHDL), total cholesterol, triacylglycerols, glueos
Brazil) following the method no. 988.05 of theand urea concentrations. Blood was taken from the
AOAC (1998) and crude protein (CP) wasjugular vein into vacutainer tubes containing
estimated as TN x 6.25. Ether extraction in thdeparin. Tubes were immediately centrifuged at
diets was conducted with Tecnal TE-044/13000 x gfor 20 min. Plasma was separated and
(Tecnal, Piracicaba, Sdo Paulo, Brazil) accordinfrozen at -28C for subsequent analysis. Plasma
to the method no. 920.39 of AOAC (1998). Thesamples were analyzed using the commercial kits
neutral detergent fiber (NDF) was evaluated agDiasys) in an automatic analyzer (Vitalab
described by (Mertens 2002) using a heat-stable Selectra®2).

amylase, without using sodium sulphite. NDF wad otal polyphenol content in the samples was
determined following the Ankofff filter bag determined using the Folin-Ciocalteu procedure as
technique (Ankom Technology Corp., Fairport,described by Singleton and Rossi (1965) and Han
NY). The ADF and lignin content were et al. (2011), with the following modifications.
determined according to AOAC (1998) method noThe polyphenols from sticky coffee hull was
973.18. As sequential method, the neutratlispersed in methanol (90%, v/v), 1:100 g/mL, and
detergent insoluble crude protein (NDICP) androm milk was in methanol 100%, 1:10 mL/mL
acid insoluble crude protein (ADICP) wereand filtered (PTFE, 0.22 um). A 0.25 mL aliquot
determined as described by Silva and Queiroaf samples solution in methanol was mixed with
(2002). 0.25 mL Folin-Ciocalteu reagent (previously
Protein, lactose, total solids, and urea Ndiluted with water, 1:1) and 4.50 mL of a sodium
concentrations in the milk samples were analyzedarbonate solution (28g/L). The mixture was left at
by infrared spectrophotometry (Bentley modelroom temperature in darkness for 30 min and the
2000; Bentley Instrument Inc., Chaska, MN). Milkabsorption was measured at 760 nm using a UV—
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visible spectrophotometer. A standard curve wasiL FeCk (0.1% in HCI 10 mM), and the
prepared using gallic acid and the results werabsorbance was measured at 700 nm on a UV-Vis
expressed as grams of gallic acid equivalents pspectrophotometer and reducing power was
kilograms of sticky coffee hull (g GAE/kg) and for reported as gallic acid equivalents (ug GAE/100
milk as pg GAE/mL. mL).

The flavonoid content of sticky coffee hull andAll the data were analyzed as a 4 x 4 Latin square
milk was dissolved in methanol (100%), 0.3 mLdesign balanced for residual effect using the
from theses solution were mixed with 0.15 mL ofMIXED procedure of SAS (2003) with the
aluminum chloride (0,5%, wi/v) in methanol andfollowing model:

2.25 mL of methanol (Woisky and Salatino 1998; Yiu =p+G+R+T + g,

Sanchez et al. 2010). The mixture was left at room, . .o Y« = the dependent variablg, = overall

temperature for 30 min and the absorption wag on Cj = random effect of cow (j = 1 to 4),P

measured at 425 nm using a UV_v's'bleﬁxed effect of period (k = 1 to 4), E fixed effect
spectrophotometer. The results were expressed treatment (I = control, soybean oil, oil + 100

grams of quercetin equivalent per kilograms o -
. g/kg coffee hull, oil + 150 g/kg coffee hull), and
sticky coffee hull (g QE/kg) and pg GAE/100 mLam = random residual error. Significance was

?’ngr?ciilll;:ing power was determined as describ determined at & 0.05. When a significant F-test
by Zhu et al. (2002) with some modifications. The as detected, multiple comparisons were done

protein from the milk was precipitated with using a Tukey adjustment for the probability.
trichloroacetic acid solution (20%; w/v) (1:1; v/v)

and the solution was centrifuged (1058 x g, 20°CRESULTS

for 10 min. A 0.25 mL aliquot from the

supernatant was mixed with 1.25 mL of phosphat®ry matter intake was similar (P>0.05) among the
buffer (0.2 M, pH 6.6) and 1.25 mL of potassiumdiets, expressed in kg/d and as percentage of body
ferricyanide [K3Fe(CN)6] (1% in HCI, 10 mMm). weight (Table 3). The digestibility of dry matter
The mixture was then incubated at 50°C for 2@nd non-fiber carbohydrates were similar among
min. Afterward, 1.25 mL of trichloroacetic acid the diets (P>0.05). However, crude protein
(10%) was added to the mixture, which was thefligestibility was reduced in the cows fed 150g/kg
centrifuged at 1058 x g for 10 min. Finally, 2.5 mLof SCH (DM basis), when compared to those fed
of the supernatant was mixed with 2.5 mL of 0.5CON, SBOIL and SOCH-100

Table 3 - Intake, digestibility and total digestible neitnts of Holstein cows fed no soybean oil and coffal
(CONT), 30 g/kg DM soybean oil (SBOIL), 30 g/kg Dddybean oil and 100 g/kg of coffee hull (SOCH-16030
g/kg DM soybean oil and 150 g/kg DM coffee hull (S&@-150).

Diets
Item CONT SBOIL SOCH-100 SOCH-150  SE P-value
Intake
DM (kg/d) 19.9¢ 18.87 19.97 18.3¢ 0.8¢ 0.50¢
DM (g/kg of BW) 3.4(C 3.32 3.4¢ 3.1¢ 0.2¢ 0.837
Digestibility (kg/kg;
DM 0.691 0.691 0.70: 0.66¢ 0.011 0.21¢
CP 0.70¢ 0.717 0.71¢ 0.657 0.01( 0.00¢
EE 0.757 0.817 0.81% 0.82C 0.03: 0.05(
NDF 0.517F 0.50€ 0.45% 0.38¢ 0.017 0.00:
NFC 0.80¢ 0.79: 0.84¢ 0.82¢ 0.01¢ 0.13¢
Total dicestible nutrients (g/k
TDNopsenve 642.2° 668.5° 674.7 638.28° 0.7¢ 0.02(

@ M\eans within a row with different superscripts difat R0.05

The digestibility of EE was increased whenCONT diet. On the other hand, NDF digestibility
soybean oil was added in the diets (SBOILdecreased when SCH was added to the diets,
SOCH-100 and SOCH-150), compared with theresenting lower values for SOCH-150. However,
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the NDF digestibility was better and similardiets when compared with CONT and SBOIL,

between the CONT and SBOIL diets. Thewhich were also similar between each-other. Milk

estimated digestibility of TDN presented higherurea nitrogen gradually decreased with soybean oil
values for SBOIL and SOCH-100 when comparedhclusion, decreasing further with SCH inclusion.

with CONT and SOCH-150 diets, which wereThe lowest value was observed for SOCH-150
similar between each-other. when compared to those fed CONT, SBOIL and
The milk production (as kg/d) and corrected forSOCH-100 (Table 4). Treatments had no effect on
4% of fat were similar (P>0.05) among the dietdhe proportions of protein, fat and total solids in

(Table 4). Milk components yields (kg/d) weremilk. The total polyphenols in the milk increased

also not affected by the treatments, neither SC®ith SCH inclusion, presenting higher values

However, when considered in percentage, lactosghen 15g/kg of SCH were fed to the animals.
in milk was reduced when SCH was supplied t&imilar pattern was observed for flavonoids and
the animals, for both SOCH-100 and SOCH-15@educing power in the milk (Table 4).

Table 4 - Milk production, milk composition and blood comgam of Holstein cows fed no soybean oil and ceffe
hull (CONT), 30 g/kg DM soybean oil (SBOIL), 30 g/loM soybean oil and 100 g/kg of coffee hull (SOCBD)
or 30 g/kg DM soybean oil and 150 g/kg DM coffed (BOCH-150).

Item Diets

CONT SBOIL SOCF-10C  SOCF-15C SE P-value
Milk production (kg/d 26.2: 28.6¢ 29.7 26.7¢ 2.17 0.64:
4% FCM (kg/d 23.0¢ 22.8¢ 22.8i 21.4¢ 1.6 0.89:

Milk composition (%
Proteir 3.0¢ 3.0¢ 3.1z 3.0¢ 0.1¢ 0.99¢
Fat 3.3¢ 2.6¢ 2.57 2.97 0.3t 0.421
TS 11.9¢ 11.25 10.57 10.8: 0.3¢ 0.09¢
Lactost 4.5¢ 4.5¢ 4.2C 4.1C 0.0¢ 0.00¢
Urea N (mg/dL 14,57 12,55 11.2¢° 8.71 0.62 0.007
Milk yield (kg/d)
Proten 0.7t 0.74 0.7t 0.7z 0.0¢ 0.99¢
Fai 0.8z 0.67 0.63 0.71 0.1« 0.80¢
TS 2.9¢ 2.7 2.517 2.5t 0.37 0.87i
Lactost 1.13 1.12 1.0 0.9¢ 0.1¢ 0.83¢
SCS (loySCS 2.01 2.0t 1.71] 2.0¢ 0.22 0.64
Milk stability
g‘gg‘,rﬁ’fi‘{pheno'sug 19.8% 26.00 29.47 3307 0906  <0.0001
Flavonoids pg QE/mL 0.4€° 0.64 0.7€* 0.8C° 0.04¢ 0.00:
gi%lﬁrﬂ? POWerHg 17.98 16.84 20.28° 30.6F 2.534 0.001
Plasma concentration (mg/c

Glucost 65.0( 63.5( 66.2f 64.0( 1.3¢€ 0.53:
Triacylglycero 8.5(C 11.0¢ 10.5( 11.2¢ 1.7¢ 0.70:
HDL 70.7¢ 90.7¢ 92.5( 87.5( 6.0z 0.112
LDL 44.3(° 76.0% 79.9C 69.0C 7.21 0.00:
VLDL 1.7¢ 2.2C 2.1C 2.2F 0.3t 0.701
Total Cholester 116.7% 169.0C 174.5¢ 158.7% 12.7¢ 0.041

#Means within a row with different superscripts difit P< 0.05.

Cows fed high PUFA diets (SBOIL, SOCH-100SOCH-100 and SOCH-150. The soybean oil
and SOCH-150 diets) showed higher LDL andnclusion led to a decrease in rumenic acid
total cholesterol levels in the plasma than thescow(cis9transl1-18:2) concentration, since the
fed CONT diet (Table 4). Glucose, triacylglycerol,SBOIL and SOCH-100 decreased this fatty acid in
HDL and VLDL in plasma were not affected bythe milk, presenting the lowest value for SOCH-
treatments. In general, the milk fatty acids peofil 100. However, when SOCH-150 was fed, the
was not modified by the diets (Table 5).concentration of rumenic acid was similar to
Nevertheless, the concentration @$9-18:1 was CONT (Table 5).

lower when cows were fed SBOIL compared with
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Table 5 - Fatty acid profile in milk (g/kg of total fatty &b of Holstein cows fed no soybean oil and coffes!
(CONT), 30 g/kg DM soybean oil (SBOIL), 30 g/kg Dddybean oil and 100 g/kg of coffee hull (SOCH-16030
g/kg DM soybean oil and 150 g/kg DM coffee hull (S&@-150).

ltem Diets
CONT SBOIL SOCH-100 SOCH-150 SE P-value

4:0 19.5 18.¢ 16.5 22.€ 4.02 0.73(
6:C 19.¢ 22.€ 14.¢ 21.2 3.6¢€ 0.497
8:C 17. 15.¢ 11.1 15.1 2.3 0.35¢
10:C 35.¢€ 30.7 26.4 30.C 3.1Z 0.24%
11:C 4.8 3.¢ 2.2 3.7 0.87 0.25¢
12:C 28.7 29.2 27.1 26.€ 1.0¢ 0.30¢
13:C 1.€ 1.1 2. 0. 1.3F 0.69¢
14:C 75.¢€ 78.E 89.: 70.4 5.01 0.14:
cis-9 14:1 .3 i 6.€ 5.E 1.2t 0.82¢
15:C 11.€ 9.4 7.€ 8. 0.0z 0.79(
16:C 177.c 173.1 150.C 165.t 8.1¢ 0.19¢
cis7-16:1 4.t 4.C 3.4 3.7 0.3¢€ 0.27¢
Cis9-16:1 6.4 4.7 3.2 4.5 1.47% 0.551
17:C 6.2 5.2 3.¢ 4.6 0.4¢ 0.081
17:1 2.2 2. 1.t 1.€ 0.5t 0.66<
18:C 201.1 213.¢ 222.¢ 212.( 9.1C 0.48(
Cis9-18:1 2741 265.%° 311.2 303.5%* 13.1¢ 0.050
tran<9-18:1 20.1 34.c 28.¢ 20.¢ 8.17 0.59(
€is9,12-18:2 28.F 37.C 30.C 30.€ 4.2¢ 0.48:
tran<9,12-18:2 4.2 3.1 3.C 2.€ 0.8C 0.53¢
cis6,9,1:-18:2 6.2 1.6 2.4 3.C 1.24 0.157
Ci<9,12,1%-18:< 7.3 5.C 6.5 7.2 1.11 0.44(
cis9tran<11-18:2 16.C° 11.28 8.¢° 14.C 1.4Z 0.05(
20:C 7.8 7.7 4. 5. 1.62 0.E37
ci<9, 20:] 3.€ 2.5 2.2 2.2 0.47 0.251
cis€,11,1420:5 0.4: 0.6t 0.71 0.7¢ 0.12¢ 0.36¢
cist,8,11,1+~20:4 1.7 1.4 1.6 1.5 0.32 0.84¢
Other¢ 11.£ 11.€ 10.2 10.z 1.9¢ 0.847
Total tran: 40. 48.7 40.¢ 37.t 9.51 0.85¢
MUFA® 322.¢ 323.¢ 362.1 348.( 12.€3 0.07¢
PUFA® 65.2 61.C 53.¢ 60.¢ 6.01 0.50(
SFA° 612.¢ 615.7 584.2 591.1 14.4¢ 0.24¢
PUFA/SFA 0.11 0.1C 0.0¢ 0.11 0.01( 0.41-
n-3° 7.3 5.2 6.€ 8.C 1.1C 0.41:
n-6' 41.1 44.C 37.¢€ 38.t 5.32 0.791
n-6:n-3 5.€ 8.t 5.7 4. 2.65 0.18¢

3 vleans within a row with different superscripts difat P< 0.05.
‘Others = cis9-14:1 + 20:0 + 20:2 eis5,cis8,cisl1cisl4cisl7-20:5 + 21:0 + 22:0 + 22:2 + cis13,cis16,cisPAR +
cis4,cis7,cis10,cis13,cis16,cis19-22:6 + 23:0 ©2424:1;

IMUFA = monounsaturated fatty acids; PUFA = polyunsated fatty acids; SFA = saturated fatty acids;
%is9,12,15-18:3 +is5,8,11,14,17-20:5 + 22:5.

fcis9,12-18:2 +cisB,9,12-18:3 +eisl1,14-20:2 +cis8,11,14-20:3 +is5,8,11,14-20:4.

DISCUSSION

indigestible nitrogen content in SCH (Souza et alconsidered

1972). However, when animals were fed with
concentrations lower than 1.2 g/kg of caffeine and
Treatment effects on dry matter digestibility were7.5 g/kg of tannin (on DM basis), no negative
similar for all the diets. However, some nutrienteffects on the intake and nutrient utilization were
presented variation, resulting in alteration in thebserved (Cabezas 1976).
TDN of the diets. Reduction effects on CPcaffeine and tannin concentrations in the diets of
digestibility appeared to be related to the highhe present experiment (Table 2) were low to be

responsible for

It suggested that

reducing protein

2010). This feed has also some substancedigestibility. However, these substances added to
caffeine and tannin that should be consideredther factors, such as high indigestible nitrogen,

These substances were previously
harmful for nutrient utilization (Bressani et al. of protein.

reportechight have contributed to reduce the digestibility
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There are reports on lower NDF digestibility ofobserved in milk of cows from calving to 28
feeding dry coffee hull to dairy cows (Rocha et alweeks of lactation (Petit and Cortes 2010) fed
2006a; Rocha et al. 2006b). The high ligninflax-based diets. In these studies such observations
content of SCH in the dry coffee hull could limit were attributed to the effects of linolenic acidrir

the digestibility of polysaccharides from cell wall flaxseed on glucose metabolism, which could
in the rumen (Jung and Allen 1995). Theimprove gluconeogenesis rate (Mashek and
inclusion of soybean oil in the three diets resulte Grummer 2003) and contributed to increase
about 7% increase in the ether extract digesibilitlactose concentration in the milk. Thus, possible
when compared to the control diet. Indeed, lipidehanges in glucose metabolism promoted by the
have a higher energy value, with a digestibility inSCH might be related to decrease in lactose
the small intestine of ruminants ranging from 0.&ercentage in the milk. Therefore, the reduction in
to 0.9 kg/kg (Kozloski 2002), increasing themilk lactose must be more studied.

digestibility of ether extract. Thus, increaseliet Milk urea nitrogen (MUN) is a useful parameter to
ether extract digestibility was caused by the iatakpredict the nutritional and reproductive stages of
of the dietary soybean oil. Soybean oil is rich indairy cows (Grande et al. 2009). The average
polyunsaturated fatty acids, which show bettevalues of N-urea in milk usually range from 12-18
digestibility than saturated fatty acids (Palmquisig/dl (Santos et al. 2009). However, Oltner and
and Mattos 2006). The increase of EE digestibilityWiktorsson  (1983) reported that MUN
could explain the higher concentration of TDN inconcentrations below 14 mg of N/dl, as observed
the diets with soybean oil, except for SOCH-15Gor the cows fed diets with the SCH, indicated
diet. The reductions observed in the CP and NDsufficient CP per unit of dietary energy. This
digestibility also could contribute to alter the ND effect could explained by the high indigestible
of the diets (Table 3). The inclusion of soybedn oinitrogen in SCH, represented by NDICP and
certainly contributed to reduce the NDF and CFADICP (Table 1), and as consequence, its increase
digestibilities (Table 3), as the fat had a praotect in the diets (Table 2). The supplementation of
effect against the digestion, resulting in a fat tsoybean oil might have contributed to the
protein inversion in the milk (Table 4). reduction in MUN in diets with SCH, which could
Sticky coffee hull decreased milk lactoseresult a decrease in ammonia concentration in the
concentration. However, milk lactose content igumen (Doreau and Ferlay 1995) and possibly
barely influenced by the diet and changes in thamfluence the MUN concentration.

concentration are generally uncommon becaudether dietary feed ingredients used in the present
this carbohydrate is synthesized and secretecat thtudy also contained polyphenols and flavonoids.
same rate as milk (Pulina et al. 2008). Even sd;giiés et al. (2012) described polyphenols in corn
changes in lactose concentration have beestalks, which were present in corn silage. Adom
reported in some studies with dairy cows; forand Liu (2002) quantified the phenolic compounds
example, decrease in milk lactose percentage was corn grain. Barbosa et al. (2006) described the
observed by Van Knegsel et al. (2007) in the cowstal phenolic compounds in soybean meal, which
fed lipogenic diets (high EE and NDF and lowsupported the presence of polyphenols and
starch content) compared with the cows fedlavonoids in the control and SBOIL diets,
glucogenic diets. This reduction was attributed tqustifying the reducing power observed in these
the concomitant higher somatic cell countdreatments (Table 4). According to Zhu et al.
observed in the cows fed lipogenic diets. Mastitig2002), there is a relationship between the amount
has been associated with mammary tissue damags total phenolic compounds and reducing power.
opening of tight junctions between the secretorlthough soybean oil contained polyphenols and
cells and increase in the permeability of bloodlavonoids, it was not responsible for increasing
capillaries (Kitchen 1981), resulting in diffusiofi  the reducing power observed in the milk. The
ions down their respective concentration gradientsicrease was due to the inclusion of SCH, since
and decreases milk lactose proportion to maintaithe increase was only observed when SCH was
a constant osmolarity in the milk (Kaufmann andncorporated into the diets. This effect was eviden
Hagemeister 1987). However, differences in SC@vhen 15% of SCH was added to the diets,
were not observed in the current study (Table 4)ncreasing to 75% the reducing power in the milk
which excluded this justification. In contrast,when compared to the CONT and SBOIL diets,
increases in the milk lactose concentration werand an increase to 50% when compared to SOCH-
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