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Summary

The response of crossbred Halstein milking cows to the neulralized vrea-trealed rice straw feeding was investigated.
Rice steaw was treated with 67 ured for at least 21 days and (ucther with sulfuric acid (or overnight {o complete
the neutralization. Thie necurralized straw was tien sun-dried and its [eeding value was compared with 1kal of the dried
non-neutralized wrea-treated straw. They were fed w0 Lhe cows with concentrates cithier by the ration formulation based
on the nutrient requirements for milk production recommended by NRC or by the traditional way in which straw
was fed ad {ihitum and concentrates at 1 kg/2 kg of milk poduction. The results showed that milk production as well
as milk composition ol cows were not different between neutralized and non neutralized straw. The feedmg of the
neutralized straw could significantly reduce the supply of protein-rich feed such as soyhean oil meal, and it was
demonstrated that ammonium sulfate in the neutralized straw could be utilized as effective as the plant origin protein.
The results also suggested that if the tracitional feceding method is applied to the dairy cattle, protein content of the
supplementing concerirales should be incteased 10 meet the requirement.
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Introduction

Fixation of CP comtenl of urea-treated rice
straw was successfully done by neutralizing [free
ammonia in the treated straw with sulluric acid,
and the CP of dried neutralized straw remained
at 9.92% cven if it was kept for 3 months (Pro
mma et al., 1994a). The results of the digestion
trial reported by Promma et al. (1994h) indicated
that DM digestibility ol neutralized straw estimated
with crossbred Holstein steers was 54-56%,, and
TDN and DE were calculated to he 48.9-50.57
and 8.7-9.2 MJ/kg, respectively. Single feeding of
neutralized straw showed a positive N-balance in
steers, and N-halance was increased when concen-
trates were added to the straw. Although this new
idea of neutralization of urea-treated rice straw
with sulfuric acid has just devcloped, there might
be a possibility for using neutralized straw (o
alternate preserved conventional roughages for dairy
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cattle during the dry scason. The CP content of
neutralized urea-trealed straw is stable. while thar
of non-nentralized urea-treated straw was reported
1o be rveduced when it was cxposed to the open
air. The report of Promma et al. {(1994b) showed
that single feeding of neutralized straw could only
maintain the body weight of animals although the
nentralized straw had 10.29, of CP and 509 of
TDN. Similarly. to the urea-realed rice straw,
therefore, the crossbred milking cows should be
fed the neutralized nrea-treated straw with a certain
amount of concentrate supplements to provide
enough cnergy, proteitt, minerals and vitamins.

In Tthailand, a traditional fecding method has
been practiced, which was based on an nd [ibitum
feeding of roughages along with | kg of concen-
trates/2 kg of milk produced. According (o Promma
et al. (1993). feeding the urea-trcated rice straw
by the ration formulation tended 1o snpport better
milk production than by 1he traditional feeding
method.

In order to examine the henefit of feeding the
dried neutralized urea-treated rice straw on milk
production of crossbred Holstein cows, this experi-
tent was carried out by comparing the dricd
neutralized and non-peutrabized urea-tyeated rice
straw under both the {traditional and ration
formulation feeding managements.
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Materials and Methods

A tolal of 8 cossbred Holstein milking cows
having the records of milk production, age and
stage of lactalion shown in tahle | were used in
this experimenl. The cows were dewormed and
checked on hcalth condinigns prior to the experi-
ment. All experimental animals have passed the
peak of iactation and they were allotted into 2
squares of a balanced design (Cochran and Cox,
1957). The cows in (he first square were in the
first lactation, and those in the sccond square werc

in the second and third lactations. Each square
was composed of 4 treatments X 4 periods. Since
the resting period could not be given duwring the
lactation. the arrangement of treaiments
planned to investigatc the residual effects of treat-

was

ments. Each period consisted of 20 days, and vach
cow was offered every treatinents within 80 days.
The treatments were as follows: (1) urea-treated
rice straw (rationing), (2} ncuiralized ures-treated
rice straw (rationing), (3) urea-treated rice straw
(traditional), (4) neuiralized urea-treated rice straw
{traditional).

TABLE 1. FREVIOUS RECORDS OF EXPERIMENTAL ANIMALS

‘ Cow BW at . Days .Milk yield
Square Age ) Lactation after just tefore
no. start " .
parturition starting
(v) {m) (kg) (kgiday)
| 2 3 367.5 Ist 100 14.0
| 2 2 6 373.0 Ist 51 135
3 2 3 341.0 Ist 40 125
4 2 3 315.0 Ist 32 12.5
5 4 8 375.0 3rd 114 13.%
2 5 4 7 363.0 3rd 42 16.3
7 4 6 403.0 2nd 66 160
5 3 10 4585 2nd 124 130

Cows n the treatments | and 2 were given
the formulated dicts to meet the standard require-
ments of NRC (1988) but containing 28-30%, ADF
(rationing). Based on the production records and
the chemical composition of feeds which was later
shown In tahle 3, the diets were formulated every
week using the computer program developed by
Promma et al. (1990). Cows in the treatments 3
and 4 were given the straw od libitum and the
concentrate mixture at a level of 1 kg/2 kg milk
produced (traditional). All animals were given the
concentrates at 08:00 and 15:00 hour so as (o
completely consume the given concentrates within
30 minutes. Thereafter, the straw was given at
08:30 and 15:30 hour. DM caontents of leeds given
and refusals were measured every day. Cows were
adequately supplied with waler and a lick block
of mincrals throughout the experiment. Animals
were weighed at the imtial and final days of each
period. Milking was done twice a day at 05:30
hour and 15:30 hour using a milking machine.
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Milk samples from each cow were collected every
10 days for checking fat and protein contents,
which were measured by Gerber and  titration
methods, respectively.

Treatment of rice straw with 67, urea was done
in a concrete bunker silo, the capacity of which
was 3 tons of dried rice straw. The straw was
placed in the silo by 6 layers, 500 kg each, and
cach layer was sprayed with urea water (30 kg
of urca in 500 | of water) using a spraying
machine. The top of silo was covered with plastic
sheels to provide an airtight condition, and bundles
of rice straw were pul on the plastic sheets to
make shade. The treatment of straw lasted at lcast
21 days. A certain amount of treated rice straw
was taken out from the silo every day and dried
on the floor for approximatcly 6 hours. Dried
treated straw was then fed to the ammoals of the
treatments 1 and 3.

The neutralized wrea-treated straw was made
as follows: Just after being taken out from a silg,
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a pile of §7.5 kg urea-treated straw was sprayed
with 25 | of a sulfuric acid-molasses solution using
a sprinkling can. The straw was well mixed using
a forage folk. covered with plastic sheets and left
for overnight to complete neutralization. Then the
straw  was dried on the floor and fed to the
animals of the trcatincnts 2 and 4. An amount
of sulfuric acid used here was calenlated just to
neutralize 3/4 of free ammonia in the treated rice
straw, The [ree ammonia in the treated rice straw
was determined by the distillaton method (AQAC,
1975). The amount of sulfuric acid thus calculated
was dissolved in 25 | of water together with 5 kg
of molassces.

A concentrate mixture was formulated as shown
in lable 2 to contain 149 CP and 719, TDN on
air dry basis. lo the wteatments 1 and 2, the
concentrale mixture was supplemented with soybean
oil meal and the mineral mixture shown in table
2 o meet the CP, TDN and Ca requirements,
however, 1 the treatments 3 and 4, only the
concentrate mixture was fed. The contents of DM.
Ash, CP, ether extract (EE), NFE and CF in the
feeds were determined by the method of AQAC
(1975}, and ADFE and NDF were measured hy the
methed of Goering and Van Soest (1970).

Data of milk production, milk composition,
feed intake, feed conversion ratio (FCR) and bhody
weight change were statistically analyzed by the
method of variance analysis in a balanced design
{Cochran and Cox, 1957). The interaction of main
effects was tested by the variance analysis in a
2 X 2 factorial design. Duncan’s new multiple
range test was uwsed for checking the difference
between trealment means  (Steel and Torrvie, 1960).

TABLC 2. FORMULATION OF CONCENTRATE MIXTURE

{%)

Ingredients Campesition
Rice bran 19.3
Ground corn 51.9
Soybkean oil meal 8.0
Kapok oil meal 16.4
Mincral mixture' 4.4
Vitamin mixture’, g/kg 15.0

" Conmtained: (in ¢3) Ca 134, P 6.5, Na 14, Cl 192,
$ 2.6, Mg 3.5:(in PPM) Zn 1,800, Cu 30C. Mr L1¥800. Co
7. 8¢ t2 and | §0.

* Cootained; A 10" IUfke. 1D 300000 tU/kg, ¥ 80
arkg.

Results and Discussion

The chemical composition of feeds used m this
experiment is shown in 1able 3. CP content of the
dried non-neutralized straw was 6.4%, and it was
not so much dilferent from the value previously
reported by Promma et al. (1994a). however, CP
content of the dried neutralized straw was 9.59%
which was a little Jower than the values previously
reported (Promma et al. [994a: Promma el al,
1994h). Since the amount of sulfuric acid was
restricted to fix 3/4 of the ammonia present in
the fresh urca-treated straw in order to ensure no
sulfuric acid remained. a part of ammonia present
as a free state might be lost during (he treatment.
Assuming that the CP of untreated straw (3.39
on DM basis) was not changed during the urea
treatment, the CP as ammoninun salts could be
calculated to be 319 (48.44%, of total CP) in the
non-neutralized steaw and 6.29. (65.3% of total
CP) in the neutralized straw. The contents of CF,
NDF and ADF of the neutralized straw were naot
so much different from the previous results of
Promma et al. (1994b). TDN value of the neutral-
ized straw, 48.9%, and that of the non-neutralized
straw, 49,592, were adopted from the results of
Pramma et al. (1994b) and Promma ct al. (1982),
respectively. The chemical compasitions of the
soybean oil meal and the concentrate mixture were
in 2 normal range.

The milking performance as well as body weight
change of cows fed the neutralized and non-neu-
tralized straw arc shown in (able 4. Since no
interacbion was detected in all ilems, only the main
effects could be discussed. As seen in the table,
cows fed the rationing diets tended to lose their
body weight by 0.12-0.13 kg/day and those fed
the diets in a traditional way gained their body
weight by 0.2 0.7 kgfday, although no significant
difference was found among the treatments. Straw
DM intake was significantly higher m the cows
fed in the traditional way than in thosc fed the
rationing diets. 1t was observed that most of the
cows fed the rationing diets ale over the given
straw during the day time, while the traditionally
fed groups consumed the straw fieely and the
remainings were seen in the next moring. In this
cxperiment, body weight was measured in the
morning at 07:3¢ hour, whjch possibly resulted
in hody weight loss in the rationing groups and
body weight gain in the wraditional groups as
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TABLE 3. CHEMICAL COMPOSIT CN (DM 95) AND ENERGY VALUE OF FEEDS" USED (Mean + SE, N = 8)

Non-neutralized

Ncutralized

- Soybean Concentrate

Composition urea-treated urea treated e .
CII meal mixiure
I straw straw

DM, fresh (%) 887 £+ 0.5 889 4+ 03 89.6 + 0.1 K89 + 0.2
Ash 188 + 04 IS + 03 78 + 062 77 + 02
CP 64 1 0.2 95 £ 03 430 + 1.3 151 + 0.3
Ammonium salt 31 £+ 02 62 +£ 03
EE 1.6 + 0.1 1.6 + 0.1 3.1 £ 03 69 + 02
NFE 81 4+ 05 363 + 06 375 £ 18 62.6 + 03
&k 351 + 0.6 34.1 + 0.6 85 + 05 77 £ 03
NDF 624 4 1.3 9.0 £ 1.3 165 £ 0.8 288 £+ 14
ADF 448 4+ 1.1 439 + 09 1.9 + 0.6 132 + 1.4
TDN 4952 48.9° 84.7% 76.8%

" CP content of untreated straw was 1.3 £+ .29,

” Adapted from the repoirt of Promma ct al (J982) and Pramma et al. (1$94b).
* Estimated value using an equation of Fonnesheck et al. (1984).

TABLE 4. MILKING PERFORMANCE OF CROSSBRFD HOLSTEIN COWS GIVEN NON-NEUTRALIZED AND
NEUTRALIZED 6% UREA-TREATED RICF STRAW (N = 8)'

Feeding

Rationing

Traditional

Neutralization Non Neutralized Non Neutralized SEN
BW change (kg/day) —0.12 0.13 +0.7 +0.2 0.2
Mitk yield (kg FCM/day) 13.40 13,02 12.48 12.6° 02
Milk fat (%) 3.8 38 39 38 0.
Milk protein (%) 32 Ri: 3.1 3.1 0.1
DM intake (kgf/day)
Straw 618 6.38 7.38 7.2v 0.2
Concentrates (A) 6.8¢ 6,30 5.72 592 0.1
Soybean ail meal 1.5b 0.98 0.1
Concentrate mix 52 Sh3 5.7 59 .
Mineral mix 0.1 0.1 = & -
Total (B) 12.9 12.6 13.C 13.1 0.2
7, of RW 3.4 14 34 3.5 0.1
AjB 827 50.08 43 9° 4508 1.0
FCR (kg DM/kg FCM) .962 0972 1.05® 1.04b 0.02

' No interaction was detected in all items (p > 0.05).
8¢ Within rows, means with different superscripis differ (p <2 0.05).

discussed before.

Mitk production of cows expressed as 4%, FCM

was nat different between the feeding of neutral-
ized and non-neutralized straw, however, the cows
of rationing groups tended to produce more milk
than those of traditional groups. The contents of
milk fat and milk protein were not different among
the treatments, being 3.8-39% in milk fat and
3.1-3.2% in milk protein, both of which were quite
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in normal ranges of crossbred Holstein cows.

As scen in table 3, dricd neutralized straw
contained bhigher CI than dried non-ncutralized
straw. For the ration formulation, therelore, the
dict containing neutralized straw would require less
protein  supplements than that containing non-
neutralized straw. This is the reason why the
non-neutralized straw diet contained more soybean
oil meal. The total DM intake as well as the DM
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mtake on body weight basis were not different
among the treatments, and consequently FOCR was
better in the rationing groups than in the tradi-
tional groups.

In table 5, TDN and CP intake of each group
as well as the elliciency of TDN and CP for milk
production are indicated. Although no significant
difference in total TDN ntake was {ound among

the treatments, TDN intake from straw was higher
it the traditional groups, which, n turn, TDN
intake from concentrates was higher in the ration-
ing groups. Since the efficiency of TDN utilization
for molk production was nol different among the
trealment, being 0.62-0.64 kg TDN/kg FCM, levels
cii TDN intake from both straw and concentrates
had no etfect on milk production,

TABLE 5. INTAKE OF TOTAL DIGESTIBLE NUTRIENTS AND CRUCE PRCTEIN BY CCwS (N = 8)'

Feeding Rationing Traditional SEM
Ncutratization Non Neutralized Non Neutrahized wE
TDN intake (kg/day)

Total 8.25 8.006 7.91 8.12 0.41
Straw 3.052 1092 3.63bP 3.530 0.08
Coancentrates 5.20¢ 491¢ 4288 4.59® 0.09

CP intake (kg/day)

Total 1.8§2¢ ].79¢ 1.31" 1.59® 0.05

Ammoniam salt 0.19° 0.39% (.23 0.45° 0.02
Efficiency (kp/kg FCM)

TDN 0.62 0.62 0.64 0.64 0.02

CP 0.14° 0.14% 0.11° 0.12° 0.0)

' No nleraction was detected in all items (p > 0.05).

3¢ Within rows, means with different snperscripts differ (p < 0.0%).

Total CP intake of cows was higher in the
ralicning groups than in the traditional groups,
and this might reflect the difference in milk pro-
duction. In both groups, the intake of CP as the
form of ammonium salts was higher in the neuo-
tralized straw feeding than in the non-neutralized
straw teeding, but no difference in milk production
was found belween them. {t means that the in-
creased intake of non-protein nitrogen by feeding
the neutralized straw did not show any ill-effect
in the milk production as easily realized by (he
elficiency of CP uulization. Since total DM intake
and  FCR were not  different  between the
nenfralized and non-nentratized straw groups when
fed by the rationing method, it ¢an be considered
that ammonium sulfate in the neutralized straw
was utilized as effective as the plant origin protein
for milk prodocticn. The result of Promma et
al. {1994b) indicated that the crossbred Holstein
steers fed the ncutralized straw could utilize the
ammaninm sulfate effectively, since the N-balance
was positive even if the neutralized straw was fed
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singly. The report of sobczak et al. (1962) also
demonstrated 1hat milk production of cows was
not depressed by subslituting thc oil cake with
ammonium sulfate. The reduction of plant origin
protein sources such as soybean oil meal from the
dict might reduce the cost of milk production.
Finally, the actual nutrient contents of the diets
were calculated to compare with the NRC require-
ments, and the figures are shown in table 6. As
seen in the table, TDN content of the diets
formulated by the ranon [ormulation method was
close to the value of NRC recommendation (1988),
but it was higher than that of the dicts fed
traditionally. Lower TDN conient of the diets for
the traditional groups might increase the intake
of straw, and the total TDN intake was not dif-
ferent among the groups. CP contents of the
rationing diets were higher than the NRC recom-
mendation by some 29, but that of the diet for
traditional feeding with non-neutralized straw was
tower than the recommendation. Consequently, the
cows could not take enough CP. which resulted
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Although the milking
as effec-

in lower milk produoction,
cows cauld utilize the ammonium salts
tively as protein, CP content of the cencentrates
used for the traditional feeding should te increased
to get an increased milk production CF and ADF

conlents in the rationing diets were shawn to be
as desipned kut higher than the NRC recommen-
dations. CF and ADF centents in the traditional
feeding method were further higher. but such a
high fiber content did not affect milk fat content.

TABLC 6. ACTUAL NUTR ENT CONTENTS (DM %£) OF THE DIETS (N = 8)
I'eeding Rationing Traditional ,
— > — KM NRC
Neutralization Non Neutralized Non Neutralized il
TDN 64.1» 63,7 01.42 61.6% 0.5 63.0
e 14 f¢ 14 94 10.22 12,1 0.2 12.0
CF 20.8¢% 216" 2320 22,14k .5 17.0
ADF 28.1¢0 29.18 e 29.980 0.5 21.1

ad Within rows, means with d:ffcrent superscripts difler (p < 0.035).
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