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IAEA FINAL REPORT

Expert: Associate Professor J.V. Nolan
Department of Biochemistry, Microbiology and Nutrition
University of New England, Armidale NSW 2351 Australia

Date: 18 June - 7 July 1989

Title: Development of field and laboratory methods for
evaluating nutritional strategies for ruminants fed on
locally available feeds and supplemented with molasses
multi-nutrient blocks.

A B S T R A C T

At the request of the Government of Indonesia, an IAEA
expert undertook a three-week mission from 18 June 1989 to
7 July 1989 at the Centre for the Application of Isotopes and
Radiation (PAIR/BATAN}, National Atomic Energy Agency, Jakarta,
within the framework of a project entitled:

"Assessment of molasses/nmlti-nutrient blocks for ruminants in
Indonesia (with emphasis on small-farm holders)"

[INS/88/013 - 11.66 - Agricultural Production]

The project involves field evaluations of supplementation
strategies at a number of provinces and is backed by controlled
laboratory studies at PAIR/BATAN.

Recent field studies confirm the potential for improved
production from goats, sheep, dairy cattle and buffaloes in
response to supplementation. The increased production is
justified by cost/benefit analysis but further improvements
should be possible when least cost supplements are devised for
local conditions

The Expert worked closely with the leader of the group in
the Animal Nutrition and Production Section, Dr. C. Hendratno,
and her staff to interpret, summarize and report on results of
recently completed, existing field studies; to initiate new field
studies in different provinces of Java; to develop nuclear and
other techniques for use in planned intensive laboratory studies
aimed at identifying the ingredients in urea-molasses multi-
nutrient blocks that are responsible for their success as
supplements for goats, dairy cattle and buffaloes in a number of
locations in Java.
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I. INTRODUCTION

A. Terms of Reference

The Expert's terms of reference for the mission were:

(a) To continue development of animal experimentation and
supporting laboratory techniques for isolating the factors
responsible for production responses obtained when molasses
blocks are given to buffaloes, dairy cattle, sheep and
goats in Indonesia.

(b) To evaluate the field and laboratory work undertaken
since the last mission (July, 1989) and to assist in
preparation of the work for publication in international
journals.

(c) To develop techniques for using ^ N as means of
studying protein metabolism in buffaloes, dairy cattle and
goats and sheep.

(d) To use these techniques in experiments in order to test
and demonstrate the techniques under experimental
conditions at PAIR/BATAN.

B. Background Information

Status of work

The Agriculture Group at PAIR/BATAN, under the leadership of
Dr. C. Hendratno, have made major progress in the year since the
last mission. Most cf the goals set out a year ago (see Expert's
1988 report) have been achieved, and this reflects great credit
on Dr. Hendratno and her staff.

Dr. C. Hendratno and her staff, in conjunction with the
Director-General of Livestock Services and his staff in the
provinces have carried out a number of studies with dairy cattle,
goats and sheep in the field and have continued to demonstrate
large responses to molasses block supplements. Increases in
animal production have been found in the form of improved growth
rate of cattle, goats and sheep, increases in birth-weight of
kids, and higher peak and total lactation yields, as well as
alterations in the patterns of progesterone concentration in the
oestrus cycle.

Recent findings confirm and extend previous reports of
increased production, and economic benefits, obtained by farmers
using molasses blocks (see the consultancy reports of Professor
R.A. Leng for the period 2-10 January 1988, and A/Professor J.V.
Nolan for the period 26 June - 08 July 1988).

The present mission focussed on the need for PAIR/BATAN to
develop animal experimentation and laboratory techniques,
including methods using radio- and stable isotopes, to provide
basic nutritional information needed to explain why the blocks
are so successfully increasing ruminant production in Indonesia.

* •
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The potential for supplementing ruminant animals in a
variety of locations, with molasses blocks is clearly
established; the major task is now to determine the basic reasons
for the responses so that least-cost block formulations can be
devised. There is thus an urgent need to develop experimental
studies to identify the active ingredients in the blocks that are
responsible for the production responses obtained in the field.

Evaluation of field studies

There was a need on this mission for the Expert to travel to
the field sites where the animal production responses were
obtained, in order to make a sound assessment of the results
obtained in the provinces, and to assist in the planning of
appropriate experiments aimed at clarifying the reasons for the
field responses.

Visits were made to the following locations:-

Goat Breeding Center, Sumbf ~"edjo, Boyolali District, Central
Java Province

Dairy Cattle Field Study Coordination Centre, Boyolali

Dairy Breeding Center, Cikole Lembang Village, West Java Province

Sheep Breeding Center, Kaledong, Kuningan Sub-District, Trijaya,
West Java Province

The Expert also met for one hour with the Head of Livestock
Services in Central Java, Dr. Kusmono, and the Head of the
Division of Animal Production in Central Java, Dr. Soeharto. The
interim results obtained in experiments conducted in the
provinces as part of the molasses block program in the period
1987-1989 were discussed. The desirability of extending the
current trials with goats and dairy cows, to include beef cattle
was noted during the discussion.

Further discussion of the Field Visit is given in Annex 4.

Staffing

The Animal Production Group headed by Dr C. Hendratno is
staffed with competent laboratory personnel (see Annex 1). There
is, however, a requirement for a member of staff to be sent for
special training in the use of 1 % and other tracers in animal
experimentation. Much of Dr Hendratno's time this year has been
used in the initiation of the widely dispersed field experiments
as well as the administrative load associated with a large group.
Some reorganization of the staff responsibilities to reduce the
administrative workload of Dr C. Hendratno would also facilitate
the rate of progress of experiments with multi-nutrient blocks.

Equipment and facilities

The laboratory is well-equipped and contains most instruments
and laboratory items needed for nutritional studies with
ruminants. Some specific recommendations for equipment items
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required for the 1 % studies were detailed in the last report.
All but one of these items have been supplied and with two
exceptions (discussed later) are providing good service. The
maintenance on equipment is good, although some difficulties have
been experienced in obtaining spare parts and the liquid nitrogen
required for ^^U analyses.

II. WORK PROGRAMME

Priorities

The most urgent need was to assist counterparts in the
evaluation of the large body of experimental data collected in
the last year, and to assist in its preparation for publication
in international journals. This evaluation, and the information
obtained on visits to the field experiment sites, form the basis
for the recommendations for further nuclear studies to be
undertaken at PAIR/BATAN.

A second priority was to evaluate the development of nuclear
studies initiated during the Expert's last mission, and to
develop additional nuclear and associated laboratory techniques
required to elucidate the reasons for the responses to the blocks
in the field.

A third objective was to check the suitability and working
condition of the laboratory equipment, including that supplied as
a result of recommendations made on the last mission.

Lectures

Two lectures were given:

— one to the Research Staff of the Animal Production section
on the expert's summary and interpretation of the
experimental results obtained so far, and

- another on 15N methods to a combined group of the
Agriculture and Plant/Soil groups at BATAN on 28 June.

Possible commercialization of block manufacture

The success with the field studies means it is inevitable
that the question of commercialization of block manufacture will
be raised. Although this should be a long-term goal of this work,
it is suggested that this development should not be promoted at
this time for the following reasons:-

(a) It is not yet possible to predict whether responses
will be obtained at all locations and under all conditions.
Different regions with different basal feeds may require
different supplementation strategies. Different strategies
may be required for growth, reproduction and milk
production. Failures in the field could bring the program
into disrepute and result in the loss of confidence by the
small-farm holders.
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(b) The co-operation of the small-farm holders in field
assessment may be jeopardised. This co-operation has been
vital to the success of the program so far, and will be
important to the continuing assessment of the molasses
block supplementation program. This co-operation could be
jeopardized by commercialization at this stage, especially
if blocks are made expensive before the cost/benefit ratio
from their use is known.

(c) Work by the group, using nuclear techniques, is now
beginning to give insights into the reasons for the field
responses. However, until the reasons are clearly defined,
and can be duplicated when required, there is a real
likelihood that inappropriate formulations could be sold to
the farmers. Legislation may be required to ensure that
blocks unfit for the purpose are not sold to small farm
holders.

(d) When the reasons for animal production responses to
block supplementation are understood, it will be possible
to produce minimum-formulation blocks containing the
necessary active ingredients. These blocks will be more
economic, and therefore more acceptable to farmers than
present formulations.

Assessment of 15N analysis methods

An assessment of 1 % analysis methods was made. Results of
some analyses made at PAIR/BATAN were compared with results of
analyses made on a Mass Spectrometer at the University of New
England, Australia. There was close agreement between the two
independent analyses. Some refinements to improve precision of
analysis at low enrichments and other discussions are listed in
Annex 4.

Appraisal of facilities and discussions

During the mission, the available facilities were evaluated
and discussions took place with the personnel listed in Annex 3.

III. CONCLUSIONS AND RECOMMENDATIONS

This mission was undertaken in the intermediate stages of a
program aimed at developing feed supplements to increase animal
production and profitability of ruminant animals in Indonesia,
with special reference to molasses multi-nutrient blocks.

This program has made excellent progress. Several block
formulations have been evaluated, and it is clear that the
current formulation does stimulate animal production (field and
laboratory experiments) and that the responses are economic. The
Expert has concluded that the project is continuing to develop in
a way that will benefit the agricultural industries in Indonesia.
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Recommendations to PAIR/BATAN

It seems clear that supplementation with molasses multi-
nutrient blocks reduces or eliminates a primary nutrient
insufficiency in the field, but which nutrients are involved has
not been determined. Both field and laboratory studies should be
continued to identify the active ingredients in the blocks.
Studies in the last year suggest rumen fermentable nitrogen
(ammonia) is not always a primary limitation wher. animals are fed
freshly harvested forage. The Expert therefore recommends to
PAIR/BATAN that emphasis should now be given to further in-depth
studies of other nutrients supplied to the animal when molasses
block are provided as supplements to fresh forage.

It is recommended that in vitro studies should be undertaken
using 32Pf Jig and li}N to estimate the effects of additions of
sulfur, cobalt, sodium, iron, and other nutrients, on microbial
cell synthesis, ammonia concentration, VFA production and VFA
proportions, and on protozoal numbers in rumen contents from
supplemented and unsupplemented animals.

It is recommended that the in vivo method of assessing
microbial flow from the rumen based on allantoin excretion in the
urine should also be developed and evaluated for possible field
use.

It is recommended that studies be undertaken to establish methods
for treating locally available protein sources to improve their
value as bypass protein supplements. Azolla is one such potential
protein source. Use of mixtures of tanniniferous and non-
tanniferous feeds is another possible feeding strategy.

It is also recommended that laboratory methods be developed
for assessing the degree of rumen protection in potential protein
sources (both treated and untreated). Ammonia production in
vitro, and 14C-formaldehyde labelling techniques should be
developed.

It is recommended to PAIR/BATAN that the field studies should
be continued in those centres where well-controlled experiments
are possible. These studies should aim to investigate the effect
of supplementation with blocks on long-term production, taking
account of effects on live-weight, body score, milk and wool
production and lifetime reproductive efficiency. Economic
assessment should be considered where possible.

The Expert believes that the scientific information gathered
should continue to be reported in international journals, and
recommends to PAIR/BATAN that all new information be submitted
for publication in scientific journals.

The Expert notes again (see the previous report), that the
work of the Animal Nutrition Group is restricted currently by a
lack of supervisory staff, other than Dr. Hendratno, who have
time and the necessary training with isotope tracers and other
techniques needed to complement the more routine procedures
of animal experimentation. Mr. Suharyono has been offered a
place at the University of New England in Australia to obtain
this expertise. It is recommended to PAIR/BATAN that another
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member of the group be sent to a centre of excellence to learn
the specialised techniques needed for ^ N analysis, tracer
techniques for animal experimentation, and computer-assisted
statistical and data processing procedures.

It is also recommended to PAIR/BATAN that a new set of ^ N
standards covering the abundance range 0.366-5.0 atoms % be
obtained to enable the emission spectrometer to be calibrated for
animal nutrition studies.

It is recommended that Volucon acid and alkali standards be
used for ammonia collection and titration.

Recommendations to the Indonesian Government and the IAEA, and
the UNDP

It is strongly recommended to the Government and the Agency
that a follow-up mission of 2-3 weeks take place late in 1990.
The purpose of this mission should be to review the laboratory
studies that have been initiated or recommended as a result of
the present mission, and to evaluate and extend the methods in
use for evaluation of supplements and feeding systems at
PAIR/BATAN.

It is recommended that funds be made available by the Agency
for the purchase of the equipment detailed in Annex 2.
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IAEA FINAL REPORT

ANNEX 1

LIST OF PERSONS CONTACTED AND INSTITUTIONS VISITED

Name Position Affiliation

Cornelia Hendratno

Suharyono
Bintoro Her Sasongko
Rustam Bahauddin
Totty
Titin Maryati
Nuniek
Ahmad Sjamsi
Ibrahim Gobel
Eddy T. Kosasih

Wandowo
Hendratno

Lily A. Sofyan

Head, Animal Production
Group
Research Staff
Research Staff
Research Staff
Research Staff
Technician
Technician
Technician
Technician
Technician

Director, PAIR/BATAN
Head, Agric. Div./
National Coordinator,
UNDP Project No. INS/78/074

Dean, Faculty of Animal
Husbanary

PAIR/BATAN

PAIR/BATAN
PAIR/BATAN
PAIR/BATAN
PAIR/BATAN
PAIR/BATAN
PAIR/BATAN
PAIR/BATAN
PAIR/BATAN
PAIR/BATAN

PAIR/BATAN
PAIR/BATAN

Bogor
Agric. Jniv.

I.P.B. - Faculty of Animal Husbandary, Agricultural University

1. Dr. Palawaruka
2. Dr. Tantun Rustandi
3. Prof. Dr. Harimurti
4. Dr. Bejo Soewardi

Project of UNA/IPB

1 . Dr. Eddy Goenardi
2. Prof. Dr. Justica
3. Dr. Manika Cockram

Associate Dean of Education
Animal Production
Animal Breeding
Ruminant Nutrition

Project Officer of Animal Science
Project Leader of UNA - IPB
Resident Advisor UNA - IPB

Faculty of Veterinary Medicine

1. Prof. Dr. Djokowuryo
2. Professor Sastrodipradja

Department of Physiology
Department of Physiology

B.P.T. Ciawi

1 . Dr. Budi Tanganjaya Department of Biochemistry
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ANNEX 2

SUPPLY AND USE OF EQUIPMENT

The supply of various items of equipment was recommended in
this Expert's previous report (Annex II).

IBM Compatible computer

A computer was made available along with the SDXX
counter/Riastat software for progesterone analysis. Because of
software problems the computer has not been used for its intended
purpose.

The computer has proved to be an invaluable piece of
equipment which has been in constant daily use for data
collation, statistical analysis and report-writing. It was
particularly pleasing to find that all field data have been
entered onto the hard disk and safely backed-up. Much of the
data has been analyzed statistically and presented in graphs by
Mr. Totty Tjiptosumirat. Several draft reports of the field work
are now in preparation for publication, using the word processing
facilities on the computer.

The computer is also now being used for calculating results
from the emission spectrometer and for estimating urea turnover
following ^ 5 _ u r e a administration to buffaloes, using special
programs developed during this mission.

When problems with the SDXX counter are sorted out in Vienna
and the replacement software is available at PAIR, the computer
will be interfaced with the counter, and therefore will not be
available for .stand-alone use.

The purchase of a second IBM compatible Computer (with 80386
processor), locally sourced to facilitate service is therefore
recommended.

Distillation apparatus

The distillation apparatus supplied April 1989 is not
suitable for preparing samples for *^N analyses. The
recommendation made in the previous report was for two units
similar to the apparatus already in use in the Animal Nutrition
Section. This recommendation is reiterated. These units are easy
to operate and can be readily dismantled for cleaning. This
latter facility greatly reduces the probability of imprecisions
in the analysis due to 1 % carry-over between samples during
analysis.

Isotope fumehood

A fume hood has been delivered, and modifications to the
laboratory are under way to enable the equipment to be installed.
A fan was not supplied, but one available locally may be suitable
for this purpose.

jfc. •
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Autoburette/autotitrator

A manual burette with digital readout was supplied and is in
use. However, no autotitrator was supplied, as previously
recommended. to enable titration of 1;3N samples without the use
of organic indicators that may prejudice 1 % analysis. The
provision of an automatic titrator is again recommended.

Gas Preparation Unit For-15N Analyses

With the supply of a gas handling/1^N preparation system,
the Animal Nutrition Section now has the capacity to prepare
samples of N2 for analysis on the emission spectrometer in the
Soil/Plant Section. Previously, the preparation process could
only be undertaken in the Plant/Soil Section. The availability
of the new unit will greatly increase the potential sample
throughput.
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ANNEX 3

TRIP TO CENTRAL JAVA (30 JUNE - 1 JULY)

Accompanied by Dr C. Hendratno, the expert travelled by air
from Jakarta to Semarang to visit field experiment sites in
Central Java and to discuss progress with senior personnel. At
Semarang, Ny. Suyatmi Kamarudin, Head of the Technology Transfer
Section, made the arrangements for the two-day visit. A trip was
made to the goat breeding station at Sumberredjo. The Expert was
impressed by the knowledge and interest of Mr. Sino, the manager.
The quality of facilities and of record-keeping was very good.
This is a recommended site for further nutrition, and nutrition x
reproduction studies.

The following day, the expert travelled to Boyolali to
evaluate the conditions of a second field investigation of the
effects of multi-nutrient blocks on milk production in dairy
cows. Several misunderstandings affecting the interpretation of
the results were clarified at a meeting attended by the majority
of the dairy farmers whose cows were recorded in the Boyolali
trial. At this meeting, Dr. Hendratno reported the interim
results of the trial to the farmers. After the meeting, a visit
was made to two of the farms involved in the trial to enable the
conditions to be evaluated first-hand.

Both the goat trial and the dairy cow trial were conducted
on a very low budget. The results appear to be scientifically
reliable. The trials clearly demonstrate the potential economic
advantages of supplementation with molasses multi-nutrient blocks
and provide further further examples of the positive responses to
blocks obtained in previous trials in Central Java at Boyolali
and Klaten in 1987-1988. The farmers involved recognize the
potential economic advantages of use of blocks and expressed the
hope that a local co-operative can make arrangements for local
manufacture and distribution of blocks.
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ANNEX 4

REFINEMENT OF 1 5N ANALYSIS

One problem has occurred for which there is no obvious
explanation. For a small fraction of samples supplied by the
Animal Nutrition Section and prepared for emission spectrometer
analysis in the Soil/Plant Section, the analysis has failed
because the sample tubes will not sustain the discharge. It is
probably because the N pressure in the tubes is inappropriate, or
water vapour or other gases in the tube may also be the reason.
When the samples can be prepared in the Animal Nutrition Section,
samples which fail to sustain a discharge should be prepared
again, one to have 50% higher, and one to have 50% lower
pressure; these samples should be resubmitted for analysis.

With large animal experiments, the lack of precision of the
^ N analysis on the emission spectrometer, especially with
samples of low enrichment, creates another problem. The quantity
of '^N administered to the animals must be increased to obtain
satisfactory precision. For large animal work, consideration
should be given to buying 1 $1* analyses on a mass spectrometer
(currently US $ 10-20 / analysis). These costs can be offset
against against the lower cost of the 1 ̂ N dose required to be
given to the animal.

The National Atomic Energy Agency, Jakarta has a VG Isogas,
Sira 9 mass spectrometer, purchased on UNDP funds, that is
capable of high-precision '^N analysis with only minimal
modification. The gas handling system in the animal nutrition
section would need some additional parts, and a vessel for
providing standard N2 gas suitable for connection to the mass
spectrometer would be required. This option may deserve further
consideration in the future.

A modified method for calculating abundance in samples
analysed by Emission Spectrometry was developed during this
mission. It appears that the emission spectrometer does not
fully resolve the 1 4N and 15N peaks. Thus the peak ratio (R =
i28/i29) is biassed by the tail of the 14N peak (i28) being
present under the 15N peak (i29).

It is suggested that, prior to any calculations, the value
for R should be corrected as follows:

Corrected R =

i29-(0.00233 x

This equation is now incorporated in a computer program,
developed in the Animal Nutrition Section during this mission,
for calculating the 1 % abundance from the emission spectrometer
output.


