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Abstract 

 
This study was conducted to evaluate the production response of Holstein cows fed cold-pressed soybean meal. 

Twenty-four cows were assigned to one of four treatments in a randomized complete block design. Treatments were: 
diet containing solvent extracted soybean meal (T1) and three diets containing 6, 12 and 18% cold-pressed soybean 
meal (CSBM), respectively T2, T3 and T4. DMI varied from 22.86 to 25.80 kg/d and was not affected by 
treatments, however it tended to be higher (P<0.1) for T4 when compared to T3. Milk protein, milk fat, energy 
corrected milk and feed efficiency (FE) did not differ between treatments (P>0.05).  Mean milk lactose % was lower 
(P<0.05) for T3 compared to T1 and did not differ between T2 and T4 (P>0.05). Feed efficiency tended to be lower 
(P<0.1) in T4 compared to the rest of the group. Body weight gain was higher in T3 and lower in T4 compared to 
the reste of the treatments (P<0.05). Only cows in T4 lost BW and BCS (-12 kg; -0.15) during the experimental 
period. Included at 12%, CSBM was adequate to support milk and protein yields with the highest body weight gain.  
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Introduction 

 
High producing cows have a large requirement for 

nitrogen in the form of amino acids. The amino acid 
pool to meet requirement comes from rumen 
undegradable protein, microbial protein and mobilized 
protein. Microbial protein synthesis cannot supply all of 
the protein needs of high producing cows (NRC, 1985). 
Therefore, a substantial amount of dietary 
metabolizable protein must be fed to attein high milk 
production. Ruminal microorganisms degrade much of 
the dietary protein to ammonia and VFA (Annison, 
1956); therefore, efforts have been made to make high 
quality protein directly available without microbial 
modification (Atwal et al., 1995). 

Soybean is a relatively inexpensive protein 
supplement for dairy cattle with a favourable amino 
acid profile and high ruminal degradability (NRC, 
2001). Most soybeans are processed to remove the oil 
for use as edible fats. Soybean products are 
characterized by high palatability and well-balanced 
and available essential amino acid contents but 
extensive ruminal degradability limits their utilization 
by ruminants as sources of rumen udegradable protein 
(RUP). Various methods have been used to treat 
Soybean products to alter their ruminal degradability 
and consequently increase their escape protein content 

(Awawdeh et al., 2007).Depending on technology used 
in different oil plants solvent-extracted soybean meal, 
expeller-extracted or cold-pressed soybean cake is 
produced.  

Many articles have been published about chemical 
composition, nutrient value and feeding solvent 
extracted soybean meal to dairy animal. There is little 
about cold-pressed cake. Both, chemical composition 
and nutritional value of soybean cake are influenced by 
factors related to the processing technology and 
conditions (type of the oil press, temperature, humidity 
during the extraction process etc.) used in particular 
region. Therefore it is imperative to see whether the 
cold-press product from the biodiesel plant corresponds 
with the standard product and at what level should we 
feed it. The aim of this study was to investigate the 
effects of locally produced cold-pressed soybean meal 
on milk production and composition and body weight 
gain by Holstein cows.  

 
Materials and Methods 
 

Twenty four multiparous Holstein cows averaging 
15 ± 3 Days in milk (DIM) were used in a randomized 
complete block design experiment.  They were assigned 
to one of 6 blocks of 4 animals based upon parity, 
previous milk production, and body weight (BW).  The 
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experimental treatments were allocated randomly 
within blocks and consisted of total mixed rations 
containing 6% solvent extracted soybean meal (SSBM) 
(T1); 6% cold-pressed soybean cake (CSBC) (T2); 12% 
CSBC (T3), and 18% CSBC (T4).  Animals received 
their assigned treatment for eight weeks. The CSBM 
was obtained from Ilanga Oil Pty (P O Box 852 
Meyerton) South Africa. 

Cows were housed in a semi-intensive housing unit 
equipped with Calan head gates (American Calan Inc., 
Northwood, NH, USA) for monitoring of DMI. They 
were grouped together in groups (treatments), with each 
group having access to a dirt exercise lot of 500 m2.  
Cows were fed their assigned experimental TMR’s for 
ad libitum consumption in two equal allocations at 0700 
and 1600 h.  Water was added to the TMR at each 
feeding (300 g /kg of feed weight) to improve DMI and 
prevent feed selection.  Feed allocations were 
monitored daily to ensure 50 – 100 g /kg refusals.  
Fresh water was continuously available.  Cows were 
milked daily at 0600 and 1700 h in a 10 point DeLaval 
herringbone parlour equipped with an Alpro Herd 
Management System (DeLaval (Pty) Ltd, Heilbron, 
9650, South Africa). 

Anmal care was consistent with the guide for the 
Care and Use of Animals in Agriculture Research and 
Teaching (1999) and animal use was approved by the 
Animal Ethics Committee of the South African 
Agricultural Research Council, Animal Production 
Institute, Irene, South Africa. 

The amount of TMR offered and refused was 
recorded daily.  Samples of the TMR’s were collected 
weekly, frozen at –20° C and composited by treatment 
(TMR) on a monthly basis.  Samples of refusals were 
collected weekly, frozen at –20° C and composited 
within cow.  The DM contents of TMR and orts were 
determined by drying at 60° C for 48 h.  Once dried, 
samples were ground through a Wiley mill with 1 mm 
screen (Arthur, H., Thomas, Philadelphia, PA, USA) 
and analyzed for DM at 105° C for 24 h, and ash and 
OM contents as described by AOAC (2000).  Crude 
protein was analyzed according to AOAC (2000) 
procedure 968.06, ether extract according to AOAC 
(2000) procedure 920.39. The NDF was determined 
according to Robertson and Van Soest (1991) and ADF 
according to Goering and Van Soest (1988). Non fibre 
carbohydrate (NFC) was calculated from other assayed 
nutrients (Hall, 1998).  Calcium (Ca), potassium (K) 
and magnesium (Mg) were determined according to 
Giron, (1973) using a Perkin Elmer Atomic 
Spectrophotometer. Phosphorus (P) was assayed 
according to AOAC (2000) procedure 965.17. 

Milk production was measured throughout the 
experimental period. Milk was sampled at both 
milkings of 1 day per week, composited and analyzed 
for fat, CP, and lactose, using the System 4000 Infrared 
Analyzer (Foss Electric, Hillerod, Denmark).   

Cows were weighed and body condition scored at 
assignment and thereafter every second week.  The 
five-point BCS system (1 = very thin; 5 = very fat) 
were used (Wildman et al., 1982). 

 
Statistical Analysis 

Data were analysed according to a randomized 
block design with the statistical program using the 
GLM model (Statistical Analysis Systems, 2001) for 
the average effects over time. An analysis of variance 
was used to determine the significance of difference 
between different treatments and blocks. Diet 
containing 6% of SSBM was contrasted with 6%, 12% 
and 18% CSBM. Parameters were analysed as average. 
Last square means and standard deviations (SD) were 
calculated and significance of difference between 
means was determined using Fisher’s test (Samuels, 
1989). Significance was declared at P<0.05 and 
tendency to differences were accepted if P<0.10.  

 
Results and Discussion 

 
Chemical composition of experimental diets and 

protein sources are presented in Table 1 and 2 
respectively. Diets were formulated to fulfill the 
minimum requirement of an early lactating Holstein 
cows and were balanced to achieve the different 
inclusion levels of protein source, resulting in slightly 
low and high dietary CP in T2 and T4 respectively. 
Dietary NDF was lowered in T3 and Dietary NEL was 
lowered in T4. 

Solvent-extracted soybean meal is produced by 
using a solvent (hexane) to maximize oil recovery from 
the seed. It involves heating of soybeans but at lower 
temperatures for smaller periods of time (Loor et al., 
2002). Cold-pressing is a method in which the seeds are 
directed strait to the mechanical press where the 
temperature shortly rises to 50–60 degrees (Leming and 
Lember, 2005). 

Chemical analysis of orts for all treatments 
indicated that little selective feeding occurred and the 
chemical composition of consumed diets differed little 
from the mean chemical composition of the formulated 
diets (data not shown). 

Results on DMI, milk production, composition and 
efficiency are presented in Table 2. Mean DMI varied 
from 22.86 to 25.80 kg/d and was not affected by 
treatments, however it tended (P<0.10) to be higher in 
T4 when compared to T2 and T3. Energy intake and 
milk yield were not affected (P>0.05) by treatments 
(Table 2). The observed tendency of high DMI 
observed in T4 with no effects on NELI suggest that the 
treatment has compensated for reduced dietary energy 
(table 1), increasing DMI. Milk yield ranged from 
32.20 to 34.70 and did not differ (P>0.05) between 
treatments. 
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Table 1: Ingredients and chemical composition of 
experimental diets  

Ingredients: T1 T2 T3 T4 

Fish meal  3.4 2.7 1.5 0 

Whole cotton seed 5.9 5.9 5.9 5.9 

Maize gluten  5.2 3.5 1.9 0 

Maize grain, fine 18 18 18 22.7 

Chop, high energy 10 10 3 0 

DFG Pellets 5.5 0 14.6 0 

Barley 5 5 5 12 

Wheat germ 5.3 6.49 0 0 

Malt flour 4 4 0 0 

Molasse meal 5.6 5.6 5.6 8 

Lucerne hay 22.52 22.53 21.22 17.44

Eragrostis curvula grass 8 8 10 11 

Megalac 0 0 0 0.68 

          CSBM 0 6 12 18 

SSBM 6 0 0 0 

Urea 0.4 0 0 0 

Savana calcair 0.9 1 1 1 

Mono Ca P 0 0 0.38 0.6 

Chemical composition:     

OM, %DM 90.77 90.6 90.83 91.93

Fat, %DM 4.25 4.27 3.13 5.65 

CP, %DM 16.10 15.70 16.10 16.60

NDF, %DM 38.0 37.7 33.9 37.8 

ADF, %DM 19.25 19.25 17.36 19.23

NSC, %DM a 28.71 27.7 28.42 24.18

NEL, MJ /kg DM b 7.30 7.50 7.50 6.70 

Ca, %DM 0.72 0.72 0.73 0.7 

P, %DM 0.45 0.41 0.39 0.33 

K, %DM 1.18 1.25 1.19 0.96 
aNon-structural carbohydrates  
(NFC) = 100 – (CP + Fat + Ash + NDF) 
bCalculated as metabolizable energy (ME) using the 
database of Van der Merwe and Smith (1991) and 
converted to NEL as: ME X 0.67 (NRC, 1989) 
SSBM: Solvant-extracted soybean meal;  
CSBC: Cold-pressed soybean cake 
 

 

Table 2: Chemical composition of soybean meal 
(SSBM) and cold-pressed soybean cake 
(CSBC) 

Protein sources  

SSBM CSBC 

DM % 89.01 91.66 

CP (%DM) 47.98 47.39 

Fat (%DM) 1.01 5.56 

NDF (%DM) 7.10 5.86 

RUP (%DM) 18.37 16.80 

 
Percentage of milk fat, milk protein, as well as 

yield of milk fat and milk protein did not differ between 
treatments, but milk protein tended (P<0.10) to be 
lower in T2 when compared to T1 while milk fat % 
tended to be high (P<0.10) in T4 compared to the rest 
of the groups.  

Mean milk lactose % was lower (P<0.05) for T3 
compared to T1 and did not differ between treatment 
T2 and T4. Lactose concentration in milk usually is not 
affected or is slightly altered by dietary manipulation 
(Casper et al.1990; Kim et al. 1991). The causes of a 
decrease in lactose abserved in T3 is unclear.  

Energy corrected milk and feed efficiency (FE) did 
not differ between treatments, however it tended to be 
lower (P<0.10) in T4 compared to the rest of the group. 
Values of FE in T1, T2 and T3 were in the optimal 
range (1.4 to 1.9) for early lactation cows (Hutjens, 
2006), while the value (1.37) in T4 was lightly low. The 
observed tendency for higher DMI and numerically low 
milk yield in T4 compared with other treatments, 
indicate that low dietary energy promoted higher intake 
without improving milk production. Body weight and 
body condition score were also evaluated and results 
are presented on Table 4. 

Mean BW was lower (P<0.05) for T3 when 
compared to T1 and did not differ between T2, T3 and 
T4. Mean BCS did no differ (P>0.05) between 
treatments. Body weight gain was higher in T3 and 
lower in T4 (P<0.05) compared to the reste of the 
treatments and did not differ (P>0.05) between T1 and 
T2. Body condition score gain was Higher for T2 and 
lower for T4 (P<0.05) when compared to the rest of 
treatments. Only cows receiving 18% CSBC have lost 
BW and BCS (-12 kg; -0.15) at the end of the 
experimental period (Table 3). Energy from BW 
changes (Gain or loss) was reported (Table 7) as either 
extra energy required or added to that provided by diet, 
depending on BW gain or loss throughout the study, 
respectively (daily BW gain = 5.10 Mcal/kg BW; 
whereas average daily BW loss = 4.02 Mcal/kg BW 
added to that provided by dietary intake) (NRC 2001).  
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Table 3: Mean dry matter intake (DMI), milk production efficiency and feed efficiency as affected by 
treatments 

 Treatment 1  
 T1 T2 T3 T4 SEM 

DMI (kg/d) 24.38 23.02 22.86 25.80 1.01 

NEL I2 178.94 174.26 172.36 173.63 2.87 

Milk (kg/d) 34.70 34.70 34.20 32.20 2.43 

Milk Fat (%) 3.68 3.40 3.59 3.80 0.28 

Milk Fat (kg) 1.39 1.31 1.37 1.38 0.14 

Milk Protein (%) 3.22 2.97 3.18 3.08 0.08 

Milk Protein (kg) 1.10 1.02 1.08 0.99 0.07 

Milk Lactose (%) 4.74a 4.65ab 4.56b 4.66ab 0.03 

3.5 FCM 37.54 36.24 37.00 36.30 0.61 

ECM (kg/d) 37.3 35.7 36.7 35.5 3.00 

Feed efficiency 1.53 1.55 1.59 1.37 0.09 
1T1, 6% SSBM; T2, 6% CSBC; T3, 12% CSBC;  
T4, 18% CSBC;  
abcMeans in the same row with different superscripts differ (P< 0.10);  
ECM= ((0.327x kg milk)+(12.95x kg fat)+(7.2x kg protein)) (Orth, 1992);  
Feed efficiency = ECM/DMI; 2NEL I: NE Intake 
 
Table 4:  Mean body weight (BW), body weight gain, body condtion score (BCS) and body condition score 

gain as affected by treatments 
 Treatment 1  

T1 T2 T3 T4 SEM
       Mean BW (kg) 612a 594ab 576b 595ab 7.21 

       BW gain (kg) 12.5a 30.4a 42.1 b -12c 10.94 

       Mean BCS 2.11 2.26 2.14 2.14 0.03 

       BCS gain 0.37a 0.8b 0.31a -0.15c 0.14 

Energy from BW gain (Mcal/kg) 63.75 a 155.04b 214.71 c  15.1 
Energy from BW loss (Mcal/kg) - - - 48.24 - 

1T1, 6% SSBM; T2, 6% CSBC; T3, 12% CSBC; T4, 18% CSBC; abcMeans in the same row with different 
superscripts differ (P< 0.10) 
 

Results indicate that while cows in T3 had greater 
(P<0.05) surplus energy to be used to gain weight 
followed by T2, cows in T4 needed extra 46.24 
Mcal/kg to gain weight.   
 
Conclusion 

Inclusion of 18% cold-pressed soybean cake 
tended to increase DMI and lower feed efficiency. 
Under the conditions of this trial, inclusion of 12% 
cold-pressed soybean cake was adequate to support 
milk and protein yields, a greater feed efficiency with 
the highest body weight gain. 
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