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Abstract: This study aims to examines the effect of the physically effective Neutral Detergent Fiber (peNDF) value of 
the roughage on milk composition and milk yield. Physically effective NDF varies depending on the particle length 
of the roughage and the amount of structural and non-structural carbohydrates in the ration. The quality, quantity, 
and particle length of the roughage are extremely important for rumen health. The longer the particle length of 
the roughage is, the more the cow ruminates and produces more saliva. The produced saliva is used to balance the 
rumen pH. It is aimed to protect rumen and animal health, to improve milk production and fertility, and to make 
more efficient animal husbandry with the optimum preparation of the physically effective NDF levels in the ration. 
Providing the balance of energy, protein, and fiber required by cows in the early lactation period, maximizing the 
microbial yield and protecting the rumen health are possible with the optimum NDF in the ration. In this period, 
it is aimed to maintain the lactation peak by promoting dry matter intake. In our study, it was observed that the 
difference between farms was significant for the milk composition properties of peNDF content and the number of 
somatic cells (P<0.001). It has been determined that the difference between farms on the impact of peNDF value on 
daily milk yield is was not significant.
Keywords: Physically effective NDF, lactation, rumen health, milk composition, milk yield 

Fiziksel etkin nötral deterjan lif’in süt bileşimi ve süt verimi üzerine etkisi
Özet: Bu çalışmanın amacı kaba yemin fiziksel etkin Nötral Deterjan Lif değerinin süt bileşimi ve süt verimi üzerine 
etkisini incelemektir. Fiziksel etkin NDF kaba yemin partikül uzunluğuna ve rasyondaki yapısal olan ve olmayan 
karbonhidratların miktarına bağlı olarak değişmektedir. Rumen sağlığı açısından kaba yemin kalitesi, miktarı ve 
partikül uzunluğu son derece önemlidir. Kaba yemin partikül uzunluğu ne kadar artar ise inek o kadar fazla geviş 
getirir ve daha fazla tükrük üretir. Üretilen tükrük rumen pH’sını dengelemede kullanılmaktadır. Rasyondaki fiziksel 
etkin NDF düzeyinin optimum şekilde hazırlanması ile rumen ve hayvan sağlığının korunması, süt ve döl veriminin 
iyileştirilmesi ve daha verimli bir hayvancılık yapılması amaçlanmaktadır. Erken laktasyon dönemindeki ineklerin 
ihtiyacı olan enerji, protein ve lif dengesinin sağlanması ile mikrobiyal verimin en üst düzeye çıkarılması ve rumen 
sağlığını koruması rasyondaki optimum NDF ile mümkündür. Bu dönemde kuru madde alımının teşvik edilmesi ile 
laktasyon pikinin sürdürülmesi hedeflenmektedir. Çalışmamızda peNDF içeriğinin süt bileşimi özellikleri ve somatik 
hücre sayısı için işletmeler arası farklılığın önemli olduğu görülmüştür (p<0,001). peNDF değerinin süt verimi 
üzerinde işletmeler arası farklılığın önemsiz olduğu tespit edilmiştir.  
Anahtar kelimeler: Fiziksel etkin NDF, laktasyon, rumen sağlığı, süt bileşimi, süt verimi 

Introduction
Total Mixed Ration (TMR) is used in feeding dairy 
cattle in the world and our country. This system is 
the most suitable feeding system in terms of milk 
yield, fertility, and feeding costs. TMR is a feeding 
system that roughage and concentrate feed are 
mixed in the ration prepared according to the nut-
ritional requirements of animals and presented as 
ad libitum.

In plants, carbohydrates are divided into two 
as structural and non-structural carbohydrates. The 
structural carbohydrates found in the cell wall are 
pectin, β-glucan, galactosides, arabinoxylan (pento-
sans), hemicellulose, cellulose, and lignin. Non-stru-
ctural carbohydrates in the cell are organic acids, 
starch, and sugars. Carbohydrates are produced 
by photosynthesis and stored in plants. Vegetable 
carbohydrates consist of cell contents (sugars and 
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starch) and cell wall elements (cellulose, hemicel-
lulose, lignin). Among the carbohydrates, starch is 
abundant in grain feeds, and cellulose is abundant 
in roughages. Starch and cellulose are glucose mo-
lecules linked by different chemical bonds. Starch is 
digested by enzymes in the digestive system, while 
cellulose is digested by enzymes produced by mic-
roorganisms in the digestive system. Microorganis-
ms also digest hemicelluloses in the digestive sys-
tem and convert them into organic acids (volatile 
fatty acids), which are the primary energy source of 
the organism. The main component of the plant cell 
wall is cellulose. Cellulose is a homogeneous glu-
cose polymer of glucose molecules linked by β-1,4 
glycoside bonds. It is only found in cotton in its pu-
rest form. Hemicellulose is a heterogeneous poly-
saccharide with 5 and 6 carbons and linked by β-1,4 
glycoside bonds such as xylose, arabinose, manno-
se, galactose, and glucose. Hemicellulose is soluble 
in diluted alkalis (NaOH), but cellulose is insoluble. 
Lignin has a structure like a glue that binds cellulose 
and hemicellulose together. Lignin is not a carbo-
hydrate and has a water-repellent nature. The ba-
sic structure of lignin is phenyl propane derivative. 
Microorganisms in the rumen break down cellulose 
in feeds with the enzymes they synthesize and con-
verted into volatile fatty acids, carbon dioxide, and 
methane gas. Thus energy is obtained (Kirchgessner 
1985).  

Forage crops contained in roughages are cru-
cial in feeding dairy cattle. Forage crops are indis-
pensable for ruminant nutrition. Since forage crop 
cultivation is insufficient in Turkey, cattle breeding 
confronts a roughage shortage. The ration should 
include the amount of a nutrient that will promo-
te the desired yield level according to the animals’ 
genetic capacity. The forage crop should be harves-
ted when it contains the most protein. This period is 
also the period when the amount of Neutral Deter-
gent Fiber (NDF) is the least. Ration NDF rate should 
not exceed 30%, and the Acid Detergent Fiber (ADF) 
rate should not exceed 19% for cattle producing 
high milk yield. Animals like to consume high-qu-
ality roughage. When compared to high-quality al-
falfa consumption, low-quality alfalfa consumption 
causes economic damage according to dry matter 
intake and milk yield rates. Planting fodder crops 
together (carbohydrates-rich Poaceae and prote-
in-rich Legume) improves the quality of feed. The 
amount and ratio of fiber (NDF, ADF) found in fora-
ge crops determine the quality. The higher the fiber 
ratio in the fodder crop is, the lower the digestion 

rate is. While the structural, fibrous carbohydrates, 
namely hemicellulose, cellulose, lignin in the cell 
wall form the NDF fraction, cellulose and lignin form 
the ADF fraction (Budak and Budak 2014). 

The Weende chemical analysis method is used 
to determine the nutrients in the feed. While this 
method shows the chemical composition of feed 
nutrients as raw nutrient content, it shows cellulo-
se, hemicellulose, lignin contents as crude cellulo-
se. In the Van Soest analysis method, the chemical 
composition of feeds is divided into two as cell wall 
and cell contents. Van Soest’s analysis method spe-
cifies the fibrous structures (cellulose, hemicellulose, 
and lignin comprising the cell wall) in the NDF, ADF, 
Acid Detergent Lignin (ADL), fractions. The Van So-
est method is based on the principle of determining 
the remaining cell wall amount as NDF, ADF, ADL 
after the feed sample is boiled with acid and neutral 
detergent, filtered, dried, and weighed (Van Soest 
et al. 1991).

In recent years, NDF and ADF values have been 
used instead of raw cellulose (cellulose, hemicellu-
lose, lignin) values. NDF and ADF values provide in-
formation about the amounts of some compounds 
in the plant cell wall. Since these woody substances 
in the plant’s structure are difficult to digest and 
turn into energy, NDF and ADF values are extremely 
important for healthy, efficient, and correct animal 
nutrition. NDF can be characterized as the principal 
part of the plant cell wall. It contains compounds 
such as hemicellulose, cellulose, lignin. The NDF va-
lue of the feed is a ratio that determines the amount 
of dry matter that the animal can directly consume 
according to its body weight. ADF value is obtained 
by subtracting the amount of hemicellulose from 
the NDF value. The ADF value of the feed gives the 
digestible dry matter amount. The digestible dry 
matter consumption of the cow ensures the diges-
tible energy to be calculated. The more digestible 
dry matter the animal consumes, the more energy 
it produces, and the more energy, milk, and meat it 
generates. The low ADF amount of the feed indica-
tes that it has a high digestion degree and energy. 
The low amount of NDF and ADF in the feed shows 
that its consumption, digestion, and energy are 
high, while the high amount of NDF and ADF shows 
that its consumption, digestion, and energy are low. 
The digestibility degree of intracellular compounds 
(starches, fats, proteins, sugars, pectins) is much hi-
gher than cell wall compounds. Therefore, the fo-
rage cell wall components (NDF, ADF) should be at 
a low value. The excess amount of NDF and ADF 
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in the feed reduces dry matter consumption, diges-
tibility, and energy intake. In the digestive system, 
indigestible feed materials prevent dry matter con-
sumption as they create a feeling of satiety. Thus, 
the critical nutrients cannot be taken for high pro-
ductivity. Easily digestible nutrients in the digestive 
system increase animal’s dry matter consumption 
and energy. Minumum % NDF and % ADF require-
ments in the rations was reported as: NDF = 25-30 
(Herdt 2014), 25-33 (NRC 2001), and ADF = 17-21 
(NRC 2001). The animal consumption limit of the 
NDF was estimated as 1.2% of the animal’s weight 
(Beauchemin 1996).

The TMR consumed by the cow contains 65-
75% dry matter. Starch, pectin, and sugar must be 
high in TMR for maximum microbial protein for-
mation. If the forage plant is harvested before or 
at the beginning of flowering, it contributes to the 
increase in milk yield. Roughages can be listed ac-
cording to their quality as alfalfa hay, alfalfa silage, 
corn silage, hay silage, and wheat silage. In terms 
of the roughage ratio in TMR, if roughage NDF di-
gestion increases, dry matter consumption and milk 
yield increase. If the amount of NDF in TMR is abo-
ve 25%, the rumen pH value will be greater than 6. 
Grain feeds are listed as wheat, barley, oat, corn, and 
sorghum according to their decomposition rate in 
the rumen. Finely ground maize is better digested 
than crushed corn (Oba and Allen 1999).

This study aims to examine the effect of the 
physically effective NDF (peNDF) value of roughage 
on milk composition and milk yield.

Material and Method
Feed analysis: peNDF value, particle size. The study 
was carried out in two different commercial dairy far-
ms in Balıkesir (coordinates: 39°42ʹ31ʺN 27°53ʹ11ʺE, 
39°48ʹ51ʺN 27°57ʹ26ʺE). 0.5 kg of fresh TMR feed 
samples were taken separately from both dairy far-
ms, brought to the laboratory in airtight bags, and 
kept at -20°C until analysis. After the feed samples 
were cut into small pieces (1 cm), they were dried in 
the oven at 65°C for 48 hours until the weight did 
not change and the nutrient levels were determi-
ned. TMR forage samples were ground in a 1 mm 
sieve mill (Retsch ZM 200 ultra centrifugal mill) for 
analysis. Nutrient values of TMR feed were analyzed 
according to AOAC (1990) for dry matter (method 

934.01), Crude Ash (method 942.05), Crude Prote-
in (method 954.01), Ether Extract (method 920.39), 
Crude Cellulose (method 962.09), and Starch (met-
hod 920.40). NDF, ADF, and ADL analysis of TMR 
feed samples were analyzed using the automatic 
fiber device Gerhard FT12 (2014) according to the 
methods reported by Van Soest et al. (1991). Penn 
State Particle Separator (PSPS) TMR was helpful to 
estimate particle size. The separator has three sieves 
and a sub-sieve (cup). The diameters of the sieves 
were 19 mm, 8 mm, 1.18 mm, respectively, from the 
top. Each TMR sample particle size was found by 
horizontally shaking at least 66-times per minute 
in PSPS. The physical efficacy factor (pef) was cal-
culated as the percentage of particles retained on 
the 1.18 mm screen of PSPS. The peNDF value was 
determined by multiplying pef by the proportion 
of NDF in the TMR (Mertens 1997; Kononoff et al. 
2003a; Yang and Beauchemin 2005). 
Milk analysis: For preservative purposes, milk 
samples were collected into sterile sample contai-
ners containing potassium dichromate and brought 
to the laboratory under the cold chain. Protein and 
fat in the milk samples were determined using an 
autoanalyzer (Bentley Instruments Inc USA) accor-
ding to the manufacturer’s instructions and Iñón et 
al., (2004). Somatic cell numbers and total bacterial 
numbers were determined with the IRT method (IR 
FlexCam S, Infrared Solutions Inc USA), under ISO-
21187/IDF 196, according to Berry et al. (2003) met-
hod. 
Statistical analysis: The statistical analysis of milk 
composition properties was compared by General 
Linear Model analysis. In the current statistical mo-
del, farm, measurement month, and farm × mea-
surement month interaction factors took place as  
fixed effects. An independent sample t-test was 
used to compare the dairy farms in terms of daily 
milk yield. Statistical analyzes were made using the 
SPSS 13.0 program. 

Results
Table 1 shows the Nutrients Composition (DM%) of 
the TMR, Table 2 shows the particle size distribu-
tions, NDF, and peNDF values of the TMR (DM%), 
Table 3 shows the effect of peNDF value on milk 
composition and Table 4 shows the impact of peN-
DF value on milk yield. 
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Table 1. Nutrient composition (DM%) of total mixed ration 
(TMR).
Item 1st Dairy Farm TMR 2st Dairy Farm TMR
DM % 49.28 52.48
EE 4.96 4.40
CP 16.82 16.75
CF 18.43 11.15
CA 7.22 7.83
Starch 22.17 32.39
NDF 37.07 30.08
ADF 26.14 18.75
ADL 3.16 2.86

DM= Dry Matter, EE= Ether Extract, CP=Crude Protein, CF= Crude 
Fiber, CA= Crude Ash, NDF= Neutral Detergent Fiber, ADF= Acid 
Detergent Fiber, ADL= Acid Detergent Lignin

Table 2. Particle sizes distribution, NDF, and peNDF values of 
the total mixed ration (DM%).
Particle size 
distribution (DM%)

1st Dairy Farm 
TMR

2st Dairy Farm 
TMR

˃19 mm 14.62 6.74
19-8 mm 42.08 36.50
8-1.18 mm 31.86 33.33
˂1.18 mm (Pan) 18.42 23.41
pef1 0.81 0.76
NDF 37.07 30.08
peNDF2 30.02 22.86

Table 3. The effect of physically effective NDF (peNDF) value on milk composition.

Item
1st Dairy Farm 2st Dairy Farm

P-value
Mean SE Mean SE

Milk fat % 3.89 0.021 4.47 0.015 <0.001
Milk protein % 3.01 0.009 3.09 0.006 <0.001
Milk lactose % 4.89 0.004 4.85 0.003 <0.001
Dry matter % 12.16 0.029 12.51 0.020 <0.001
Urea % 12.58 0.059 11.94 0.042 <0.001
Somatic cell count (cells/ml) 208.56 3.553 243.6 2.499 <0.001

Between-farm differences are significant in milk composition characteristics and somatic cell count (P <0.001).

Table 4. The effect of physically effective NDF (peNDF) value on milk yield.
1st Dairy Farm 2st Dairy Farm

P-value
Mean SE Mean SE

Milk yield, kg/d 33.83 0.60 32.76 0.41 0.162

Discussion and Conclusion
It has been reported that the high peNDF content 
of the ration has no effect on feed intake, milk pro-
duction, and milk composition, and also, the high 
digestibility resulting from the high peNDF in the 
ration does not significantly improve milk yield and 
milk composition in mid-lactating cows (Yang and 
Beauchemin 2005). It has been stated that when 
there is a sufficient amount of peNDF in the ration, 
the milk fat percentage may be constant (Gencoglu 
et al. 2007). 

It has been stated that the decrease in particle 
size of corn silage and an increase in volatile fatty 
acid do not affect rumen pH (Kononoff et al. 2003b). 
Although chewing activity is closely related to roug-
hage particle size, it has been reported that its effect 

on rumen pH is small, and also, when the NDF level 
meets the recommended level, the specified factors 
other than particle size have critical importance on 
rumen pH level. Although small particle size clover 
silage-based feeding results in animals consuming 
more feed, it has been stated that milk yield is not 
affected by this situation (Kononoff and Heinrichs 
2003c). 

It has been suggested that peNDF measured 
by Penn State Particle Separator (PSPS) has a weak 
predictive effect on rumen pH level, but measuring 
particle size using PSPS can help understand the fa-
ctors affecting feeding behavior (Kononoff and He-
inrichs 2003d).

In a study in which cottonseed and DDG roug-
hages were used instead of alfalfa silage, according 
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to the milk fat test, the ration peNDF values were 
found 58% and 31.5%, respectively. It was stated 
that these peNDF rates did not affect milk yield 
but caused an increase in milk fat and protein yield 
(Clark and Armentano 1993). The current study is 
also consistent with these results, and it has been 
observed that the 30.91% and 22.86% of peNDF ra-
tio of rations did not affect the milk yield and the 
milk composition properties. 

In a study using alfalfa hay and wheat straw ins-
tead of corn silage, peNDF values   were found betwe-
en 33.24 and 36.30, and it was stated no effect on 
milk composition and yield (Gencoglu et al. 2007). 
Contrary to these results, in our study, peNDF va-
lues in the farms   were different, between 22.86 and 
30.02, and the difference between the farms were 
found significant in the milk composition characte-
ristics and the number of somatic cells (P<0.001). 

Determining the NDF effectiveness for main-
taining milk fat production and optimizing ruminal 
fermentation depends on the structural properties 
and particle length of NDF, which affects milk fat 
production, ruminal pH, and chewing activity (Mer-
tens 1997). 

In conclusion, there is no information available 
about the cattle’s peNDF requirements in TMR. Be-
sides, it is not known that whether the peNDF value 
has any effect on milk composition and milk yield. 
Therefore, more studies on peNDF are needed.  
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