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SUMMARY

Twelve lactating Friesian cows were used in a feeding trial of 4 treatments in
switch-back complete design to investigate and compare the effect of supplementing
a basal diet consisting of berseem hay, rice straw and concentrate feed mixture
(CFM) with NaHCOq or KHCOg at 1% or both buffers together at 0.5% each, of CFM
on feed intake, digestibility coefficients, rumen liquor parameters, plasma minerals,
red blood celis (RBC), white blood cells (WBC), fat corrected (4%) milk yield and its
composition.

Supplementation of both buffers separately or combined together, improved feed
intake, nutrient digestibilities as well as nutritive value of the tested rations, compared
with no buffered one (control). Generally, rumen and urine pH values, NH3-N and
total VFA's concentrations of rumen fluid, RBC and WBC number, plasma Na, K, Mg
and Ca concentrations, milk yield and its composition were not significantly affected
by buffers addition. However, 4% daily fat corrected milk yield was higher by 1.70,
0.90 and 1.0 Kg for groups fed on rations supplemented with 1% NaHCO4, 1%
KHCO5 and 0.5% NaHCOg + 0.5% KHCO3, respectively than the control group. The
corresponding improvement in fat % was 026, 0.15 and 0.17 percentage unit,
respectively. Addition of NaHCO5 to the basal ration appeared to be more effective
and economic than KHCO4 or both in improving milk yield and its fat content.
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INTRODUCTION

The addition of bicarbonate and other buffers to rations of lactating dairy cows has
been reported to have beneficial effects on improving feed intake (West et al, 1991;
Wagner et al, 1993 and Tucker ef al, 1994), rumen pH (El-Bedawy et al., 1989,
rumen acetate, acetate to propionate ratio (Erdman et al, 1982) milk production
(Solorzano et al, 1989, West efal, 1991 and Orozco-Hernandez et al, 1994) and
preventing of milk fat depression caused by feeding high concentrate rations
(Harrison et al., 1989 and Tucker et al, 1992). However, the benefit and use of
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buffers in rations of ruminants, depends to large extent on many interrelated factors
that may influence the efficiency of utilization from such buffers by the animals,
including preparation, quality and quantity of diet, amount and type of buffers applied,
age of animal, saliva secretion, ruminal digestion, physiological changes and others.

Therefore, objectives of this study were to measure the effects of addition of Na and
K bicarbonate to rations of lactating cows on feed intake, nutrient digestibilities,
nutritive value, and some characteristics of rumen liquor and blood and their
subsequent influence on milk yield and its composition. Economic efficiency of using
buffers was also studied.

MATERIAL AND METHODS

Twelve Friesian cows of 499.6 Kg average body weight were used. They were
randomly chosen after the peak of lactation period from the herd of the Experimental
Station of El-Karada, Anim. Prod. Res. Inst, Ministry of Agriculture where the
experiment was conducted, during Summer season 1994. They were allocated
according to the switch back design into four groups, three cows each. The
experimental period lasted for 84 days divided into 3 periods, 28 days each, of which
two weeks as a preliminary period and the others as a coliection period. All cows
were individually fed according to NRC (1984) recommendations, based on their live
body weight, milk yield and its fat %. All groups were fed constant amounts of
berseem hay (BH) and rice straw (RS) at the rate of 3 and 5 Kg/h/d, respectively
along with concentrate feed mixture (CFM). The CFM contained, 6% undecorticated
cotton seed cake, 45.2% yellow maize, 4.1% soybean cake, 38% wheat bran, 5%
molasses, 1.2% limestone and 0.5% salt (Nacl). Chemical composition of the
experimental feedstuffs and their rations are presented in Table (1).

Table 1.Chemical composition{%) of feed ingredients and experimental rations.

Diet DM Chemical composition (on, DM basis)

OM CP EE CF NFE Ash AlA*

Berseem hay 86.0 874 127 180 275 454 1286 027

Rice straw 894 835 389 231 360 413 166 0.31

Concentrate feed mixture 895 937 175 306 764 655 630 137

{CFM)

Calculated composition of tested rations (on, DM basis) :

Control 888 893 123 270 203 540 107 -

A 1% NaHCO4 889 901 132 270 180 562 9.90 -

B 1% KHCO4 - 889 896 127 260 200 543 104 -

C0.5%NaHCO2+0.5%KHCO, 88.9 888 128 280 195 546 102 —

* Acid insoluble ash.

Two sources of bicarbonate namely sodium (Na) and potassium as buffers
supplementation were used. Group1 was considered a control, while groups 2, 3 and
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4 their diets were supplemented by 1% NaHCO5, 1%KHCOg and 0.5% NaHCOg+
0.5% KHCO3 of CFM given, respectively. The animals were weighed every week at
the morning before drinking or offering the new feeds. Adjustments of CFM were
made every week based on animal live body weight, milk yield and its fat %. The
CFM was given in two equal meals after mixing with buffers at 8 am and 3 pm.
Drinking water was available all times.

During the collection period, representative milk samples were taken from each cow
twice a week and analysed for fat, protein, lactose, total solids (TS) and solid non fat
(SNF) by a milk scan apparatus (133 BN. FOSS electronic, Denmark). Also, blood
samples were taken 3 hrs after morning feeding from each cow in all groups twice a
week. Total erythrocyte counts (red blood cells, RBC) and total leukocyte (white blood
cells, WBC) were determined (Colse, 1967).

During the last 7 days of each period, daily faeces of cows were collected and
samples were taken and kept for chemical analysis. Acid insoluble ash {AlA)
technique (Van Keulen and Young, 1977) was used as an internal marker to measure
the digestibility of tested rations. At the last two days of each digestion trial samples
of rumen liquer were collected from each cow before and at 2, 4, 6 and 8 hrs after the
morning feeding using a stomach tube and filtered through a double layers of cheese
cloth. The pH was immediately determined using pH meter. The samples were then
kept frozen (-20°C) for subsequent analysis. Concentration of ammonia-N (Conway
and O'Malley, 1942) and total volatile fatty acids (VFA's) (Abou-Akkada and El-
Shazly, 1964) were determined, samples of feeds and faeces were analysed
(AO.AC. 1988). The data were statistically analysed using switch-back complete
design (Lucas, 1956) and Duncan's multiple range test.

RESULTS AND DISCUSSION

Inspection of data presented in Table (2) it was clear that the addition of either
buffers seperatley or combined together to the restricted-roughage rations was
accompained by a small, non significant increase in concentrate consumption and
accordingly total DM intake/h/d by cows, compared with the control group. Solorzano
et al (1989). West et al (1991), Wagner et al. (1993) and Tucker et al. (1994)
reported an increase in DM intake by cows fed buffered diets, while others (Ghorbani
et al, 1989 and Belibasakis and Triantos, 1991) showed no differences, and in
another study DM intake was reduced (Erdman, 1988) compared with the controls.
Such variable reported responses could be mainly related to many factors such as
age of animal, feed ingredients, amount and type of buffers applied, type and amount
of forage fed, physical form of feed, and others known to influence mastication, saliva
amount and composition, VFA production and hence ruminal pH.

Generally, addition of buffers to tested rations improved most of nutrient
digestibilities as well as their nutritive values in terms of TDN and DCP values,
compared with unbuffered ration (Table 2). However, no significant difference
between buffered ration A (NaHCO3) and C (NaHCO4 + KHCO3) in all nutrient
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digestibilities and nutritive values was observed. Similar lack of significancy was also
noticed between ration B (KHCOg3) and the control in this respect. The NaHCO3
appears to be more effective than KHCOg or both together in enhancing nutrient
digestibilities and nutritive value of tested ration A. Buffered rations A and C had
significantly (P<0.05) higher CP digestibility values than the control, but the
differences among rations A, B and C were not significant. Harrison ef al. (1975)
demonstrated that microbial synthesis and total amino acids in small intestine were
increased with added buffers to ruminant rations as a result of increasing dilution rate
of digesta and higher ruminal pH. Similar trend for increasing CP digestibility of
buffered rations was also observed by Solorzano ef al. (1989) and Hsu ef al. (1990).
‘Also, it was clear thatthe highest CF digestibility (51.4%) was observed in ration C
which was supplemented by both buffers, followed by ration A (46.6%), while the
lowest values (40.8 and 41.4%) were with ration B and the control.

Table 2. Average daily dry matter intake (DMI) digestibility coefficients and nutritive
values of the experimental rations by cows.

Experimental rations

Items 1% 1% N£H5g‘63
Control  NaHCO3z  KHCO3 +0.5% S E
(A) (B) KHCO4
(C)
DMI, Kg/h/d from :
CFM 7.68 8.22 7.92 8.07 0.50
BH + RS 7.05 7.05 7.05 7.05
Total DMI Kg/h/d 14.7 15.3 15.0 15.1 0.21
Roughage : CFM ratio 48 : 52 46 . 54 47 .53 47 .53
Digestibility, (%) :
Dry matter 52.3P 61.62 53.5P 60.42 1.39
Organic matter 55.4° 64.92 56.90 63.52 1.37
Crude protein 4710 58.38 50,620 67.02 2.60
Crude fiber 4140 4p.42b 40.8P 51.48 3.33
Ether extract 60.4P 67.22b 61.0P 7222 4,55
N. free extract 64.5 71.43 64.0P 68.9ab 1.25
Nutritive value, (%) :
TDN 5260 59.82 53.3P 59 48 1.37
DCP 5,790 7.728 6.442b 7.332 0.24

a, b Means in the same row having unlike letters differ significantly (P < 0.05).

Rumen pH was relatively “increased in all times of sampling when buffers were
added (Fig. 1"A"), so the improvement response on CF digestibility is likely due to an
increased buffering effect related to ruminal pH. El-Bedawy et al. (1989) reported that
NaHCOg supplement in rations of goats raised rumen pH, improved CF digestibility
and sustained cellulolytic bacteria and protozoa count. Mertens (1979) found that
optimum pH for cellulose activity is between pH 6 and 7. The pH values obtained
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herein fall within the previous range, in spite of that the effect of buffers used on
elevating the pH was not significantly high, compared with the control suggesting that
higher levels of buffers than that used herein (1%) could be required for raising
ruminal pH under this condition. However, the use of higher levels of buffers for long
time may be accompained by adverse effects such as urinary caleuli (Huntington ef
al, 1977). Additional reasearch works under different nutritional conditions are
needed to clarify this point.

Ruminal NH3-N concentrations (Fig. 1'B") in all times of sampling tended to be
higher with cows fed buffered rations than the control, but differences were not
significant. Beneficial effects of high level of ammonia might be due to indirect effects
on ruminal pH (Church, 1988) or indirectly via increasing the amount of substrate
available for microbial protein synthesis in the rumen. The high CP digestibility and
DCP values recorded herein for buffered rations (Table 2) may support this idea.

Despite these changes occuring within the rumen, these appear to be no consistent
significant effect of added bufers on altering VFA concentrations, compared with the
control (Fig. 1"C"). However, at 2 and 4 hrs post feeding VFA's tended to be slightly
higher for buffered rations than the unbuffered one. Similar lack of response for
added buffers on VFA's were also reported by Solorzano et al. (1989) and Wagner ot
al. (1993). In contrast, El-Bedawv et al (1989) and Tucker ef al, (1992) found that
added buffers altered. ruminal VFA's. It is of importance to point out that measuring
VFA's at any given time represents the net of production, absorption and outflow.

Regarding the characteristics of blood and plasma, the results in Table (3) showed
that number of RBC, WBC and plasma minerals (Na, K, Ca and Mg)were not
significantly affected by added buffers. However, cows fed on ration B supplemented
by KHCOg showed the highest Na, K and Ca contents in plasma, while the lowest
values were recorded with group fed on ration C which contained the combined
buffers. In this concern, Ei-Bedawy (1989) found no significant differences in blood
PH, hemoglobin and packed cell volum (PVC) between goats fed all barley basal diet
buffered by NaHCOs and the control, whereas Thomas and Wilkinson (1975) found
that added buffers increased blood pH, plasma HCOg3 and urine pH of cows fed
ensiled maize. Different variable responses of blood and plasma characteristics for
adding buffers were recorded by Phillip and Hidalgo (1989), Belibasakis and Triantos
(1991) and West et al (1991). Such variability could be due to the several factors
mentioned earlier.

As for daily urine pH (am and pm) the results in Table (3) indicated that there were
no significant differences in urine pH values among the four groups, in spite of that
urine pH of cows fed buffered ration were slightly higher than the control, suggesting
that changes in acid - base status of fed buffered rations had occurred.

Phillip and Hidalgo (1989); Ghorbani et al (1989) and Tucker et al. (1991) found an
increase in urine pH as a result of addition of buffers due to increasing dietary cation
- anion balance. However, Stokes et al. (1986) found no effect of buffers on the urine
pH value of cows.
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Table 3. Red and white blood cells, plasma minerals and urine pH of cows fed on the
experimental rations.

Experimental rations

o o 0.59

Items 1% 1% Nché’s

Control  NaHCOz KHCO3 +0.5% SE

(A) (8) gl S
(€)

Blood :
Number of RBC 11.5 11.5 10.9 10.7 0.67
(mill./mm3)
Number of WBC (x 8.59 8.50 8.64 8.41 0.43
10 3Imm3)
Plasma minerals (mg/ L.):
Na 31789 3178.8 31839 3176.5 839
K 283.6 295.2 310.6 279.0 66.9
Ca 111.8 1221 138.2 108.0 116
Mg 61.1 592 61.0 592 291
Urine :
Urine pH (a.m.) 7.09 7.20 722 il 0.12
Urine pH (p.m.) 7.28 7.35 7.37 7.43 014

Concerning milk yield and its composition, the results in Table (4) showed that daily
milk production was increased by about 1.1, 0.6 and 0.6 Kg/h, and the coressponding
increases of 4.0%, FCM were 1.7, 0.9 and 1.0 Kg/h/d represented about 12.8, 6.80
and 7.50% for groups fed rations A, B and C, respectively, although the differences
were not significant among them and when they were compared with the control
Solorzano et al. (1989); West ot al. (1991) and Orozco-Hernadez et al. (1994) found
an increase in 4.0%, FCM yield as a result of addition of buffers to diets of dairy
cows, whereas others (West et al, 1987 and Vicini et al., 1988) showed no
differences.

Buffers were effective in elevating milk - fat by about 0.26, 0.15 and 0.17
percentage units for rations A, B and C, respectively, with no significant differences in
fat (%) among them and when they were compared with the control one (Table 4).
This beneficial effect for adding buffers on altering milk fat suggest that changes in
rumen fermentation are most likely to occure with the tendency towards increasing
acetate, and also decreasing ruminal propionate (Bondi, 1987). West et al. (1891),
Harrison et al. (1989) and Tucker et al (1992) found an increase in milk - fatas a
result of added buffers, whereas Vicini et al (1988) and Belibasakis and Triantos
(1991) showed no differences. However, El-Bedawy ef al. (1989) found a decrease in
milk fat (%) of goats fed barley + NaHCOg, compared with those fed barley + hay
(4.53 vs. 4.24), which was associated with the low acetate and high propionate level

in rumen for the former diet.
Milk protein, total solids and solids non fat (SNF) tended to be slightly (non
significant) higher for groups fed buffered rations than the control one. In this
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concern, Stokes et al. (1986); Vicini et al. (1988) and Belibasakis and Triantos (1991)
found that milk total solids and SNF were not affected by buffers supplementations.
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Figure 1. Effect of buffer supplementations on (A) pH values, (B) NH3z-N
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rumen liquor of tested cows
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Table 4. Average daily milk yield, its composition and economical efficiency by cows
fed the experimental rations.

Experimental rations

) 0,

Items i Naljiého 1% NaEICsC{O

ontrol 3 KHCO3 +05% KHEQ3 S.E

(B) (C)

Milk yield (Kg/d) 136 147 142 14.2 0.63
4.0%, FCM (Kg) 133 15.0 14.2 14.3 072
Improvement, % - 12.8 6.80 7.50
Composition, % :
Total solids 12.3 127 12.4 12.6 0.27
Solid non fat (SNF) 8.24 8.43 838 8.36 0.11
Fat 3.87 4.13 4.02 404 0.29
Protein 2.86 2.86 2.89 2.90 0.09
Lactose 4.82 4.85 4.82 4.83 0.07
Economical efficiency*, % 293 319 276 300 0.16
Improvement, % —- +26.0 -17.0 + 7.0

* Based on the price of 1 Kg rice straw, berseem hay, concentrates, NaHCO4, KHCO5 and FCM
being 4.25, 20, 34.6, 100, 1200 and 90 PT, respectively.

It appears that NaHCOg3 was more effective than KHCO3 or both together in
elevating or preventing the depression in milk fat and other milk constituents under
the conditions of which the experiment was carried out. Also, in an attempt to prevent
the milk fat depression in a subtropical environment resulting from feeding high
amount of concentrates to affect poor quality forage, Stanley et al. (1972) concluded
that NaHCOg alone was more effective than when given plus MgO in elevating milk
fat (%) of lactating cows when either a low or moderate amount, but not when a high
amount of forage was fed.

Based on data of economical efficiency, the results in Table (4) showed that the
highest improvement value for economical efficiency (26%) was recorded with ration
A, followed by ration C (7.0%), while uneconomic ration B (-17.0%) caused by using
KHCOg3 which has the higher price (1200 PT/Kg) than NaHCOg3 (100 PT/Kg).
However, the highest improvement (%) in FCM yield the highest improvement in
economic efficiency and the reverse versa.

Under the experimental conditions, and from the economic point of view it could be
concluded that although concentrate : roughage ratio obtained herein for all tested
rations did not exceed more than 54 : 46, addition of sodium bicarbonate to rations of
cows was more effective and economic than potassium bicarbonate or both buffers
together in improving nutrient digestibilities and nutritive value of tested rations,
accordingly, enhancing milk yield as well as counteracting the depression of milk fat,
without any adverse effects on blood or other milk characteristics and animal health
in general.
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