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PREFACE

While trying to develop an introduction for this report, I
attempted to make use of the common character in Chinese idiogram for
the words opportunity and crisis, especially since the character can
also be used to represent a machine. Unfortunately, my Chinese colleagues
could find no way to allow me to use the common character to represent
simultaneously, environmental crisis, food crisis, opportunity, and a
process that might be used to turn the environmental crisis into an
opportunity to solve the food crisis.

My Tack of success almost parallels the result of our attempt to
find ways to increase the amount of food available fcr our world's
population by reducing the level of food waste creating environmental
problems. In the food and environmental area the problem often involves
government regulations, economics which may be artificial and occasionally
local preferences. Our teams uncovered considerable ievels of food and
agricultural wastes which hopefully will become a food or feed in the near
future. Nevertheless this report recommends at least one process which
can be used as a prototype for converting other food and agricultural waste
streams into food or feed and for international cooperation in the area of
food processing education.

Our report is divided into three parts. The first contains our
conclusions and recommendations with a methodology for selecting wastes for
conversion, the recommendzd plant design and a program to implement the
desigu; the second part contains the survey of waste utilization for several
major crops, based partly on existing literature and partly on the results
of our site visits, and the third portion, in the Appendix, contains the

reports for the survey trips taken by the project's three teams. The trip



repcrts have been included in the Appendix for reference since much of the
existing literature lacks immediate applicability. Since not all copies
of the report will contain the trip reports, they will be made ayai]ab]e

on request.
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CONCLUSIONS AND RECOMMENDATIONS

We conclude that the best opportunity to demonstrate the conservation, etc.
s suitable microorganisms for the production of both food and feed products
from waste bananas. The dual product capability represents a unigue oppor-
tunity to satisfy local need and economics. Banana residues in mary nations
constitute a major source of high-quality carbohydrate creating environmental
problems. A non-aseptic fungal fermentation, could be used to produce a

- high-protein animal feed supplement. A protein rich, acid preserved, human
grade food could be produced by a yeast-acid bacterial fermentation.

The project may involve transfer of fermentation-of-cassava technology from
Columbia, or fermentation-of-coffee wastes technology from Guatemala to

major banana producers such as Ecuador, Honduras, Panama, or the Philippines.
Additional supporting studies are also underway in the Philippines and the U.S.
Beside producing sufficient quantities of food and feed products for applica-
tion testing, a demonstration plant would enable the transfer of technology
to other crop wastes. A pilot plant could also be used for training plant
operators and food technologists. A pilot plant design follows. We are also
including a brizf proposal for implementing the construction of the pilot
plants with associated studies.

Our surveys uncovered many examples of molasses being dumped or used td hold
down road dust. We recommend that, in areas where this practice is carried
out, AID funds be provided to help countries carry out a market analysis of
molasses, possible by-products, and the possjbility of government subsidized
prices to make up for transportation costs. A plant can be constructed at

an existing sugar mill for demonstration and training purposes. '

We recommend support of work to produce a feed grade yeast or other food
products such as fish (tilapia) from stillage (calda), and the aqueous
residue remaining from the production of ethanol from molasses or raw cane

juice. Failure to solve this old but rapidly expanding problem, created



by the demand for ethanol as fuel, may have a severe negative influence on
the environment, particularly on another potential source of human food-
streams.

The coffee mucilage project, underway at ICAITI in Guatemala, should be
encouraged because the technology is transferqb1é to other areas and Crops,
including cocoa processing in Ghana.

Engineers must be encouraged to work on methods of water removal from food
products and wastes. Existing methods of drying must be optimized and

work on the replacement of traditional drying operations exparded both in
developing and developed countries. AID and other U.S. agencies, particu-
larly ERDA and the U.S.D.A. should expand funding in this area. The lack

of inexpensive drying methods appears to be a major reason for the neglect
of food processing wastes as a raw material for further processing. The

use of pineapple processing wastes as a cattle feed in Kenya was limited by
its water content. Production of cassava in the hills around Cali, Columbia
was limited by a drying step. Spent brewery grains were wasted in Ghana
until a drying step was introduced. Energy costs may make a "stick water"
concentration process uneconomical for fish processors in Peru. Food and
envi. onmental problems will become more dependent on solutions to the

high cost of energy.

There appears to be a nzed for a set of standards to be used for determining
true production costs. Air, water, land, and health must be assigned values,
or a system for determining values must be developed, so that planners in
each country can determine which path to take to produce more food, preserve
the savirament and health, and achieve employment goals. This is a partic-
ularly difficult area, but one which must be undertaken in order to establish
the true value of products, expose hidden subsidies whose costs are not

readily apparent, and aid planners trying to push a program that has few



immediately visible benefits.

We seem to be caught in an economic trap, a fact I have yet to hear discussed
at the many recent food conferences. For example, potatoes are allowed to
rot on South American fields because the price is so low it is not worih-
while to collect them. VYet if we produce a high protein product to replace
the wasted food the price is often too high for those who rieed it. If we
produce that product or any food crop on a large enough scale, or provide

a subsidy, to reduce prices so that most can afford it, we make it more
Tikely that good food, such as potatoes, will continue to be wasted. High
prices mean poor distribution, yet low prices will reduce production so that
Tess is available. Low prices mean more people leave the food growing areas
to join growing city slums which cannot produce the necessary food. A

study may be required in a few selected developing countries, to indicate
paths to take with regard‘to the proper economic policies to develop a
viable food production system and a healthy population.

A program should be established in Zambia to accelerate the training of

food area persornel, both at technician and professional levels. Such a
program should be of value wherever politics dictate the rapid replacement

of outside experts by locals.



NTRODUCTION

Despite numerous conferences, discussions, and debates in the past
five years, food still remains one of the most complex economic, ethical,
political and technical problems of our times. Straight forward solutions
to the problem of scarcity are difficult to put into effect within the
existing system due to complex feedback patterns. Yet the world cannot
continue to produce and distribute food as it has for the past few decades
because of the relationships between food, environment, population and energy.
We are becoming more readily awaré of the fact that we are now limited to
the resources of this planet.

One solution is to study the system and modify or control it until the
desired response is achieved. Because ofthe moral and political constraints
associated with the food, energy, popuiation and environmental problems, the
engineer or scientist has been satisfied to work with the individual compon-
ents of the system - food, energy, the environment, or even smaller segments.
This study is an attempt to return to consideration of the whole system by
looking at an area where the interaction of at least two components, environ-
mental pollution and the food shortage, may enable a solution to the two problems.

The world food crisis has been well documented (1) as has been the
apparent recovery. We will not attempt to repeat what is readily available.
Certain factors however, appear more important than others:

i. As incomes increase, people can be expected to spend more of their
income on protein foods, particularly protein of animal origin (2).

ii. As industrialization continues, food production will become more
concentrated creating greater quantities of waste at a given loca-
tion. While this can create greater environmental problems, the
concentrated waste can often be more easily reassimilated into
the food cycle.

(1) S. Aziz, Proceedings in The World Food Conference of 1976, Iowa State
University Press, Ames, 1977, pp. 16-18.

(2) R.C. Loehr, Utilization of Residues From Agriculture and Agro-Industries,
UNEP/FAQ Conference, Residue Utilization-Management of Agricultural and
~ Industrial Wastes, Jan. 18-21, 1977, Rome
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i1i. The increase need for nutrients by modern agriculture suggests
more efficient utilization of the products, including traditional
agricultural waste.

iv. Due to droughts and other natural disasters, food must either be
stockpiled or alternative methods of food and feed production
must be developed which are less dependent upon local conditions.

V. Regardless of the total level of food available in the world, there
is a good shortage in many areas. Population projections suggest
that the problem will worsen (3).

vi. Because of the need to produce food as rapidly and as cheaply as
possible, considerable pressures are placed on the environment by
dumping, burning wastes, and poor land clearing methods. This
type of environmental pollution will iead to further deterioration
of existing and future resources for food produciion.

vii. Introduction to non-agricuitural sources of food can provide the

opportunity to increase the total food energy supply (4).
Utilization of traditional wastes for production of single cell
protein is an available method.

This study was launched as an attempt to resolve two issues simultan-
eously - the environmental pollution created by food processing wastes and
agricultural residues and the shortage of food in some areas of the world.

The objectives were to develop a methodology, implicit in this report, for
determining technical and economic feasibility of utilizing waste products
for food or feed and to prepare a plan for one plant to convert such products
to nutrients for human or animal consumption. The study is the product of
two divisions of the American Institute of Chemical Engineers (AIChE), the
Environmental Division and the Food, Pharmaceutical and Bioengineering
Division. The AIChE is a member of the consortium of technical societies,
the League for International Food Education (LIFE). The study was made
possible by a grant from the U.S. Agency for International Development to
L.I.F.E., to be carried out by the AIChE, a member society. The study's
participants are ali members of the AIChE or two other L.I.F.E. consortium
societies, The American Chemical Society and the Institute of Food Technclo-
gists.

(3) ibid.

(4) M. Brin, Nutrient Intervention to Improve Nutritional Status, in New
Protein Foods vol. 2B, A.M. Altschul, editor, Academic Press. New York
. 1974.




Participants from the AIChE were drawn from two areas, environmental
engineering represented by M. Fleischman, and the biochemical engineering area
represented by C. E. Dunlap, J. M. Nystrom, P. J. Reilly and S. M. Barnett.
The cecond group was involved because of their work on biological treatment
of cellulose, hemicelluloscs and lignins, the major components of agricul-
tural residues and food processing wastes. K. Steinkraus, R. Meade, H. H.
Schopmeyer and S. M. Barnett represented the food technology and food industry
component.

The rcountries visited were chosen because interest was expressed by
local technical groups, governmen: agencies, or industry in converting wastes
into a useful product. Several of the countries visited cannot be considered
developing countries due to their high Tevel of technical expertise and their
ability to make use of this valuable resource. Many of the non-US participants
in the study were contacted because their work was known to be relevent to
this study by our survey team members. Our colleagues in each country often
prepared the team's schedule and were particularly valuable in arranging
visits to both laboratories and small and large scale industries. .Due to time
constraints, many desireable visiis were left out. Based upon discussions
and available literature, the survey team members believe they obtained a
reasonable estimate of food waste availability, possible methods of utiliza-
tion, and local influences in each country visited.

The following proposed waste banana process represents our estimate of
a pilot facility most likely to achieve the following goals:

i. reducing a current food waste which creates an environmental problem

ii. producing a feedewhich can be used to increase the amount of protein
available in participating countries

iii. universality of the waste stream

iv. provides basis for technology transfer to other crops and to
eventual direct production of a human grade food

v. there is considerable local interest in making use of this waste
stream and interest and markats for the output.



Recommended Pilot Plant

I. The Application of Food and Feed Fermentations

to Waste Bananas

Charles E. Dunlap, Ph.D.
Dept. of Chemical Engineering
University of Missouri
Columbia, MO 65201

Summary:

Waste or culled bananas in many banana exporting nations constitute
a major source of high-quality carbohydrate which, because of the perishable
nature of the fruit, currently goes to waste. A properly chosen and applied
fermentation processes both increase the protein level of this material as
well as serve as a preservation technique. Non-aseptic fungal fermentation,
currently used with cassava, should be useful with bananas for the produc-
tion of a high-protein animal feed supplement; and yeast-acid bacterial
fermentation should be useful for the production of a protein-enhanced,
acid-preserved foodstuff.

A program is suggested which involves a U.S. - based research effort
and a capable development institution in a tropical, banana producing nation.
A four-year effort is proposed which culminates in pilot plant production
of quantities of both food and feed products sufficient for meaningful

application testing.



Introduction:

The Trip Report - AIChE-AID/LIFE Survey Team II, (Barnett, S., J.

Nystrom, and C. Dunlap)*, and Final Trip Report: Advising Visit to ESPOL,

(bumiap, C., and C. Cooney)* cover in detail the production, availability,
properties, market situation, and value of bananas in the world's banana
exporting countries. These reports also cover the status and needs of
tropical animal and animal feed industries. The need for the development
of simple, easy-to-apply, and inexpensive fermentation processes for bananas
is documented, and the technology of several fermentations is discussed. The
reader is referred to these reports for elucidation of these points at this
time.

This document will present a proposed framewrok and outline for a
development project which fulfills pilot facility requirement of the AIChE-
AID/LIFE project by applying appropriate fermentation technology to waste

bananas for the recovery of nutritionally valuable products.

The general objective of this project will be to apply existing food
and feed fermentation technology to bananas to demonstrate standard processes
which can be used in developing, tropical nations for the improvement of
the nutritional contribution of bananas in the national diet.

Although exisitng technology is sufficient for construction of a
pilot plant for production of fungal protein from banana wastes, some addition-
al research is necessary in order to optimize the organisms and condition
for production of both food and feed. This phase is necessary.

Specific Objectives:

1. To carry out the research and development work necessary to

transfer to use with bananas the non-aseptic, low-pH, high-

* Report prepared for the League for International Food Education
16th Street, N.W.
Washington, D.C.
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temperature growth of Aspergillus fumigatus (or other suitable

fungi) as currently practiced (at CIAT) using cassava. The
product will be a high-protein, dry meal suitable for use in
complete animal rations.

2. To carry out research and development work necessary to transfer
to use with bananas a yeast-acid bacterial fermentation common
to many food fermentations in current use in developing nations.
The product will be a'protein-enhanced, acid-preserved foodstuff
directly consumable by humans.

3. To construct a pilot plant capable of carrying out either of the
two proposed processes on a scale from which valid operating
data can be obtained. The pilot plant design is specified in
the following section.

4. To operate the pilot plant using the two proposed processes for
the production of a sufficient amount of both products to permit

valid preliminary testing.

Research Program:

The research program that is proposed will concentrate first on the
attainment of objectives 1, 2 and 3 concurrently. Phase 4 will follow in
sequence. The research plan is defined as follows for completion of these

objectives:

A: " Non-Aseptic, Fungal Fermentation of Bananas for Animal Feeds
h 1. Choice of organism: Several strains of fungi (including A. fumi-

gatus, Endomycopsis, and other fungi with records of nutritional

application) will be tested under controlled growth conditions
using bananas as substrate. Organisms for further testing will be
selected on the basis of rate and extent of growth on banana at
high temperatures and at low pH. This study should be out while

pilot plant construction proceeds.



- U=

Substrate Preparation: Bananas at various stages of ripeness,

and before and after some hydrolysis treatment will be tested for
suitability as a substrate for SCP production. An attempt will be
made to devise a banana preparation technique that can use whole
bananas, and will result in high cell yields at minimum cost.
Medium Studies: The levels and types of inorganic and organic
nutrients and growth factors necessary for maximum cell growth rate
and substrate utilization extent will be determined in media using
banana as the sole carbon source. This study should be initiated
while plant construction proceeds.

Optimization of Fermentation Conditions: After organisms, medium,
and method of substrate preparation have been chosen, fermentation
conditions such as temperature, pH control, aeration, and agitation
which produce maximum cell yield, high growth rate, and most complete
extent of substrate utilization will be determined. This phase

can be carried out as construction proceeds.

Product Harvesting and Treatment: Research phases 1 through 4 will
be used to pruduce finished cell cultures to ba used for the deter-
mination of proper harvesting techniques. The harvested mycelial
mass will then be air-dried (sun-dried), and mechanically dried and
ground to determine lowest-cost methods for harvesting, drying,

and size reduction.

Process Design: Information from the first 5 phases will be used
to design a standard process which can be carried out in common
equipment, and which produces a product with little variation in
quality.

Pilot Plant and Construction: A pilot plant will be constructed to

carry out the suggested process, as well as Process B. Capacity
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will be such that sufficient product may be produced for valid
animal feeding trials, and the size will be such that valid scale-
up parameters may be found.

Pilot Plant Operation: The pilot plant will be operated according
to the process design criteria. Further optimization will take
place, and operating data will be taken to fully define (and
permit scale-up of) the process. Sufficient product will be

produced to permit animal feeding tests.

B. Yeast-Acid Bacterial Fermentation of Bananas for A Protein-Enriched

Acid-Preserved Food

1.

Selection of Organisms: Several strains of yeast (including Candida

sp., and Saccharumyces sp.), and several strains of acid-producing

bacteria (including Lactobacillus sp.), which have a history of

successful human nutritional use will be grown symbiotically and
sequentially on banana solids under controlled conditions to select
organisms which successfully convert banana carbohydrate to protein;
produce sufficient organic acid to preserve the culture; produce
odors and tastes acceptable to humans; and complete the desired
processing in a reasonably short time.

Substrate Preparation: Banana pulp at various stages of ripeness,
and with and witnout some hydrolysis treatment will be evaluated
for suitability as a substrate for the organisms chosen in phase 1.
An effort will be made to find the least-cost method of preparing
the pulp for the fermentation while retaining or maximizing such
qualities as final protein content, ease of fermentation, product
odor and taste, and preservation qualities of the finished product.
Medium Studies: Types and levels of inorganics and growth factors
included with banana pulp in the medium will be studied. The opti-
mization criteria will be speed and completeness of the fermentation

while retaining product safety and palatability.
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4. Optimization of Fermentation Conditions: Such variables as temp-

erature, aeration, and agitation will be investigated to permit

the selection of processing steps and conditions on a timed basis

which will result in a product of suitable quality and low varia-

“ility.

5. Product Harvesting and Treatment: Techniques for harvesting,

concentrating (if necessary), packaging; and storing the preduct

will be selected and tested.

6. Process Design: (same as for Process A)

7. Pilot Plant Design and Construction: (same as for Process A - in

fact, the same pilot plant is to be used in a dual-purpose fashion

8. Pilot Plant Operation: (same as for Process A except that human

food will be produced)

Project Schedule:

First Year:

Second Year:

Third Year:

Fourth Year:

Phases Al, A2,A3 & A7; and Bl, B2, and B3 will be initiated
and well toward completion by the end of the first year.

Phases Al-3 and B1-3 will be completed and phases A4-6, and
B4-6 will be complete by the end of the second year.

Phases A7 and B7 will be completed, and A8 and B8 will be
initiated.

Phases A8 and B8 will be continued to conclusion of the
project.

Project Participants:

It is proposed that this project be carried out at three locations, each

with specific duties which match demonstrated capabilities and expertise. The

project should have overall direction and coordination from one of these three

participating facilities. The desired capabilities of the three facilities are

noted below.
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Facility A: A U.S. laboratory with experience in the use of biochemical
engineering and fermentation technology for the production
of animal feeds and single-cell protein from carbohydrates.
A good familiarity with the applications of such technology
in developing tropical nations is necessary.

Facility B: A U.S. laboratory with experience in the use of biochemizal
engineering and fermentation, technology for the production
of fermented carbohydrate foods suitable for human consump-
tion. Again, a familiarity with tropical applications is
necessary.

Facility C: A rvacility in a tropical, banana exporting nation capable
of high quality technical research and development work in
the area of fermentation technology. Some formal contact
with, or recognition by, indigeneous industry is necessary.
It is suggested that responsibility for the several phases of the work be
assigned as. follows to these three facilities:

----------- Facilities ------c=u--

A B C

1st year Al, A2, A3 B1, B2, B3 Monitoring
primary primary Al-3, B1-3
responsibility responsibility

2nd year A4, A5, A6 B4, BS5, B6 Monitoring
primary primary and consultation
responsibility responsibility on A4-6, B4-6

3rd year A7 J B7 | . A7, 87
Design phase carried out jointly

4th year A8 B8 r A8, B8
monitoring and monitoring and primary
consultation consultation responsibility

Budget:

Estimated budget for the project can be presented in the same format as

the above Project Activity Plan.



Year

14

Estimated Budget (US$1,000)

---------- Facility =----oee--
A B c Total
50 50 20 120
50 50 75 175
20 20 220 260
20 20 _80 120
140 140 395 675

Suggested Facilities:

Facility A:

Facility B:

Facility C:

Department of Chemical Engineering
University of Missouri--Columbia
Columbia, MO 65201

Dr. Charles E. Dunlap
Project Director and Co-Principal Investigator

Department of Nutrition and Food Science
Massachusetts Institute of Technology
Cambridge, MA 02139

Dr. Charles L. Cooney
Project Co-Principal Investigator

Instituto Centro Americano de
Investigation Y Technologia Industrial (ICAITI)
Guatemala City, Guatemala

Mr. Carlos Rolz
Project Co-Principal Investigator
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vi. international technical cooperation will be fostered between
many countries,
Possible Iacations for the pilot plant are suggested. The recommended
design is for production of both human food and animal feed, an advantage
if the plant is to te adapted to areas with different needs.

A methodology is outlined, listing the questions to be asked by a
planner considering production of a food or feed from food waste or
agricultural residue. The questions were those asked by our survey team
members in order to rank potential wastes and processes according to nutri-
tional needs, environmental factors, economics, and technical requirements.

The questions are set up ', if we prepared a computer program for them.
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PRELIMINARY DESIGN AND SPECIFICATIONS

A Pilot Plant for the Production of
Fermented Banana Products

Basis: ‘Production of 100 1bs./day of dry, feed-grade protein concentrate;
or;

*Production of 1000 gal./week of acid-stabilized, fermented banana
foodstuff.

Description:

This is a preliminary design and economic analysis for a pilot plant
facility which produces a fungal SCP product (100 1b./day, protein content
23%), and has the capability of producing an acid-stabilized, bacterially
fermented food product from bananas. Either green or ripe bananas may be
used in the feed fermentation, and ripe bananas may be used in the acid,
food fermentation. Bananas used for feed production are dumped into a hopper
from which they are fed whole to a single-runner attrition mill along with
liquid medium to accomplish a size reduction and wet-mi1ling operation. The
banana-containing medium is pumped directly to one of two 575 gal. fermenters
(460 gal. working volume) where the medium is heated to 86°C and cooled to
an operating temperature of 45%C. The pH is adjusted to 3.5-4.0, and the
vessel is inoculated with a seed culture of asporogenous A. fumigatus. The
fermentation is aerated and agitated under controlled temperature and pH
for 20-24 hours. The completed fermentation broth is pumped to a product
holding tank. The broth is then flowed to a rotary vacuum filter where the
mycelial and fiber solids are removed and partially dewatered. These solids
next are dried either in a forced-air dryer or on a sun-drying floor. After

drying they are fed through a mill to produce a flaked or powdered product.
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For production of an acid-stabilized, food-grade, fermented banana
product ripe bananas could be fed from the hopper to the belt conveyor
where they are hand peeled. The fruit pulp is fed into a large, positive-
displacement pump where it is mascerated and homogenized. The puree then
is sterilized, cooled, and pumped to one of the two fermenters (now being
operated under anaerobic conditions). The fermenter could be inoculated

with Lactobacillus, or other desired organism(s) and the fermentation

carried to completion. The product would then be ready for consumption.



Material Balance:

Block flow diagrams with material balances are presented for both the
SCP feed process and the proposed food product process.

A. Fungal Fermentation for High-Protein Animal Feed

Stream or Operation Flow Rate (1b./day)

Whole Bananas
(green or ripe) . . . .. e e e e e e e e e . .. . 661
]

Masceration

[

Mascerated
Nho]F Bananas . . . . .. .. e e, i+« « . 661
Medium Mixing JWater, . .o L. L. L., :. . . . 3815 (458 gal.)
Urea . . ... ...... i+« « . 16,33
Phosphoric Acid. . . . . . ‘e w . 13,35
— % Magnesium Sulfate. . . . . Ce e e 2.76
Other Inorganics . . . . . by 0 0 0 ==
Vitamins and :
Growth Factors . . . . . e e e ==
Fermentation |-e Air
i
Product Surge
Tank
Filter — Water ., ., . .. .. e o ole o . . 3245
]
Dewatered Moisture , . . . .. ... . ... 570
Product — Fiber. . . . . ... ... .« . . 38,2
Cell Mass, . .. . . e o oofe e .. 62.3
Drying >~ MWater. . ., ... ..... .« o« . . 565
1
Product . . . . .. ... ... ........ e o oo o . . 105
Moisture. . . . . . 5
Protein . . . .. .26
Fat . .. ..... 3
Fiber . . 37
NFE . 3 |
Ash ., . . . 8
100%
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B. Acid-Stabilized Food Product

Stream or Operation Flow Rate (1b./batch)
whqle, ripe, bananas . . . . .« . . AN 5425
Peeling > Péels . . . ¢ v o o e 1625

L
whq1e Pulp « v v v v v e o v v s e v e e e s e 3800
Mascerating

Sterilization je¢——ro Steam

1

Cooling (= Cooling Water

Fermentation

|
ProduClt » v o v « « « o o o o o o s o s 0 o s .. 3600 (aporox.)

Process Design:

The flow diagram for the pilot plant is shown in the following equipment
flow sheet. A1l major pieces of process equipment are listed and preliminary

specifications are given in the list of major process equipment.
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Moist
Product May
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Prior to
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Preliminary Flow Sheet - Banana Fermentzcion Pilot Plant
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Process Equipment Listing .
{211 equipment s keyed to the equipment flow sheet)
A. Hopper: To ' ;1d bananas f
" R S e
conveyor,
Capacity: 64 fe.3 F.
Power: N/A
Estimated Cost: $2,230.00
. fomepr “rate 1o s ither astr et o el e bananes ot & controlleg
(G); variable speed drive, to be 34" off floor to penni{ :aﬁ:mp
peeling from belt, to be 28' long.
Capacity: 1 ton/hr. whole fruit G.
Power: 3 HP
Estimated Cost: $5,400.00
€. Elevator igggebs?:ui;;veﬂopper with rerovable diverter to clear fruft
elevator (0); mitd severs parotaye, 0PIk by w11 feed
Capacity: N/A
Power: N/A
Estimated Cost: $ 700.00 "
D. M1)) Feed Elevator: To rafse f
;7$3 ::2:?: ésg;t:g?alr:;ggzzoszﬁggte}:v;F?rbzgﬁg:rtﬁgg :?e?;:;r.
Capacity: 1 ton/hr. fresh fruit
Power: 2 HP
Estimated Cost: $2,200.00 1.

Mi11 Feed Hopner: Vee hopper with positive screw feeder on bottom to
force feed fruit into attrition mill (F), mild steel, painted,

to be mounted in-line with mil1l feed port.
Capacity: 1 ton/hr. fresh fruit

Power: 1 HP

Estimated Cost: $1,600.00

Attrition M{11: Single runner, forced-fed, 18" attrition mill to carry
out masceration of fresh, green or ripe, bananas with added
1iquid medium, mild steel parts except attrition discs, to be
mounted on steel frame above Moyno pump (G}, and with product
outlet port to feed Moyno pump inlet.

Capacity: 1 ton/hr. fresh fruit
Power: 25 KHP

Estimated Cost: $6,500.00

Moyno Purp: To receive whole banana pulps from conveyor belt (B) after
hand peeling, or mascerated whole fruit and liquid medium from
attrition mill (F), to pump stream either to an outlet flush,
or to sterilizer (J), or fermenters (P) (G), rubber stator,
stainless steel rotor, variable speed gear drive.

Capacity: 500 GPH of mascerated banana pulp or a stream contafning
60 g/1 dry weight of mascerated whole bananas at up to 30 psig.

Power: 5 HP

Estimated Cost: $7.,400.00 -

Medium Mabe-Up Tank: To permit mixing and make-up of total fermentation
Yiquid nedium (less bananas) in a batch; open-topped, mild steel,
painted inside and outside with epoxy-based enarel, pump-recycle
agitation, elliptical bottom with bottom drain, on legs, outlet
24" off floor,

Capacity: 600 gal. (80 ft.

3)
Power: H/A

Estimated Cost: $3,540.00

Medfum Purmp: Centrifugal pump, mild steel, to provide‘recyc!e mixing to
fiedium make-up tank (H) and to pump medium to mill feed hopper
(E£) at a controlled rate {using bypass to tank).

Capacfty: 40 GPM (water) at 15 psig outlet, 2 psig inlet
Power: 2 HP

Estimated Cost: $1,090.00
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J. Sterilizing Heat Exchanger, and {X) Cooler: Plate-and-frame exchanger 0. Seed fFermenter II: (as 1n N.)
to heat banana puree from artient temp. to 280CF with condensing -

steam, to provide 8 min. holding time for puree, to be stainless Capacity: 200 liters

steel; also to provide cooling section (X} to cool puree to 120°F

prior tn outlet using water gt 800F, Estimated heat transfer Power: 2 HP

surface necessary 1s 100 ft.¢ {in heating section and 100 ft.2 in .

cooling section. Estimated Cost: $6,000.00
Capacity: 100 GPH of banana puree P. Fermenter I: Batch-type fermenter, baffled, turbine agi{tated, with

dimpled jacket sides and bottom with fittings and sensors
Power: N/A forpr. temperawcre, aqitation, foam control, ard aeration;
. to be operated uncer either acrobic or anaerchic conditions

Estimated Cost: $8,200.00 to have variable-speced agitation; with elliptical heads '

top and bottom, all stainless steel construction.
L. Fermenter Control Panel: To contain central controls and readout devices n

for the control of aeration, temperature, pH, and antifoam Capacity: 575 gal. (480 gal. workin me ) ; '
agent addition of all fermenters (0, N, P, Q) ard to provide P 8' {511. onglegs(for %loor mount?n;?]u ¢); to be 347 1.G.
recording of pH and temperature, also to provide rezdout devices
for agitation rates; each of the four fermenters to be controlled Power: 10 NP
separately.
Estimated Cost: $22,500.00

Capacity: N/A
Q. Fermenter II: (as inP.)
Power: 4 HP Eqv.
Capacity: (as inP.)
Estimated Cost: $21,200.60
Power: (as in P.)
M. Inpculun Transfer Purp: Centrifugal pump to transfer contents of seed -
ferrenter (ti) to either 0, P, or Q, or to transfer contents of Estimated Cost: $22,500.00
seed fermenter (0) to either P, or Q, to be stainless steel.

R. Product Surge Tank: To store product broth from fermenters P and Q

Capacity: 10 GPM (water) at 15 psig prio; to filtration; mild stee! with epoxy paint inside and
outside, on legs for floor mounting, cpen top, elliptical
Power: 0.5 HP bottom. 9. ©p P P )
Estirated Cost: $1,300.00 Capacity: 600 gal. (80 ft.a)
N. Seed Fermenter I: Small, batch-type, fermenter for propagation of fnoculum Power: N/A
rom Tab cultures; to be stainless steel, to have controlled anti-
foam addition, pH, agitation, and termperature, cost to include all Estimated Cost: $3,540.00

ports, valves, sensors, insulation, and internals.
S. Filter: Carter-Edco-type rotary compression filter to remove solids
Capacity: 20 liters (mycelia plus fiber) from feed fermentation finished broth,

to produce solids cake with 25% solids, mild steel construction.
Power: 1 HP

Capacity: 100 1bs. dry solids (480 gal. 1{iquid) in 4-6 hrs,
Estimated Cost: $4,200.00 gat. Tautd)

Power: 0.5 HP

Estimated Cost: $17,400.00
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Summary of Capital Equipment Cost

T. Filtrate Pump: Centrifugal pump to remove filtrate from filter sump
and transfer to recycle or drain; mild steel.

>
lug
§
pnd
[

Capacity: 10 GPM at 10 pst
pacity psig A 2,220
Power: 0.5 HP ] 5,400
: .
d Cost: $1,300.00 »200
Estimated Co E é.gOO
U. Dryer: Rotary drum or batch vacuum pan dryer to dry dewatered mycelia- ,500
fiber product from 75% moisture to less than 5% moisture. g ;,ggg
Capacity: 400 Ibs. of 75% moisture product to less than 5% I 1,090
moisture 1n 4-6 hrs. To evaporate 50-75 1bs. of water per : 8,200
hour, h 21,200
: P 1,300
Power: 1 H g Hero:
| : $8,160.00 6,000
Estimated Cost b 200
V. Flaking Mi11: Hammer mi11 to reduce dry product to a2 homogeneous meal. g 2§,ggg
Capacity: 100 lbs./hr. of dry product ; lg.ggg
Power: & HP ] 3,16¢
ower v 2,100
Estimated Cost: $2,100.00 Estimated total cost ~—
of pilot plant major $149,060

equipment

Calculation of Installed Plant Cost

It 1s assumed that the pilot plant will be {nstalled in an existing building
needing only minor modification for foundations and footings, gas and e1;ctrlca1
hookups, 1ighting, ventilation, and building services.

No design or engineering fees will be charged against the plant. It s
estimated that necessary utility and building modifications, electrical systems,
piping, valves, insulation, and all installation labor charges will amount to 0.8
times the cost of major process equipment. These charges would, therefore, be
$119,250.

The estimated total installed cost of the pilot plant would be $268,300.
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Estimated P1lot Plant Operating Costs

A. Production of Fecd Protein Product (300 day/year operation)

Cost Area $/Ton

Ton/yr.

$/yr.

$/Ton Product

Raw Materials:

8.00 100
180.00 2.47
Phosphoric acid 160,00 2.02
Maynesium sulfote 122,00 0.41
Other inorganics -- -
Growth factors - .-

Bananas
Urea

Estimated raw materials cost:
Labor:

Shift 1:
Operator (1) @ $2.30/hr.
General helpers (2) @ $1.80/hr,
Shift 2:
Operator (1) @ $2.30/hr,

Shift 3:
Operator (1) @ $2.30/hr,

Estimated labor cost:

Supervision:
No charge

Plant Supplies:
Maintenance of plant process
equipment at 2% of equipment
cost per year

Royalties and Patents:
Ko charge

Utilities:
Electricity

Estimated use of 596
HP hrs/day, or 178,800
HP hrs./yr., or 133,432
KWH/yr. @ $0.101 KWH

Steam

Sterilizing and drying
only: estimated use of
200,000 1bs,/yr. @
$4.00/1000 1bs.

Hater

Estimated use of
150,000 gal./yr. at
$0.65/1000 gal.

Direct Manufacturing Cost:

Indirect Manufacturing Cost
(Assumed zero for pilot plant)

Deprec’ fon

Fixed {2al depreciated
over lu years by straight-
1ine method

Taxes and Insurance are
assumed by parent organization

Estimated total cost of manufacturing
per year

800
445
323

50
100
100

1818

5,520
8,640

5,520

5,520

25,200

5,360

13,343

800

97.50

50. 36
27.99
20.35
3.15
6.0
6.30

114.45

1587

337.50

840

50.36

6.14

46,618.50

14,906

2,935.67*

938.67

$61,524.50

$3,874,34*

*Note: Estimated cost per unit of product 1s very high for the pilot plant due

to Yow production level.

Great economies of scale may be realized per

unit of product {n charges for labor, depreciation, and utilities when

plant s scaled up to production size.
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fethodology for Evaluating Feasibility of Using a Waste(s) as Food
)r_Feed in Lesser Developed Countries

An outline is presented of the factors which must be evaluated to
letermine the suitability of using a specific agricultural or agro-
Industry residue as food or feed in a specific lesser developed country.
lhe details of this methodology is implicit in the evaluation of waste
itilization made in the AIChE AID/LIFE project.

A. Are the residues currently being wasted?

1, No. -~ Other utilization possibilities could be evaluated.

2. Yes - Obtain the following information:

a.
b.
c.
d.

e,

£.

g.

Form of waste-solid, liquid, aqueous
Composition (quality) of waste

Where and how dumped

Treatability of waste for safe disposal
Cost of waste treatment

Factors inhibiting waste treatment, e.g. large land
requirements.

Significance of environmental impact of the waste.

3. What is the degree of governmental and industry environmental
awareness and concern in the country?

a.
b.

C.

dl

Are there pollution laws?
If yes, are they enforced?

Dous the appropriate industry feel that the standards
are too strict?

Is industry cooperative in controlling deleterious
waste streams or is governmental pressure necessary?

B. Are there nutritional needs which can be met by direct or
indirect use of these wastes and incentive and interest in doing

so?

1. What are the nutritional needs of the people in the country?

2. Can waste utilization help meet these needs via use in the
country as:

b.

Human food

Animal feed



C.

D.

What

3.

Are there export possibilities for products made from the waste?
for example, in Indonesia, due to processing and transportation

costs products made from thrash fish will be exported to Japan.
What are the profit possibilities of by-product utilization?

Are companies interested in diversification, i.e. new products
made from waste?

Is governmental environmental pressure necessary for waste
utilization? For example, due to governmental pressure in

the Philippines, coconut water from desiccated coconut factories
will be used to make yeast and vinegar.

Are local government, industry and researchers receptive to
waste utilization projects?

is the availability of the waste(s)?

What is the volume of waste available for utilization?

Is waste generation seasonal, e.g. crops grown and processed
only part of the year?

Are there periodic surpluses of waste, e.g. pineapple cannery
wastes?

For seasonal generation, is storage of wastes necessary, and if
so, are storage facilities available?

Can wastes from seasonal crops be processed in rotation?
waste collection and transportation be a problem?

What is the size and type of site where waste is generated,
e.g. large centralized factory, village level, or cottage
industry? (Factory generated wastes present less of a
collection problem.)

Are the generating sites widely dispersed, particularly at the
village scale?

Are transportation systems adequate for transporting the waste
or waste derived products toc.iprocessing and user sites? For
example, molasses is largely wasted in African countries because
transportation to shipping points for export is difficult and
expensive.

Will residue spollage due to tropical climate, mold formation,
insect infestation, general unsanitary conditions, and other
factors be a problem, particularly at the village scale? For
example rice bran must be stabilized to avoid rancidity. Copra
cake is unfit for human consumption because of unsanitary
processing and tropical climate.



5. What steps are necessary to prevent spoilage? e.g. better
copra drying, rice bran stabilization.

6, Are suitable village scale units available to accomplish D5?

7. Can waste be used directly or processed at or near the site of
generation? For example, immediate feeding of wastes to local
animals or of processed waste will alleviate collection, spoilage,

and transportation problems.
8. Can such processing as in D7 be done at the village level?

Are there appropriate research and processing facilities and personnel
for evaluating and implementing waste utilization?

1. Are government and industry responsive to innovation and change?
2. Adequacy and availability of?
a. Trained scientists and engineers
b. Laboratories for waste utilization research and development
c. Equipment for waste handling and processing

3. How highly developed is the industrial and technology base of
the country?

4. Is there business sector capability for marketing waste derived
" products?

5. Is there experience within the country with residue utilization?
For example, tempeh is made in Indonesia by fermenting peanut,
soy and coconut press cake, and vinegar and nata is made by
fermentation of coconut water in the Pl.ilippines. Such established
practices indicate awareness and exper. .nce in residue utilization

and possible acceptance within the country of residue based
products.

Are human foods derivable from the waste?

1. No - Consider usage for animal feed, growing algae or growing fish.
(Reasons for no include toxicology and fiber content.)

2. Yes

a. Are the products desirable from a nutritional or:social
viewpoint? For example, residue derived products such as
rice bran oil, protein isolate, juices, and single cell
protein are nutritious. Vinegar and alcoholic beverages
have little nutritional value and the latter may not be
a desirable product.

b. Will the product be locally acceptable and marketable from

the standpoints of cultural factors and willingness to
try new products? If not, are there export possibilities,

e.g. alcoholic beverages?



What

5.

8.

9.

¢. Will new product be economically competitive with or as
acceptable as product which it is intended to replace? e.g.
canned coconut milk vs. individual home produced milk in
Philippines, Thailand, Indonesia.

d. Will higher technology and more stringent processing
conditions be necessary for making a human food from the
waste as opposed to an animal feed? Generally human
products require stainless steel equipment and asceptic
conditions, thereby making economics less favorable for
human food products from residues.

are the possibilities for waste usage as animal feed?

Are there feed shortages in country so as to favor waste

utilization? e.g. Thailand is a feed exporter and is not short
of feed.

What types of feed are needed, e.g. protein, carbohydrate, fiber?

What is the composition of the waste, e.g. protein, carbohydrate,
etc? Can use of waste or waste derived product reduce fend

imports? For example, palm oil sludge as a source of feed in
Malaysia may reduce maize imports.

What animals can be fed on the waste itself or on derived
products, e.g. chicken, pigs, cattle?

Are there adequate numbers of animals to use feed or is there
too much waste available? For example, there is little cattle
in Malaysia, but Malaysia is trying to increase the numbers.
Also, there will be much more palm oil sludge available than
there are pigs to feed on it.

Will there be cultural problems in using waste derived feed?
For example, oil palm sludge is excellent hog feed, but because
Malaysia is a Muslim country there are some limitations to this
application.

Will there be willingness to try new feed supplies?

Can immediate, direct (wet) feeding of wastes be done? This
will require proximity of animals and integration with a feed
lot, and minimizes processing and transportation costs and
requirements.

Is further processing of wastes necessary for purposes of
storage, preservation, quality, and use?

a. Are there adequate fuel supplies to provide heat for
dewatering (evaporation) and drying?

b. Can residues be used as fuel? For example bagasse is

used as fuel in sugar mills and oil palm fibers are used
in oil palm mills.

¢. Are suitable field driers available for rural operations,
e.g. copra driers?
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d. Can non-evaporative concentration methods he used to
minimize fuel requirements, e.g. reverse osmosis?

e, Can oil be extracted from residue, e.g, rice bran oil from
rice bran?

f. Can valuable constituents of a residue be recovered by
separation techniques such as extraction precipitation or
adsorption? For example, protein isolate can be obtained
from rice bran by alkaline extraction.

g.' "Can single cell protein (yeast or fungi) be produced from
the waste by fermentation? If yes,

° Are supplemental nutrients necessary and available such
as nitrogen, phosphorus and sugars?

® Is concentration necessary prior to fermentation?

° Are there fuel limitations if drying of product
is necessary or desirable?

'S Are secondary wastes generated? and if so,
+ What is their environmental impact?
+ How can they be used?

10. How does the cost of the feed produced from the waste compare to

the cost of competing feeds currently in use? e.g. single cell
protein vs. soy meal.

Can algae grown on wastes be used as feed?

1.

2.

3.

4.

Is wastewater of proper composition? e.g. biochemical
oxygen demand should be less than 200.

Is this application suitable for wastewater remaining
after other processing. '

Are the requirements for mixing and harvesting too
complex and costly, particularly for ruvral based agro-
industry?

Would marketing of algae be a problem since feed producers
are not used to handling it?

Can wastes or algae grown on wastes be used in fish ponds?

1.

2.

Would fish which could be grown be an acceptable food

in the country, e.g. carp, catfish?

Is there local capability to operate fish ponds?
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J. What are the technology requirements for waste utilization?

1. Can existing technology be used and is it available
in the country?

2, Is technology transfer or obtaining the technology from
the open literature possible?

3. Is pilot testing necessary in cases Hl and H2?

4. Is the appropriate utilization and processing technology

developed to the point where they can be piloted or is
further research needed?

5. Is technology suitable for rural agro-industry, i.e.
simplicity?

Evaluation of the above factors should involve meeting with and visiting
the facilities within the country of:

® Food processing industries and government and industry umbrella
groups for a particular commodity, e.g. Federal Land Development

Agency (FELDA)--palm oil in Malaysia, PHILSUGIN (Philippine Sugar

Industry).

. Government environmental control crganizations

. Government industrial ministries

™ Scientists, engineers, universities and laboratories concerned
with food production, processing, waste utilization and pollution
control

° Agricultural and nutritional officers at USAID missions and
embassies. .

Evaluation of waste utilization possibilities in the Philippines and Indonesi:
exemplifies application of the above procedures. The Philippines was

cunsidered to be a suitable location for waste utilization for the following
reasons:

) The National Water and Air Pollution Control Commission appears
to be making a strong effort to control pollution.

° Food wastes of various types are avallable in central locations

in relatively large quantities, e.g. coconut water from dessicated
coconut plants, rejected bananas.

° There is some history and awareness of using wastes from food
production and processing, e.g. current interest in protein
isolate from rice bran for use in baby foods.

° There are suitable related facilities and resources including
large well managed, modern food processing plants; large, active
and financially secure food authorities, e.g. PhilCoa, PhilSugin;
university and government research facilities related to food
and wastes, e.g. University of Philippines at Los Banos and
Diliman, Philippine Women's University and NIST.



Indonesia was not deemed suitable for AID sponsorship of a future study
although a pilot study on use of production and processing wastes could
have a significant impact in Indonesia. Large natural resources are
available, there is a definite need to increase availability of food and
feed, and from harvest to consumption, there is 20-30% wastage of food.
Also the expertise which would be supplied by AID would be more essential
here than for example in Malaysia. A great strength in Indonesia is

that they have ied the world in utilization of waste for conversion to
human food by fermentation. The best example is the ontjom-bongkrek process
by which soy, peanut or coconut press—cakes ordinarily fed to animals in
the Western World, are converted through a fungal fermentation to a human
quality protein-rich meat substitute. Despite these positive aspects
however, a pilot project might be difficult to implement in Indonesia for
reasons which follow:

. The present, major emphasis in Indonesia is on focd production
and jobs, and not environmental matters. In general, environmental
awareness is lacking, and education is needed for nonenvironmentally
destructive growth. The poor telephone and mail tystem, and
cultural and political differences could cause difficulties in
in implementation.

° The food industry in Indonesia is largely rural based and widely
dispersed. This creates problems in the level of tecnnology
which can be used and transportation of wastes and finished
products. Use of village level technology would be appropriate
here. The government is trying to develop cattle areas in
eastern Indonesia which will increase the need for feed and thus
the potential for using feeds derived from wastes, e.g. palm oil
wastes. However, because of transportation costs, it may still
be cheaper to sell animal feed to Japan rather than using it in
Indonesia. Indonesia, being a Muslim country, the same limitations
on hogs as in Malaysia, also apply here.

o According to Dr. Sastrapradja of the Indonesian Institute of
Sciences, the government would be interested in a pilot project
if a fullscale operation would eventually create more jobs.
Business interest in a pilot project would be based on future
profitability and not the benefit of environmental control. Dr.
Sastrapradja also pointed out the lack in Indonesia of scientific
manpower, particularly engineers, to implement a food waste
utilization pilot projcct.

M. FLEISCHMAN

MF/ad
9/16/77
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BANANAS

Bananas are produced in most countries in the humid tropics, with
Ecuador and the Philippines being the largest producers. In 1974, Columbia
produccd 0.8 metric tons, Guatemala 0.8, Ecuador 2.7 and Ivory Coast
0.172 (1). The bananas are produced principally for the export trade
which has rigid standards for size and shape.

Bananas are cultivated, harvested, processed, packed, and shipped in
much the same manner wherever they are grown. Banana wastes are currently
generated at packing stations where the bananas are removed from the stalk,
washed, treated and packed for shipment. The stalk is thrown into a
trailer and the fruit is sorted into first, second, and rejected grades.
Most of the rejected fruit is due to skin blemishes and being under or over
size. Hence the rejected or wasted bananas are of fairly good quality. The
reject bananas and stalks are trucked away to dumps where they are burned
or allowed to rot, thereby causing bad odors. Some find their way into
waterways in the Philippines, and reject bananas are of environmental concern
in the Philippines (2).

The banana market is a sensitive market in terms of fruit quality and
price. If bananas are not near perfect, they are not sold. The selection
at the site is critical. If bananas are too expensive, then the quantity
sold falls. In most of the world bananas are a luxury food and are purchased
when the price is low. Early this year a banana tax was to be imposed in
anama on all expected fruit. This tax would substantially increase the
xrice and, as a consequence, there may be even more waste bananas in Panama
in the future (3).

Little is being done with waste bananas anywhere. Some rejects go



2.

into manufacture of puree, banana chips, banana ketchup, glue, and for swine
feed. The market for these uses is however limited. For example in Panama,
the approximate production figures for Bocas del Toro and Puerto Armuelles
are 15 x 106 boxes shipped from each location per year. Each box contains
about 40 1bs. Therefore, the total shipment from Panama is 30 x 106 boxes or

1.2 x 109

1b banana/year. If one assumes a 309 wastage, there is 5.1 x 108
1b/yr of waste banana and only 20% of this total is used for puree, so that
4,1 x 108 b/yr (2 x 10° gons/yr) are available as waste (3).

Depending upon the export market and time of year the fraction of
fruit rejected at the packing station can be as low as 5-10% or as high as
30-50% of the current banana production. The quality standards change as
demand for bananas rises and falls on the export market.

The waste green bananas are mostly water (74.8%) and starch (=25%).
Upon ripening, the starch is converted into sugars and the composition be-
comes glucose 4.8%, fructose 3.7% and sucrose 12.7%. Therefore, if a
single plantation normally ships 50,000 tons/yr of fresh fruit (medium
sized plantation) and has a 20% cull ratio, about 2500 tons/yr of starch
(in waste fruit) would be generated. In Ecuador, at an average level of 20%
waste of the total export there is approximately 0.27 million ﬁetric tons
of wasté/year amounting to 68 thousand metric tons of fermentable carbohy-
drate per year. At full value of the banana (5¢/kg) this carbohydrate would
cost 20¢/kg (=9C/1bm). As a waste, its value to any process is questionable
but it is likely that an established process to utilize these bananas
would create a price of around 1-2¢/kg. This would help insure year round
availability of the substrate. At this price the carbohydrate cost would be
around 4-8¢/kg (1-3¢/1bm) (1). A more detailed description in the form of a

proposal is given for Ecuador later in this report. Some details of wastage



will now be given.

Tiller (4) reports that "vast quantity of bananas passes through the
port of Guayaquil in Ecuador. In the past, a substantial portion of the
bananas have been lost because of improper handling. Poor sanitary control
has been a major factor. Generally, many of the bananas brought to the port
of Guayaquil are not accepted for shipment. They are then sold on the local
market at low prices. The excess bananas could be utilized as a raw
material. The need for a steady supply would quickly bring the price up to
aqya]ue comparable to those which are exported. However, there is a poten-
tial supply available if the appropriate processing could be developed."

Friesecke (5) reports that in 1953 in Ecuador "The amount of banana
culled or exceeding export possibilities was estimated to be around 300'000
metric tons a year. As no facilities were available in Ecuador to process
bananas for human nutrition, the only choice was to apply green bananas for
feeding of cattle and pigs." His experiments are described later.

Larkins (6) reports that in Costa Rica "All banana growers have a
production problem,a banana waste generated from undersize, rejected
appearance, overripe and incorrect temperatures within the banana before
snipment. This waste is, at present valueless and being almost pure car-
bohydrate has only proportiate value as feed even to nigs."

| The Philippines produces bananas for export, principally to Hong Kong
and Japan. The Japanese, however, will accept only the middle sections of
the banana bunches, and they do not accept either the very large or the

very small bananas. Thus, there are reportedly mountains of bananas in
banana plantations all over the country without any commercial use. The
majority of these surplus bananas are dumped in landfills and rivers, and

are a major environmental concern in the Philippines. Reportedly, 15-50% of



the entire banana production is rejected and in Mindanao, a major banana
producing region, 50 tons per day are wasted (7). ,

It is estimated that 40-50% of fruits and vegetables g}own in Nigeria
fail to reach the market due to rotting and over-ripening (8). Such
materials include over-ripe banana (Musa Covendish). In summary the estimated
quantity of waste bananas in selected countries is as follows:

Metric tons per year

Philippines 1x10° (9)
Panama 2 x 105 (3)
Ecuador 2.7 x 105 (1)

Current uses previously mentioned and potential uses of wastz bananas,
e.g. vinegar, alcohol, single cell protein, will be described. Reclaima-
tion of nutritional value of waste bananas appears to be a viable develop-
ment project (1) because

- Transportation and central gathering of waste bananas is already

practiced.
- Bananas are produced year-round and waste generation is constant.
* Quantity of the waste material is sufficient to supply a plant of

reasonable size.

Banana stems can be used for feed, wrapping, an' compost, young leaves

for wrapping, and dry leaves for compost. Banana peelings and stalk are unused.

I. Wastes Bananas as Animal Feed .

There is limited direct feeding of waste bananas to swine and cattle
in feed lots near the banana plantations. In Panama, possibly 1-2% go to
pig farmers and only a very few feed lots in the Philippines use the waste
bananas (10). Direct feeding to cattle has been unsuccessful.

Protein must be added and DelMonte (11) had to mix the bananas with

molases.



A study was made in Ecuador (5) of feeding green bananas to sheep
and pigs, and ensiled bananas to ruminants. Ensiled bananas were used for
the determinations of the feeding value in ruminants because in this ferm
bananas may be easily blended with any given quantity of alfalfa or other
roughages richer in protein, in order to produce a feed, the protein and
energy contents of which approximately correspond to the nutrient require-
ments of ruminants.

"The results indicate that bananas are rather poor in protein. For
pigs, however, they are of high energetic value and of high digestibility.
Consequently, green bananas may be recommended as basic feed for fattening
pigs together with 800-1000 grams daily per animal of 5 concentrate con-
taining about 30 to 35 percent of crude protein."

"In ruminants the digestibility of the organic matter, and consequently
the energy value, of green bananas is somewhat Tower as compared to that in
monogastric animals. This may be explained by the ow contents of crude
protein and crude fibre which probably do not permit adequate development and
function of the microflora of the rumen. The energy value of ensiled green
bananas is, however, still higher than that of maize silage. For ruminants,
green bananas may be recommended as an energy supplement for animals on
pasture; they may as well be ensiled together with 50% of green alfalfa in
order to compensate for the low protein content of pure bananas. As indi-
cated by an additional experiment, green bananas, be it in a pure form or
blended with alfalfa, should always be ensiled with 1.5% of molasses added
in order to facilitate the fermentation process."

"The vitamin and mineral contents of bananas were not investigated.
The low fat content of the material would however suggest that bananas are

by no means rich sources of fat-soluble vitamins A, D, and E. Hence care



should be taken to provide a suitable supp.ement."

In summary, green bananas are a fecd pou~ in digestible protein, but
of considerable energy value. Friesecke () alco recommends that,to avoid
high transportaticn costs due to the high noisture content of fresh bananas,
drying be carried out t. produce a meal.

Mention has been made of a United Fruit pilot project in Honduras where
catfish are reared in confinenent and a part of their "Zeed" is banana waste (6).
II. Banana Flour

Banana flour could susplement the diet and reduze wheat imports to the
Philippines. There have been pasts efforts to make ancd market banana fleur in
the Philippines, and because of the large volume:s of re'‘ect bananas interest is
again current.

Dr. Engel, USAI), in a meeting with the third site visit team, recalled
that some time ago, a program was started for producing banana flour by running
the hananas through a splitter knife and squeezing the nulp between two perfor-
ated rolls. The produc: was not satisfactory fcr food sjecause it was too bitter.

Banana meat has been <ehydrated, pulverized, anli solvent-extracted with
hexane in small scale a“ the Yational Institute »f Science and Technology (NIST)
and at A. Soriano & Co. Espiritu has installed o plant in Mindanao to produce
banana flour for export to Germany. This plant alsc wa: not successful.

Dr. Manolo Santus (12) was producing banana flo:ur in a 9 ton/day pilot
plant in Davao del Sur, Philippines, using greer Cavend:sh bananas that fail
to m2et the rigid standirds of the export trade for siz.- and shape. In the pro-
cess the bananas are ma:erated, dried, and ground into : light brown flour.
Stainless steel equipment must be used because ordinary steel will cause a purplish
1iscoloration when it comes in contact with banai:a tissue (13). Green bananas

are used for a starch p-oduct and ripe banenas jor a sw:et product. Ten kilos

of fresh bananas at 80 .2rcen: moisture yield 1 <ilo o! banana flour at 10 per-
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cent moisture., The fisur cor-ains #.6% protein. 4.1% ash, nd 1.7% fat.
v has s S-homonth shelf dley and in W47% wan priced at 0 /3 the price of wheat
flour (lu). It is a pood oxtend:r for imported wheur flovr or a calorie source
for a blended baby food. :4sed on the 1975 level of hanan: exports, it is esti-
mated that the total poter tial product.ion would be limitec to 20 tons/day.

This project has -eased die to marketing and finatcial problems. Bread
made from this flour becores brown and is therefore generally not acceptable to
Filipinos. The AIChL AID .IFE third site visit tear (15) reported that Saginco
was constructing a 1 ton/ray banana flour pilot plart in “indanao to process
Cavendish bananas that hac been <ulled before export. Th: bananas would be

perled to yield nalf skin and ha.of pulp, and the pulp wou.J be flash-dried to

s

0

N

=

itn original weipnt a: 1 furtier ground to powder.

Mr. Borromeo and br. Ocarpo, Philippines, want to go into production of
banana flour, cither from .avendish or Saba rejects, whiciever is cheaper. They
thought that they could gec= suffi:ient reject Cavencish b..nanas for 60 ton/month
of powder and might get a: much a: 120 ton/month. C(ne kg of powder requires 45
bananas. The Cavendish t..oe is sweeter and has more flav.r when ripe than the
Saba, which is essentially a cook'ng b.nana. While the former would be con-
verted to powder when sligatly ripe, the latter woull be ised when still green.

“he process which they proposed to use consinted ia peeling the bananas
by hand, slicing them, anc spreading them over a tray supported in a hot air
oven and drying. Tne dricl chips would then be ground for banana meal., Two of
their as.ociates lnvented the process nd have taken out 2 Philippine patent.

The product made from whole bananas was rather dark, but a product made
from banana pulp with the :eeds r.moveu before drying was somewhat lighter in
color. The drying is to b« done with :ndirect heat using rice .ulls or possibly

even kerosene t> supply th: heat.
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detected at concentrations as low as 5%. In additicn, th. cost of cocconut

flour might be higher thar wheat .lour. Blue Bar ecrimat- 3 tha: coccnut flour
will cost 3/kp, while whe.: flour sell:. for 2/kg.

The addition of Bar:o to waeat - lour could reise s!rong opposition. "he
Government has imporred wheat at ©1l4/ton and sold it to ‘ne millers for $2u(/ton,
who in turn make a sood profit ir milling it. It it very loubtful it Banco
would be adopied unless tiore is -« Gov rnment ruling that it must be incorporated
into wheat flour. Dr. de. Rosario tol: the third size vi: it team that several
years ago a law was passe. to require the wheat miliers t add 10% cassava starch
to wneat flour. The law w.as poorly written and the mille;s could not be forced
to comply. If Banco is arded there i: likely to b¢ resistance. Another pos-
sibility is to add rice flour to wheat flour, as the protrin content of rice
flour is 8 to 3%. Th: col' » is beiter than wheat flour, ard it would not have
a pronounced taste. The rice crep in the Philippines is arge enough that rice
flour couid e available.

Dr. Solon of the P. ilippires National Nutrition Council, while interested
in the above discussed pre¢ lucts cautioned that thelr accentability would be a
problem, in that taste wa: very .mportint. He notec that not only was the
Philippine diet low in ca ories jid protein, but it was also deficient in oil.

An interesting fact is th. t oil ;roduc:d in Mindanao is refined in Luzon and

tnen shipped back tc Mind nao.

IT1. Other Uses of Banana Wastes
Puree, banana chips, and banana catsup are made from bananas in the
Philippines and elsewherc. However the market for these products is
limited and does not utiiize sufficient quantities of the excess bananas.
For example at Bocas del Toro in Panama approximately 40% of the rejected

fruit is taken to a puree plant. However, even with the use of only a

fraction of the waste bananas, it is possible to meet the current puree
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market (3). The starch from green bananas is used in making glue and as a

binder with banana fibers to make rope. Again, these uses are limited.

IV. Fermentation of Reject Bananas

Because of the relatively high saccharide content, bananas can be
fermented to produce vinegar, alcohol, alcoholic beverages and single cell
protein. In work beirg done in Nigeria on production of alcoholic beverages
from bananas (8), "the total reducing suars in banana was found to be 11.2%.
Tk banana pulp contains starch of about 60-66%. In both skin and pulp, an
a;.preciable increase in the amount of total sugars during ripening was
noted. The starch content of the peel and pulp fell considerably during
ripening." I

In the Nigerian study (8), "Brewer's Yeast (§agghgrqmyges_g]]ipsodens)
was successfully used to ferment bananas to produce alcoholic beverages. Com-
parisons were made by fermenting with other types of yeasts such as baker's
yeasts and palm wine yeasts. Analysis of the alcohol showed the product to
be suitable for human consumption. Work is in progress to produce the
alcohol on a large scale using the 'FIIRQ' Still, a «~imple distillation
apparatus designed by the Institute of Industrial Rew.earch."

In the Philippines, the National Cottage Industries is encouraging the
production of vinegar from banana pulp (7). With regards to making wine, in
addition to the questionable nutritional value, there would probably be
marketing difficulties since the Filipinos are not generally wine drinkers.

In a Philippine Natio.al Science Developreent *oard prject, banana meat and peel
was fermented with addei phosshate to obta n sin:le cel. protein or alcohol (5).
Both ripe and unripe lavendish bananas w.re u::d for .he studies on banana fer-

mentation.  The wholr banaris were cut w. in “ne picen and mized in a bhlender

WIith hot waler dn o0 1 b im i 1 10 Toweseer oiiber ce 0 0 o0
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mixture was filtered anc¢ cxress water discarded. Tie remainder was a semi-

solid slurry which was inoculated with Aspergillus fusarium, or veast, and

stirred sufficiently to induce a vortex. This required 1u rpm at the beginning
of the fermentation but higher rates later as the mixture became mushy and then
free-flowing. Wacer extracts and hydrolysates were also fermented. The yeasts
have no amyolytric activity, aand therefore was less effective on unhydrolyzed
unripe bananas. Though the protein contents of the yeasts were higher than
those of the filamentous fungi, the latter were more easily handled and re-
covered. The resulting yeast from the production of SCP was 48-52% protein on
a dry basis, but it did not appear feasible to make either product. The pro-
ject has been suspended since Prcf. Paca left NSDB and Prof. Ernesto J. del
Rosario of UP Los Banos, who was also involved, went on sabbatical to Australia.
The Malaysian Agricultural Research and Development Institute is also doing
laboratory studies on fermentation of bananas to produce wine and vinegar (16).

In some parts of Africa bananas are being fermented into "banana beer"
(3). In this process the mashed bananas are slurried and fermented in a batch
culture. This simple fermentation only takes 12 hours. The liquid is drunk
along with the yeast used fér fermentation and has significant nutritional value.
The problem with this product is that it must be chilled or consumed in a short
time. The ease with which this crude, anaerobic fermentation is carried out
suggests that ananaerobic, low pH fermentation of bananas by simple yeast strains
could be practical for the production of an SCP of acceptable nutritional quality
for animal feed ., Cooney and Dunlap proposed a process for doing this (3).

In this process whole bananas would be charged to a macerating mixer where
skin and pulp (and possibly stalk) is chopped and mashed. This puree would be
diluted with water (or recycled liquid) containing necessary inorganic nutrienté.

The resulting slurry would be inuculated with 7east and the fermentation would run
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as a batch culture. To minimize contamination the fermentation would be run

at low pH (4-4.5), and growth rate and pH would be controlled by addition of
anhydrous ammonia or urea.

The SCP could be concentrated by filtration possibly followed by partial
drying, after which point it could be used for animal feed. A suitable ration
using the SCP would be

10% SCP

20% molasses

3% nutrient salts

57% fiber

In 1972, a group in Costa Rica (6) had planned to run pilot studies
on production of single cell protein from bananas to develop a high protein
human and animal feed. In response to a request for information, the League
for International Food Education (17) made the following suggestions: "A
nitrogen source in the form of urea or ammonium salt would need to pe
supplied in order for the yeast to make prctein. Most likely other yeast
nutrients, such as phosphate, would also need to be supplied. The fermented
mash would probably have to be dried in order to have any reasonable keeping
quality unless a livestock project could be set up close to the fermentation
installation keeping pace with the output. Even then, the mash would probably
need to be concentrated in order not to have an excessively wet feed."
Centro Internacional de Agricultura Tropical (CIAT) in Cali,

Columbia is studying solid state fermentation of cassava to produce single
cell protein. The second site visit team for the AIChE AID/LIFE project has
recommended USAID invo19ement in the development and implementation of a

process to reclaim nutritional value from waste bananas using the CIAT

tarhnalnav (1)
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V. Peelings

Mr. Santos of Saginco in the Philippines would like to ferment the waste
banana peel with the coconut water to obtain single cell protein. The peels
when green have most of the carbohydrate in the form of starch; this is con-
verted sugars as the peels ripen. According to a 1950 Interscience book by von

Loesch, the composition of the ripe peel is the following:

H20 88.2% On a dry basis:

Reducing sugar 5.44% Ca0 0.16-0.18%
Sucrose 1.056 P 0.347-0.377
Protein 0.08 Fe -
Starch 0.84 Na20 0.291-0.395
Pectin 1.14 K 6.63-7.73
Fat 0.53

Fiber 1.28

Ash 1.33

Dr. Engel, the USAID nutrition officer in the Philippines had strong
doubts about any program to make single cell protein from banana peels, as
after fermentation there would probably be a very viscous mixture difficult
to process further. Both in this meeting with the third visit team (15), and
in a following letter Dr. Engel pointed out that the peels are high in tannin,
which might suppress appetite, and quite bitter. He suggested conducting feed
with both ruminants and non-ruminants hefore pilot plant operations were con-
sidered.

VI. Pilot Project Possibilities

As indicated earlier, there are large quantities of waste bananas in


http:6.63-7.73
http:0.16-0.18

14,

most of the banana producing countries. This waste has a significant
environmental impact which is of concern in the Philippines. The loss of
nutritional value represented by the wasted bananas is also of considerable
concern (18). Current uses of the bananas rejected for export (puree,
ketchup, flour, swine feed) use up but little of the available supply.

Production of single cell protein by fermentation of the wasted
bananas for animal feed purposes appears to be a viable possibility, and a
pilot study is recommended. Much research on single cell protein produc-
tion has been done, some using bananas as a substrate. On the pilot scale,
Dr. Worgan of Weybridge, England (19) is negotiating to start a pilot study
in Columbia. Factors which support the recommendation for a SCP from
bananas pilot study are

- Environmental impact of waste bananas

* Need for the SCP thus produced in the banana growing countries as

animal feed
- Bananas are produced year round and waste generatio;'is constant
- There is no collection problem since central gathering of waste
bananas is already practised

* Quantity of the waste is sufficient to supply full size SCP plants.

Of the countries visited for the AIChE AID/LIFE project, Ecuador
and the Philippines appear to be suitable locations for a pilot study on
utilization of waste bananas. A proposal for such a study in Ecuador is
described in the next section. Some features pertinent to the Philippines
will now be given.
| There is environmental concern in the Philippines over the waste
bananas (7). In Mindanao, the area where the banana plantations are located,

there is a large cattle and pig industry which could use feed containing
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single cell pirotein made from wusted bapanas. San Miguel Corporation, one
of the largest producers of animal feed in the Philippines, believes that a
pilot study on SCP from bananas "would be of value to the Philippines if
successfully completed. The country needs locally produced, Tow-priced,
high-protein feed ingredients to replace the imported soybean 011 meal,

fish meal and meat meal now being used. Importations in 1975 amounted to
40,615 MT of soybean oil meal ($0.204/kg, CIF; total value of $8.27 million)
and 55,388 MT of meat meal ($0.214/kg; $11.89 million)" (20).

According to William McCluskey (21), the Agricultural Research Adviser
for USAID, "a yeast such as torulopsis utilus (Torula Yeast) would fit into
the overall feed scheme, primarily as a supplement, as it does in the U.S.
unless a lower cost product could be achieved. However, the Tibera! feeding
of ruminants is rarely practiced in the Philippines and a large percentage
of the swine are not fed on complete mixed feeds. Hence, the introduction
of a new ingredient would likely be faced with more resistance than in the
U.S. but there are relatively sophisticated mills that would Tikely utilize
yeast at higher levels if priced attractively. The local poultry feeds are
based on imported soybean meal and fishmeal for protein supplementation so
an attractively priced protein alternative should be acceptable."

Correspondence with Del Monte in the Philippines (10) further indi-
cates the potential for SCP from bananas in the Philippines. "Right now,
very little is done in the Philippines with green banana waste. Only very
few feedlots in close vicinity to banana plantations are using now and then
small portion of banana waste. The usefulness, therefore, is difficult to
assess. By talking to our veterinarians, responsible for our large feedlot
operation, they were expressing some interest in SCP for cattle feed but

would see more profound use for it in hog and poultry operations. To a certain
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extent, presently used soybean meal and urea may be replaceable by SCP but
needs. though, experimentation and confirmation. To my knowlei'ne the only
SCP source now in the country is yeast but in Timited supply from the only
brewery in the country, San Miguel Corp. with locations only in Manila and
Cebu. There are no limitations in the country which might restrict the

use of banana based SCP or other banana based products for feed. As Tong as
good performance of SCP is proven to livestock operations, there should
certainly be no problem of acceptability."

Competent technical people for a pilot study are available in the
Philippines. For example Dr. [el Rosario of U.P., Los Banos (22) is currently
doing laboratory studies on banana wastes and others are studying produc-
tion of single cell protein (23). Castle and Cooke (9) is willing to supply
bananas for a pilot study and San Miguel is willing to assist in the

evaluation of the SCP as feed ingredients through their feed plant.
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Philippines at Los Banos College, Laguna.

Dr. Quintin Kintanar, Biological Research Center, National Institute
of Science and Technology, Herran Street, Manila.

Additional Resources

Centro Internacional de Agricultura Tropical (CIAT), Cali, Columbis,
S.A. (SCP - cassava fermentation)

Dr. Charles L. Cooney, Dept. of Nutrition & Food Science, Mass. Instit.
of Technology’ Cambridge, MA 02139.

Mr. Paul Dominguez, Banana Export Industries Foundn., Davao Light &
Power Co., Poinciana Reyes, Davao City, Philippines.

Dr. Charles Dunlap, Dept. of Chemical Engineering, University of
Missouri, Columbia, MO, USA.

Guayaquil, Ecuador, S.A., Escuela Superior Politechnica del Litoral
(ESPOL). (Fermentation of waste bananas)

Dr. Hugh Freebain, Biology Department, University of Houston, Houston,
TX 77004,

ITIPAT (Institute for Tropical Prods. Develop.), B.P. 8881, Abidjan,
Ivory Coast. (Alcohol from bananas)

E. R. Mendoza, Department of Agricultural Engineering, Univ. of tie
Philippines at Los Banos, College of Agri.ulture, College, Laguna,
Philippines.



19,
Appendix

Recommended Pr

Banana Fermentation - Ecuador

A. Description of Situation and Residue of Interest
1. Quantity

Ecuador is the world's largest producer of bananas. Total production of

fresh fruit in the country has been about 2.1 x 106

for the pasf twelve years. About 1.3 x]O6 T.M. are exported per year and 200,000

T.M. (metric toné) annually

- 300,000 T.M./yr. are consumed within the country leaving about 300,000 - 600,000
T.M./yr. as waste,

In 1975, the total production of bananas was 2.1 x 106

metric tons, including
both Cavendish and Gros Michel. The total land area was 87,000 hectares giving an
average yield of 16 ton/acre. A sutmary of annual production data are presented in
the following table. The general trend over the 1as§'ten years is to decrease the
tq;a] acerage planted, however, the total production has continued to increase.
This is a consequence of replacing the Gros Michel with the Cavendish variety of
banana. In general the Cavendish will yield annually 32 metric ton/hect. whereas
the Gros Michel only yields 10 metric ton/hect.

Unlike some major banana producing countries, the production in Ecuador is
carried out by a large number of small producers. The average plantation size is
37 hectares; 74% of all banana production comes from plantations of less than 100

hectares. Only 5.3% of the production comes from plantations bigger than 500 hec-

- tares.



Banana Production in Ecuador Listed by Region for 1975

. Zone Area Planted (Hectares) Total No. of
Gros-Michel Cavendish Producers
North 7,190 280 7,420 216
Central 26,410 4,100 30,510 651
Sub Central 330 4,820 5,150 72
Oriental 17,900 17,900 352
South 25,200 . 25,200 1,041
Occidental 860 860 30
TOTALS 33,930 53,160 87,090 2,362

Source: Report on 1975 Banana Production, from Ministry of Agriculture,

Ecuador.
Banana production and exportation statistics for Ecuador for the past
20 years have been compiled by the Ecuadorean Ministry of Agriculture and

are shown in the following cable,
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Production and Exportation of Gros Michel and

Cavendish Bananas in Ecuador

21,

AfOS HECTADRER2S EXPORTLCIO!I POR afto
GROS MICLEL CAVENDISH TOTAL TON. MIT. CMAIAS CAJITAS RACI':OS
1957 610 . 610 858.512 - - 26'412.200
1958 34.141 wcr 34.141 927.880 -— e==  28'952,721
1959 53,188 - 53.188  1'132.311% - - 34'771.456
1960 79.353 ——— 79.353 1'177.602 29,096 =~-  35'889,499
1961 101.879 101.87¢  1'075,577 135.903 ===  32'906.610
1962 91.456 - 91,456  1'128.366  €36.124 ===  34'375,960
1963 98.000 - 98.000 1'349.104 7'654,168 ===  38'391,263
1964 128.291 ——— 128.291  1'382.658 20'811.658 1'317.993 26'673.648
- 1965 144.088 —— 144,083  1'105.656 29'955.188 37'534.691 5'456.541
1966 163.772 — 163,772 1'264.301 27'204.406 55'626.95% 2°'313,585
19€7 146.233 13,995 160.228  1'262.791 26'198,495 5C'71€.302 1'403.847
1568 131.896 24,978 156.876  1.251.282 23'211.169 €5'604.165  747.245
1569 108.230 39,2490 147,520  1'189.625 22'516.585 63'035.614  275.630
1970 74.045 50.2C0 124,245  1'364.070 25'167.783 70'490.717  147.560
1971 59,665 54.921 114.586 1%350.441 34'148.114 56'350.620 105.062
1972 47.067 53,927 100.994  1'377.383 -33'849.17C 58'447.890  24.433
1973 42.399 50,107 92.506  1'369.873 4£0'610.006 46'175.652 15,414
1974 35.545,5 54.©55,5  90.501  1'357.135 55'€44.578 23°'305.5G€ 1.901
1975 33.464,5 53.938,5  B87.403 1'362.352 45'006.096 34°'015.924 2.730
1976 23.432 62.472,5  85.904,5 | '
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The plantation that we visited in Machala was typical %or Ecuador.
It was 49 hectares with an average of 1000 tfees/acre. There is
generally a packing station for every 10,000 trees in an operation of this
size. Most of the wastage in banana pfoduction is sorted out at the station
and typically represents 10-30% of the total.

The total world production of bananas is estimated to be about 28 x 106
ton with only 20% commercialized. Thus, Ecuador's production is a substantial

portion of the total.

" Costs of Banana Production

The detailed cost for production of Cavendish banana in 1975 in the
South zone are presented below:

Item Cost-{sucres/hect.) % of total

Seeding 350 2
Culturing 12,200 56
Indirect Cost 9,400 42
Total 21,950 Y00

Thus the net production cost is 22 x 103 s/hect, If there are 30 ton/
hect., then the cost is 733 s/ton or 0.7s/Kg (at 3.7¢/s this is 2.6¢/Kg

or 1.2¢/1b). Thus banana without a stalk will sell for 500-1000 s/ton
depending on the market. In early 1975 the price was 800 s/ton at the
dock. Waste bananas will sell for as little as 20-30 s/ton for small

lots at the packing station or 250-300 s/ton in larger quantities delivered
at a site within 50 Km distance. Much disagreement exists on the cost of
transportation by truck, but about 2-2.5¢/ton/ km seems reasonable for good

rdads with 6-ton trucks. -
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Composition of Ranana

The banana tree is characterized by four parts and their typical weight

fractions are:

Component % of Total Weight
Fruit - 17
Leaves ' 5
Stem 75
Fruit Stalk ' 3

Cufrent]y in banana harvesting only the fruit and stalk leave the fieid, the
bulk of the tree is cut and left to rot in the field.

The composition of the fruit is as shown below. It is important to note
that 82% of the dry matter is fermentable carbohydrate, In green bananas this
is mainly starch whereas in ripe bananas the stirch has been hydrolyzed. The

protein content (Nx6.25) is about 4% of the dry weight.

COMPOSICION APROXIMADA DE UN BANANO MADURO

Valor en calorias: 88 por 100 grms. de pulpa.

e Envoltura natural a prueba de bacterias
HUMEAAD ctuurrscveeeersscrssensssesmsarssssesnsssssnsssssssascenn 4o B OF

Dextrosa....cuuune ceen . 8 0/0

Azacares
e L VU050 usnreereeesrennnas 3.7 0/0
totales.cernnen.. 21,2 o/
= SUCIOS50.cceraererere w12, 7 0/0
o AIMIU 0N ccresn i snnsnesisarassesns tererssrrosseesaresnees 1.20/0
e Fira Crudd...vuiiicverersnesssnersessnsneasesessessenses eeseree 6"
T Prote ina (NX6.25) . umeeeunerirvensensecennns cerieeterenens .
QGrasa .................................................................. 2"
Cenizas eenessssseresanns .8
. . 100. 0 o/o
" VITAMINAS { Por 100 grms. ) MINERALES (Migrms. por 100 grms.)
A ecriininnnienssiesaisseissesssnsnesansssnnes A30 V.1, Sodi0....cseeereresssssesonsese .006-415. Hierro............. .6
Tiamina (Bl)........ooveeererseerseraerens D4 Mg, POa3i0ucreeerreesearseseans J00-450 Fosforo.......... 28,0
Riboflavina (B2 0 G).....coveurreneens .05 o 1+11. TR terseasansenns 8.0 , Azifre........... 13.0
Niacina (5cido nicotinico)....... .7 Magnesio...emeenenne 31, 0°4 2.0 ' Cloro....... - 784125
Acido Ascorbico (Ch.urinrnenrene 10 Manganeso,: .04-.32 ' Yodo.weriereromn . .02

Piridoxing (B6).....wcssrerssssersens 52 . Cobre 6% 21 2inCussrrns  +28
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2. Availability

Banana wastes are currently generated at packing stations whére
the bananas are removed from the sta{k. washed; treated and packed for
shipment. Presently this waste is trucked aQ;y from thé p1$ntation§ and
allowed to rot or is burned in large dumping areas. The total waste ton-
A nage varies according to the world market demand for bananas and can be as
low as 5-10% or as high as 30-50% of the current banana production. The
waste green bananas are most]y.water (74.8%) and starch (=25%). Upon
ripening, the starch is converted into sugars and the composition becomes
~glucose 4.8%, fructose 3.7% and sucrose 12.7%. At an average level of 20%
waste of the total export there is approximately 0.27 million metric tons
of waste/year amounting ta 68 thousand metric tons of fermentable carbohy-
drate per year. At full value of the banana (5¢/kg) this carbohydrate
would cost 20¢/kg (=9C/1bm). As a waste, its value to any process is ques-
tionab]e but it is likely that an established process to utilize these bana-
nas would create a price of around 1-2¢/kg. This would help insure year

round availability of the substrate. At this price the carbohydrate cost

would be around 4-8¢/kg (1-3¢/1bm).

3. Geography of Region
Bananas are grown in Ecaudor in the flat Towlands of the western sea
coast known as the "Litoral". The plantations are genera]iy within easy
reach of the major natural harbors on the Pécific Coast, therefore, pro-

duct could be moved over existing transportation systems.
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B, Existing Applicable Technology

Bananas are attractive as a raw material for SCP because of their high
content of fermentable carbohydrates. In the green banana, starch is the
primary form of cafﬁohydrate whereas in the ripe banana much of.ihe starch
is hydrolyzed to low molecular weight sugar. As a consequence the fermenta-
tion téchno]ogy for the utilization of green and ripe bananas is different.
We have outlined below four fermentation processes which are suitable for

starch and/or sugar based processes.

Possible Single-Cell Protein Processes

During the past decade and a half, a wide variety of SCP processes have
been developed. Because of the variability of raw material supply and dif-
fering product needs, there is no one SCP procegs that is suitable for all
situations. Four possible processes for use with bananas are presented here.

Symba Process

The Symba process was developed and is currently in use in Sweden by
the Swedish Sugar Company to produce SCP from starch waste. There are two
microorganisms that exist symbiotically in a continuous fermentor. These

are on Endomycopsis species which is able to hydrolyze starch and Candida

utilis which can use the starch hydrolysis products. This process is de-
signed for starch based raw materials and would be expected to work quite
well with green banana starch. Although both organisms exist in- the
fermentor simultaneously, 90% of the total mass is C. utilis which is an
acceptable food yeast. A description of the pr&cess is provided by the
attached figure that is taken from a booklet prepared by Chemap AG,

Mannedorf, Switzerland.
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Pekilo Process

The Pekilo process for SCP production was developed in Finland. It
Qas designed to be used.with sulfite waste liquor from the paper industry.
The United Paper Mills, Ltd., in Finland have built a commercial plant arounc
this process. |

The organism is a microfungi Pekilomyces species and grows in a
mycelium form, The substrate, sulfite waste, is made up of mixtures of
sugars. It is not clear whether the process could be used with starch ma -
terial or if it would be necessary to first hydrolyze the starch.

A schematic flow sheet of the process is presented below. This

figure is taken from the paper by Romantschuk in Single-Cell Protein IT by

Tannenbaum and Wang. The SCP product has been Egsted by use in animal feeds.
If the process could be adopted to the use of banana starch or starch hydro-
lyzates, it might be suitable for the banana project. The major disadvantagce
of this type of process, however, is that it is technology intensive and

requires skilled labor for operation and maintenance.

Yeast Production from Molasses

One of the oldest industrial fermentation processes is the production
of yeast from molasses. It is relevant to briefly describe this process
- here since an analogous approch could be tried with banana starch (if the

organism has amylase activity) or starch hyrolyzates.

The most widely utilized organism in this process is Saccharomyces

cerevesiae which is ordinary Baker's yeast. However, Saccharomyces Fragilis

and Candida utilis have also been used. A1l three of these organisms are

acceptable as food yeast. The temperature for growth varies from 25-35C;
the pH optimum is in the region of 5. 1In all cases the crude protein con-

;ent {s about 50% of the dry cell mass.
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Symba Proccss - example ‘Felix

Plant, Swedcn

Substrate
concentration
BOD, Entry

BOD; Exit
Purification effect
Liquid dilution
rate

Cell production
Protein content of

D.S.
Yie!d of D.S.

Microorganisms

nt 300 m?
produces

250

?Olaloptoduchcn
Endomycopsis Fcrmenmr

Process water

3% D.S. (starch)

20000 my/I
2500mg/l

85-90%

0,1 (approx.

10 hours residence

time)

1,05 kg/m?/h D.S.

47%

40-E0% cf the
entry (according
to substrate)
Candida-Ycast

* + Endomycopsis

fibuliger
Approx. 300~
400 kg Yeast
D.S./h

Symbiosis Fermenter

,/1/ /]\f\\

r-_‘d. .

The feed value of Symba Yeast has been
evaluated in vast feeding experiments
on different types of animals. At the
Swedish University of Agriculture, pigs,
chicken and calves have becn fed for
long periods of time on feed with a
substantial part of the protein made up
of Symba Yeast protein,

In rat-feeding experiment with Symba
Yeast +0.1% Methionine, the NER-value
was comparable to that of Casein. The
chicken were fed Symba Yeast in fced
mixtures, with 20% protein, of which
one third come from Symba. Ycast. The
chicken grew e«ccliently and swcrc in
normal health. No adverse effects were
recorded.

In the feeding expecriments with newly
born calves (and those up to 10 weseks
old), the Symba Yecast replaced dried
skimmed milk in the feed up to 40%.
The calves adopted the feed very well
and showed better than normal growth.

Storage

Description of Process and Cyuip-
maont

Step 1

The waste water from the potato clant
containing the starch or in tha c2s2 of
Manioc, the starch slurries, are ‘ed
through a heat exchanger zna a:=
brought up to sterilizing temperati-z Ly
means of steam injaction. Tha thus sier-
lized substrate is cooled cown in zanciher
heat exchanger and the heat re-utlize3
far pre-heating the nayt fallnivinn flow
of unsterilized substrate.

Step 2

Sterilized substrate is fed intc tyo fer-
menters: one smaller unit to receive (=
endomycopsis Inoculum and ifie largs=-
one to receive tha converice sizrch
solution from the first fermenter. nlestra
Inoculum of the Candida uiis. ire
inocula for both fermenters are jri:varea
In a prior pilot plant-sized msh.i.:a'cm
in the classical manner,

The f{ermentation now proc=:es an 3
continuous basis with the enctinycsns.s
culture being fed continuously 1713 he
larger Candida fermenter.

Step 3

The harvest stream from the iarg2 fer-
menter s passed througn vibraszrenning
and hydrocycloning equipme 't ard s
subsequently put through eantrituges on
soveral types of dryers, each ore 1d ce
selected accorcling to the k=t mvo.a
and the type of end produci desireu,
Spray dnicrs, 1oller diers and ball éhiess
have all been operatid on this picless
on a large scali: and all e foute o

be acceptable. The dricd malcrial s sut:-
sequently. sifted and baged or elte
stored in bulk,
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The major source of sugar in fermentations of this type is cane and/or
beet molasses. In the case of banana, it would be possible to hydrolyze the
starch with amylase to give a syrup which would be easily utilized. The
concentrations of other nutrients required for the growth of yeast is de-

pendent on the final desired cell concentration and the source of molasses.

The essential unit operations of the yeast process are: medium pre-
paration, sterilization, fermentation and cell recovery. Although such a
process can be run on either a batch or a continuous basis, batch fermenta-
tion is the traditional mode of operation. The yeast suggested for this
process grows quite rapidly and in a cane molasses medium the cell doubling
time is about 2 hrs. A cell yield of 0.5 g cell/g glucose is to be ex-
pected from the organisms. As a consequence the process time is generally
less than 20 hrs.

In the case of banana starch, it would be necessary to first hydrolize
the starch to glucose prior to its addition to the fermentation. The cost
for this step is relatively small.

A major difficulty and drawback with both bacteria and yeast is asso-
ciated with the recovery of the resulting cell mass. Usually centrifuga-
tion is used for recovery, however, this may be costly in the context of
Ecuador. Alternative methods should be explored such as flocculation. The
major advantage of this approach towards the utilization of banana is that
the yeast product is already an acceptable food product.

Production of Single-Cell Protein from Carbohydrates Using Thermophilic

Fungi

A promising process for the production of single-cell protein for

animal feed use has been developed by K. F. Gregory of the University of

Guelph (Canada). The process vas developed to utilize cassava as a sub-
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strate and to be capable of operation under nonsterile operating conditions.

A thermophilic fungi, Asperqgillus fumigatus, was the organism of choice.

Pilot plant studies using this process are being carried out at the Inter-
national Center for Tropical Agriculture (CIAT) in Cali, Colombia.
Screening tests by Gregory resulted in the selection of a thermo-

~ tolerant moid that was identified as Aspergillus fumigatus. Mutation of

this species yielded an asporogenous form named I-21A. The strain grew
well on gelatinized starch at temperatures between 45° - 50°C and at a
pH of 3.5. Mean cell mass doubling time under these conditions was 3.5

hours. The crude protein content of this organism was about 37%.
Ground cassava was the substrate used by Gregory. It is presumed

that any source of starch_should be suitable as a substrate including
green or ripe plantains and bananas. It was reported that the starch
needed to be gelatinized by heating in water to 70°C to achieve total
utilization by the cells. Cell yields per unit of starch metabolized in

the aerobic culture were consistantly between 45% and 50%.

Basal salts media used for production of mycelia included KH2P04,
MgSO4.7H20, KC1, CaCl,, FeSO4, ZnSOa. and used urea as the source of
nitrogen. Fermenters were innoculated with 10% by vol. of actively
growing seed cultures of the organism. Mo pH control was necessary
if urea was used as the nitrogen source. Fermenters were steam sterilized
between batches but actual fermentation runs were made under nonaseptic

conditions.

C. Product
We recommend that the product of the proposed process be a dry, high-
protein (35%-40% protein) meal of animal feed-qrade quality. The primary

market would be the poultrv feed inductrv.
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Although prices are controlled for poultry and poultry products along
with the other foods, there exists a much better product-price/feed-cost
ratio for poultry products. This is primarily due to the higher feed
efficiency ratio given by poultry (1bs. gain/1b. feed'consumed). This
would appear to be the best industry to accommodate a new high;protein
feed sﬁpplement.

The production and sale of -balanced animal rations and feed ingredients
{s a healthy and growing industry in Eéuador. The majbrity of the in-
dustry's production goes to poultry rations of various types, but rations
for other animals are compounded énd available although sold in relatively
small volume. Most feed ingredients are of domestic origin with ample
fish meal availability and a developing soybean production. Corn and
other coarse grains are grown locally and are in a sufficient supply to
satisfy the current demand level without imports.

Public agencies of the Federal government ha'e expressed the feeling
that a much higher level of animal feeding (using prepared rations) is
desirable. Reports used for the justification of a proposed new feed
plant stated that current animal feeds were used in only 3% of the total
potential market. No basic data and very little explanation was given in
~ the report to support this numher so it must be suspect. However, one
can probably safely conclude that the indu;try has good potential for
growth. | |
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Feed Ingredients
A listing of the major ingredients used in the.formu1ation of animal
feeds in the country is given in the table below. Also listed are the pro-
tein content (where applicable) and the cost based on 1975-76 quotes from
several sources within the country.
COST OF BASIC FEED
RATION COMPONENTS - ECUADOR, 1975-76

MATERIAL . _ PROTEIN CONTENT COST (U.S. $/ton;
{Source: Champion S.A. Alimentos Balanceados)
Soy Meal 40% 200 (probably imported)
Cottonseed HMeal 42-43% 120
Fish Meal 66% . 200-210
Rice Polishings - 60 - 100
Dried brewers grains

complete - ’ 80

1ight grains - 100
Molasses 20
(Source: Olyasa S.A., 011 Mi1l)
Cottonseed Meal 45% 130
Soy Meal 42% 108 (domestic)
(Source: Vitarina Feeds, CENDES Report)
Fish Meal 66% 193
Bone Meal 25% 141
Cottonseed Meal 45% 163
Alfalfa Meal 14% 133
Alfrechillo de trigo 9% 81
Palmiste - 44
Palma real 10% _ 44
Conchilla gruesa - ' 22

Conchilla fina
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Energy Sources

Coarse grains supply the major part of the carbohydrates in all ration
and corn is by far the ﬁredominant grain. Corn (or maize) is produced in
the country in amounts sufficient to meet current demands. The price of
corn is controlled by the government but supply and démand chaﬁges
evidedt]y cause the price to fluctuate quite widely. Current corn price
is about 160-180 S/100 1bs. (about 118-133 U.S. S$/ton).

Another energy source that is used to some extent in rations is
Banharina, a dried meal made from green bananas. About 9000 tons/yr.
of this product is available from one plant near Quevado. The meal con-
tains about 4% protein and 82% carbohydrate (mostly starch) and sells
at the present time for 125 $/45 kilos (92 U.S. S/ton) although the
official price limit is 186 $/ton.

Other materials such as urban food wastes, cooked bananas, banana
drier's vaste, etc. are used in swine feeding but values are difficult to
determine and these products are not used in balanced ration formulation.

It should be noted that molasses (at 50% carbohydrate) is avail-
able in the country at 20 U.S. $/ton. It is used to some extent as a
binder and flavoring agent in some feeds, but is evidently not used in
" cattle feeding as an energy source to any significant degree. Competition
for the use of molasses exists with the rum and industrial afcoho] industry.
There is a planned expansion of irdustrial alcohol in Ecuador such that

molasses availability may decrease.

Protein Concentrates
In comparison to most other countries located in the humid tropics

Ecuador has a wide variety and good availability of quality, feed-grade



protein concentrates. This is no doubt due to the mandatory availability
of domestic fish meal and the existence of considerable farm lands in the
cooler Sierra region.

Fish meal is a major source of feed protein and is produced domesti-
cally from several meal and oil plants located on the Pacific seacoast.
The government requires the industry to sell 20% of its production volume
on the domestic market. The result is the availability of fish meal on
the domestic market at an astonishingly low cost of 190-210 U.S. $/ton.
Using a protein content of 66% this material supplies protein at a cost
of 14.4 - 15.9 U.S. ¢/1b. protein. Value of fish meal on the world
market is about 100 $/ton U.S. higher than its price on the domestic
market.

Feed millers are able to obtain as much fish meal as they can use.
However, a defacto limitation is placed on the demand for the material
because of the predominance of poultry feeds and the fact that only a
specific percentage of fish meal (less than total protein requirements)
can be incbrporated into the feed to prevent "fishy" tastes in meat and
eggs.

0i1 meals, such as cottonseed meal and soybean meal are produced
in seven 0il mills in the country. Cottonseed meal containing 43%
protein is available in good quantity at 120 - 160 U.S. $/ton. (a
protein cost of 13.9 - 18.6 ¢/1b. protein). Soybean meai is available
in quite limited supply at a cost that is about the same as cottonseed
meal. Plantings ¢f soybeans are increasing and the government is very
interested in the success of the fndustry so volume should increase.

' Bone meal and alfalfa meal are available domestically in limited

supply. Bone meal at 25% protein and a price of 141 y.S. $/ton supplies
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protein at a cost of 28¢/1b. protein. -Alfalfa mcal sells for 133 U.S. §/
ton and with 14% protein supplies protein at a cost. of 47¢/1b.

To compete success%u11y in the domestic feed protein market it is
expected that an SCP of suitable digestibility and quality would need to
supply protein at a cost of 15 - 18¢/1b. protein. Assuming a brotein con-
tent o% 50% this would indicate a selling price for the wiole cells of
from 8 - 9¢/1b.

There has been some feeding of Baker's yeast to laying hens in the
country with very good results. However, the cost of this yeast is very
high and its use in feeds is not conventional. There is also limited
use of Brewer's yeast for feeding. This doés show that, in fact, the
introduction of an SCP product into the feed-prgtein market may not be

too difficult if prices are competitive.

Animal Feeds

A comprehensive listing of animal rations available in the country
alqng with their costs was prepared by CENDES (a government information
service) in Oct. 1975. This information is presented as completely as
deemed necessary in the following table. The information is largely self-
~explanatory and translations have usually been provided where needed.

The most important parts of this table are the quotations for poultry
feed. These quotes show that most chicken'féed sells for 140 - 180 U.S. §/
ton. It is expected that variation of ﬁrice within this range is due to

level and type of protein supplied.



COSTS OF ANIMAL " TIONS - ECUADOR, OCT. 1975
(Source: CENDES Report to ESPOL)

Company Product Cost {Sucres) Cost (U.S, $/ton)
Productos "Vitarina" harina de pescado (fish meaI; 260 S/100 1bs. 193
harina de hueso (bone meal 190 141
Pasta de algodon (cottonseed meal) 220 163
alfarina (alfalfa meal) 180 133
alfrechillo de trigo (wheat bran) - 10 81
palmiste 60 44
palma real . 60 . 44
enchilla gruesa 30 22
conchilla tfina 35- 26

Ecuador Farms S.A.
(Alimentos balanceados para aves)

polli feed ﬁchick feed) 201 S/40 kilos 69
polla No. 1 chicken feed No. 1; 183 54
polla No. 2 (chicken feed No. 2 181 ‘ 52
pone feed 184 59
broiler No. 1 230 93
broiler No. 2 227 91

Yigor .

(para aves) inicial pollitas (chick starterg 96.55 S/20 kilos 162
crecimiento pollonas (growth ration 89.55 150
desarollo pollonas- (development ration) 87.55 . 147
ponedoras juala 92.05 155
pondedoras piso 88.55 149
inicial engorde (fattening rationg 113.55 ' 191
acabado engorde (finishing ration 112.05 188

09£



Company

Product

A.B.A. - S.A.
(para anes)

Alimentos Ba1ancea&os

(para ganado)

pre-inicial broilers
inicial broilers
finalazador broilers
inicial pollitas
crecimiento pollitas
desarollo polionas
pastura piso

postura jaula

(for cattle)

ternera 18% (calf feed - 18% protein)

ternera 16%
ternera medicada
vacona (basic ration)

leche 12% (milking ration - 12% protein)

leche 14%

leche 18%

vaca seca {dry cow)
rejo V.M.
reproductar

(para Porcinos y equinos) (for swine and horses)

inicial cerdos medicados
(medicated swine starter

crecedor cerdos
engorde cerdos
cerdos gestacion

cerdos lactancios Medicados

Potrillo (colt)
Caballo (horse)

Cost (Sucres)

Cost (U.S. $/ton)

243 S/100 1bs.
235
230
195
178
173
181
185

76.50 S/50 1bs.
92.50
67.50

66.50
66.50

- 87.50

180
174
170
144
132
128
134
137

167
130
121
130
1337
132
119

*LE



Cempany

Product

Cost (Sucres)

Cost

—

(U.S. ./ton)

Super § - Alimentos Balanceados

(anes, broflers)

(aves, reemplazos)
(anes, medicados)

(anes, concentrados)
(equinos) (horses)

(Porcinos) (swine)

(peces) (fish)

(roedores) (rodents)

(bovinos) (cattle)

pollos iniciador especial
pollas engorde

Seven rations listed, price range

Five rations 1isted, price range

super caballo especial
caballo especial

cerditos iniciador especial
cerdos crecimiento

cerdos engordo

cerdos especial

concentrado cerdo 35% especial

super pez especial

ratocitos especial
conejos
cuyes

terneros iniciador

terneros crecimiento

super leche especiai

super toro especial

ganado especial

concentrado super leche 32% especial

113.50 S/20 kilos

1m

84

95
145

117
112

62
55

57.
57.

77

- 95.50

- 114.50
- 147

.50
.50

.50

.50
50

191
156

141 - 160

160 - 192
244 - 247

118
98

133
138
127
138
269

168

‘RE
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D. Process
1. Flow Plan
A process flow sheet is shown below wnhicn couia serve as a

preliminary design for a process to utilize Aspergillus fumigatus I-21A

to produce SCP from bananas. The flow sheet shows that whole bananas

could be mascerated and mixed with nutrients and water into a medium.

The medium would be pumped to one of a series of fermenters until the

vessel was filled to operating volume. The vessel could then be heated

to 100°C for about 10 minutes to gelatinize the starch and carry out a parti
sterilization or pasturization. The medium could then be cooled to 45°-50°
fnnoculated with a seed culture of the fungi, and operated under aerobic
conditions as a batch culture for about 20 hours. Mycelia and undigested

banana solids could be harvested from the culture by simple filtration on
a rotary vacuum filter. The solid filter cake could be dried in a rotary

kiln and passed through a flaker to produce a meal-like product. Orying
in the kiln would inactivate all cells.

Advantages and Disadvantages

The application of this type of process to waste or excess bananas
has a number of advantages. There are, of course, disadvantages which

will be discussed in the following listing.

Advantages:

1. The use of anamylase-producing fungi such as A. fumigatus
would allow the use of green as well as ripe bananas. A7l
starch could be used if it were geiatinized.

2. The mycelial fungi would be simple and easy to harvest,

and could be separated from the culture liquor by using

A ~lath nr cevann filtar.
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3. The operating pH and temperature would allow the fermenta-
tfon to be carried out using hon-aseptic techniques in

simple fermentation tanks.

Disadvantages:

1. Fungi (including A. Fumigatus) have not been used as animal
feed to the same extent as yeasts. There would be more
risk of consumer rejection and nutritional problems with
an organism of this type than with a standard yeast.

2. Protein content of the fungi is lower than that of most

yeasts and bacteria.

2. Material Balances
Material balance calculations are given belew for a fungal or yeast

fermentation of bananas producing a product containing about 50% crude

protein,



BASIS:

1 ton (2000 1bs.) whole

bananas; 70% pulp, 30% peel

1400 1bs. banana pulp
30% solids, 70% moisture

420 1bs. dry banana pulp

90% fermentable carbohydrates

|

378 1bs. dry, fermentable

(carbon substrate)

yeast or fungi
grown aerobically
in non-aseptic
system, typical
50% cell yield

on substrate

fs expected

189 1bs. cell mass (dry)
contains about 50%
yrotein

34,5 1bs. protein

ration wt.
protein cont

carbohydrate
nitrogen see next
page for
phosphorous souarces,
~ amounts,
. and costs
sul fur

other inorganics

vitamins, growth

factors,

etc.

blended ration
(8% - 17% protein
depending on ‘use)

1181 1bs.
8%

556 1bs.
17%



Inorganic Nutrients

Nitrogen

189 1b. cell mass containing about 10% nitrogen;

18.9 1b. N2 in cells; we will supply 15% excess N2 S03

43-

22,23 1b. N2 will be added per ton of whole, overripe bananas

source N 1bs. needed cost/1b. $/ton bananas ¢/1b. cells
Urea 45 49.4 $0.09 $4.446 2,35
($180/ton)

Ammonium

Sulfate 21.2 104.86 $.060 $6.29 3.33
($120/ton)
Ammoni a

(anhydrous) 77.8 28.57 $0.10 $2.86 1.51
($200/ton)
Phosphorous

189 1b. cell mass containing about 4% phosphorous

7.56 1b. P in cells; we will supply 15% excess, So0;

8.89 1b. P will be added per ton of whole, overripe bananas
source %P 1bs. needed cost/1b, $/ton bananas ¢/1b. cells
Phosphoric
Acid, super 22 40.41 $0.08 $3.23 1.7
(70% H3
PO,)

($%60/ton)

Sodium

Phosphate 18.9 47.04 $0.10 $4.70 2.50
Di ammoni um '

Phosphate

($140/ton) 46 19.33 $0.07 $1.35 0.72

(18%N, 462
P) (would also provide 3.5 1b. N)
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Sulfur .
189 1bs. cell mass containing about 1% sulfur;

1.9 1bs. sulfur in cells; we will supply 15% excess or,

2.22 1b. S will be added per ton of bananas

source %S 1bs. needed cost/1b. $/ton bananas ¢/1b. cells
Magnesium 26.6 8.34 $.061 0.51 0.27
Sulfate

Other Inorganics
. Supplying Na, Ca, Fe, Co, Mn, Zn, and other trace inorganiés to the

media should not cost over
$1.00/ton bananas

or 1.50¢/1b. cells

Vitamins; Growth Factors
Supplying all growth factors to the media may be done for under
$0.75/ton bananas

or 0.39¢/1b. cells

Jotal Media Costs

Cost
Component $/ton bananas ‘¢/1b. cells
Carbon Source (bananas) . 3.00 1.58
-Transportation 1.50
-Handling & Storage 1.50
Nutrients '
Nitrogen (Avg.) 3.75 1.98
Phosphorous (Avg.) 3.50 : 1.82
Sulfur (Avg.) - 0.50° - 0.26
Other. Inorg. 1.00 0.50
Growth Fact. 0.75 0.39
Nater 0.25 0.13

Total Media Costs 12,75 ({1



Estimated Process Costs

Substrate & Media

Media Preparation
Aeration (Air Compression)
Filtration

Dewatering & Feed Ration
Manufacture

_ Process Costs
(Estimated)

4s,

. $/ton bananas ¢/1b. cells
12,75 6.66
0.50 0.26-
1.50 0.78
1.50 0.78
1.00 0.52
$12.25 9.0¢

If an 8% protein feed is made and we can assume that other ration components

may be obtained at $2.00/ton; the ration cost would be:

320 1b, cells @ 9¢ 1b.

1680 1b. other @

or
If 12% protein feed
or

If 18% protein feed

28.80
2.00
$30.80/ton ration

$45,20/ton ration

$66.80/ton ration
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Project Size and Scope

1. Laboratory lork

From one to two years of laboratory work need to be carried out prior to
start-up of a pilot plant. This work should be started in a well-equipped,
well-staffed, laboratory (probably in the U.S.) where selected members of the
Ecuadorean group would spend from 6 mos. to 18 mos. working é]oSe]y with an
expert professional cn definition of the basic fermentation and processing steps.

At the same time this work is going on, the laboratory facilities in
E~~dor should be upgraded and the major parts for the pilot unit could be
designed, specified, and ordered, and the pilot-plant site prepared. When the
Ecuadoreans return to the country the pitot plant could be assembled and the
laboratory brought to full productivity with the trained staff. A professional
advisor should be present in Ecuador for this phase of the project.

The pilot-plant start-up should occur from 2-3 years after initiation of
the program. Plant operation should continue for about 1 to 2 years prior to

the design and economic evaluation of a prototype production plant.

2. Pilot Plant Scale

The pilot plant should be sized to provide the minimum amount of product
to:' |
a) Supply a use evaluation of a scale to permit valid determination .
of the nutritional value, consumer acceptance, and handling,
packaging, and stcrage properties of the product.
b) Provide a valid basis for scale-up to a prototype production

plant.



Both criterfa should be met by a pilot unit capable of ﬁéoducidg about
75-100 1bs. per day of dry product. This could be éccomplished by using two
fermenters, each of 3m3 capacity, running on a staggered 48 hour schedule.
On any day, therefore, one vessel would be harvested while the other was
being.charged and inoculated. Proper inoculum or seed fermenters mﬁst also

be provided.

b7,



E. Mechanism of Interfacing with National Group
Considerable interest in the prospects of developing a process to
utilize waste bananas exists in a group at the Escuela Superior Politecuica

des Litoral (ESPOL) in Guayaquil. The group is centered in the Department

48,

of Chemistry of the Institute and the members of the group are named in Sec-

- tion 3.3 of this report.

The group has, in fact, submitted a proposal to perform essent:ally the

work herein recommended to several U.S. and international funding agencies.
The .group has generated national contacts and interest and, with proper and

~ careful direction and aid, should be capable of carrying out the project.

F. Impact Projection .

~ Because bananas are & me jor export or cash crop in Ecuador very much
more is produced than can be consumed in the country. Associated with
banana production 1s the fact that a certain fraction of the fruit will
be blemished, cut, damaged, or otherwise unmarketable. This fraction
varies from 10% to 25% of the crop. Of course, if banana demand on the
{nternational market is low then even more bananas are unexportable. The
amount of unmarkétab1e bananas in the country in recent years has been
from 300,000 to 600,000 metric tons per year. If these bananas could
£ind a market at 10 U.S. $/ton then from 3 to 6 million dollars would be
added to the banana grower's income. If these bananas were processed to
an SCP product that could be sold in an animal feed market to compete

with the oil seed meals (160 U.S. $/ton) then from 4.8 - 9.6 million

dollars of sales would be possible based on the SCP that could be prbduced.

The development of a process of this nature would make it possible to
Yook at the feasibility of producing and using other sources of starch or
sugar (plantain, yucca, molasses, etc.) for SCP production in case of

future need.



Implementation and support of the banana project at the ESPOL would

be very useful to the country from several points of view.

A. Success of the SCP production phase of the project

NOTE:

could be useful to the economy as discussed above.

Development of the capability to carry out research and
development programs of this nature would be most
valuable. The development of faculty and staff expertise
in technical and management areas is very important and
would have a long-range impact on the technical self-
sufficiency of the country.

The experience obtained by the ESPOL faculty and staff

on this project could be used to attack other problems

and projects in different areas of fermentation processes
and technology. For example, the country may wish to
1nvcstigate biosynthesis of fuels, solvents, pharmaceuti-
cals, organic acids, or other chemicals; the trained group
at [SPOL could address these development programs with
much improved capability.

Much of the information in this section was taken from; Final Tr

Report, Advising Visit to ESPOL, May 1976, by Charles E. Dunlap

and Charles L. Cooney, (available through the LIFE).

49,
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BREWERY AND DISTILLERY WASTES

Wastewaters from fermentation processes contain contaminants
in suffirient quantities to be harmful if discharged directly
into the environment. These solids in solution or suspension
are usually a mixture of carbohydrates and protein which have
nutritional value if recovered. The increasing cost of animal
feeds with reasonable protein content, along with pressures to
protect water quality, may make a number of protein recovery
methods attractive.

Solid residues include spent grains and microorganisms.
Brewers and distillers grains can be readily used for animal
feeding in either wet or dry form. Alcohol and dissolved solids,
including protein, can be recovered from the grain press liquor
which is presently the major source of pollution in plants which
process their spent grains. The quantity of high BOD effluent
and the scope of the required treatment can be significantly
reduced simply by practicing water conservation and good house-
k:eping in the plant.

A major problem in breweries in developing countries is the
lack of equipment and technical manpower, a condition which
severely hampers waste recovery programs. Most breweries in
developing countries, however, are recovering their spent grains
for animal feed, but they often dump excess veast and grain press
liquor into waterways (1).

Even when it is not feasible to recover a waste stream

it is important to provide some treatment. Activated sludge
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systems with Kraug process modifications have had the best

results in treating breowery and distillery wastewater.

I. Brewery Waste Characteristics and Sources

Brewery effluent can generally be characterized as high-
strength organic wastes with moderately high suspended solids
concentrations (1). The wastes are generated from a number of
plant operations as indicated in Figure 1. The major effluent
streams from a brewery operation which must be contended with
to avoid environmental problems are:

* Brewers' spent grains,

* Press liquor from concentrating the spent grains if they

are to be utilized,

* Waste beer from spillage, bottling wastes, and equipment

washings.

The raw waste BOD and volume from these sources can be
quite high. No data is available on just how large these waste
streams are in developing countries, but an indication is given
by a recent survey of several American breweries (3). The mean
raw waste loading levels for large brewing facilities are 3.05
lb/bbl beer (1622 mg/l). Biochemical Oxygen Demand (BOD) and
1.24 1b/bbl beer (772 mg/1) suspended solids in an average
effluent rate of 8.3 gal. wastewater per gal. of beer produced.
The actual waste levels in countries visited by the AIChE-AID/
LIFE survey teams are probably considerably higher because of
the small plant sizes, lack of engineering, and generally poorer
housekeeping practices.

These concentrations of oxygen-demanding organic materials

and suspended solids in the wastewater, at the quantities
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discharged, are sufficiently high to potentially cause oxygen
depletion and sedimentation buildup in streams unless adequate
treatment is provided. Therefore, treatment must be provided
at either the brewery facility or at a municipal waste treatment
plant prior to discharge to a stream (4).

The first step in controlling this problem should be an
in~-plant water conservation program which will reduce total
plant effluent and concentrate this stream for easier byproduct
recovery. Table 1 shows the low rate of waste discharge achieved
at the Adolph Coors Company Brewery, Golden, Colorado by a con-
tinuing program of water conservation, in-plant waste reduction
and recovery of waste materials as byproducts. The quantities
of wastewater from in-plant sources contributing to the overall
raw waste load are shown in Table 2. This table shows the
significant reductions in raw waste volume that Coors has achieved
relative to the brewing industry mean raw waste loads from in-
pPlant sources including cooling water, cleaning, filtration,
fermentation brewing and other sources (4).

A. Brewers' Grain Pressings and Waste Beer

Perhaps the largest single waste source is press liquor
from grain drying. Spent grain from the lauter tun is normally
sold as feed. Rather than sell the wet grain slurry, some
brewers elect to partially dry the spent grain using large
mechanical presses. The liquor from these presses has a very
high BOD content and may constitute 25 perxcent or more of the
total plant BOD load. This liquid generally contains some 2%

total solids, including a significant quantity of recoverable



54,

TABLE 1 (5)

OVERALL PLANT RAW WASTE CHARACTERISTICS

e . Brewing
Coors ' Industry Mean
Parameter Raw Waste Loads ! Raw Waste Loads 2
Raw Waste Volume 108.5 gal/bb! ? beer 257 gal/bbl beer
Raw Waste BOD 0.751b/bb! beer (825 mg/1) 3.05 Ib/bb! beer (1622 mg/1)
Raw Waste Suspended Solids 0.26 Ib/bb! beer (280 mg/l) 1.24 Ib/bbl beer (772 mg/1)

! Based on average at Coors for month of June 1973.

2 Industrial Waste Survev of the Malt Liguor Industry SIC No. 2082 prepared for the Environmental Protection .;\gency. August 1971, by Associated
Water and Air Resources Engineers, Inc.

2 One barrel contains 31 gallons.

TABLE 2 (5)

RAW WASTE CONTRIBUTIONS FROM IN-PLANT SOURCES

Brewery
Coors Industry Mean

Source Raw Waste Loads ! Raw Waste Loads 2
of Raw Waste (gal/bbl beer) (gal/bb! beer)
Cooling Water 31 435
House Cleaning 155 218
Aging o 248 124
Filtration 6.2 ' 218
Fermentation 6.2 ' 9.3
Brewing 9.3 : 373
Maiting 40.3 -
Other 3.1 1116

TOTAL 108.5 257.7

! Based on averoge at Coors for month of June 1973.

¥ Incustrial Waste Sunwey of the Mult LLiquor Industry SIC. No. 2062 prepared for the Environmenial Protection Agency, August 1971, by Associated
Water and Air Resoun: os Enginenrs, Inc.
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protein (2).

There are a number of streams which carry wasta beer.
Beer has a BOD of about 100,000 to 150,000 mg/l and, thus,
one 12-oz bottle of beer has just a little less BOD than the
daily per capita domestic waste load. Wash-water from the
various brewing vessels, general plant washdown, and waste
beer from breakage and spillage in the packaging lines,
therefore, contribute large waste loa'ds (2). Such an effluent
is very high in BOD and can, of course, contain significant
quantities of alcohol. A recovery installation has been
developed in the United States designed to recover alcohol from
such a stream and at the same time concentrate the spent grain
pressings to provide a concentrate suitable for drying together
with the spent grains themselves, to provide a protein enriched
dried product. The process for: the treatment of these effluents
is illustrated in Figure 2 (5). The alcoholic effluent stream
is initially treated separately. Since it can also contain
significant quantities of CO,, it is first of all subjected to
a degassing operation by heating, first in a plate heat exchanger,
and then in a tubular heat exchanger and flashing at atmospheric
pressure. The degassed effluent material is then fed to a
stripping evaporator which is of the falling film type with
recirculation. The vapour/liquid separator on this unit is
fitted with a suitable packing in order to provide some recti-
fication of the alcohol/water vapour mixture. This alcohol
enriched vapour is taken away from the plant for rectification.

The partly concentrated and de-alcoholized effluent is then
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cooled by giving up some of its heat to the incoming material
and combined with the remainder of the effluent, consisting
mainly of spent grain pressings.

This then constitutes the feed to another evaporator
system, operated on the reverse feed principle so that the
viscosity of the concentrated product is kept to a minimum by
arranging for it to be produced on the effect operating at the
highest temperature. This is a multiple effect evaporator with
effects other than the first, operated on the falling film
principle as these require to handle the more dilute product.
The first effect consists of a two-stage forced circulation
evaporator arranged with the two stages operating in series on
the liquor side. This ensures that the most viscous concentrated
product is only present in the final stage, makes the most
effective use of the heating surface area and gives economy in
the use of power for pumping. The concentrated effluent may be
dried separately or in admixture with the spent grains to
provide a valuable ingredient for compounded animal feed.

B. Waste Brewer's Yeast

In the production of beer, yeast is produced in the fer-

mentation process in considerably greater guantity than that
required to maintain the process, and therefore, considerable
quantities have to be removed from the system. The waste yeast
constitutes a difficult effluent to treat and is therefore often
dumped directly into rivers. This high BOD effluent is also rich
in protein and vitamins, and these two factors combine to make

it very suitable for recovery and utilization. The yeast is
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Figure 2 - Process for Solids Recovery From Brewery Effluent

A. Alcoholic Feed Stream.
B. Non—-alcoholic Effluent.

l. De-gassing Stage.

2. Alcohol Stripping and Partial Rectification.

3. Multiple Effect Evaporator.

(5).
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discharged from the process in the form of a slurry at about

16% total solids. This slurry also contains alcohol at a con-
centration between 2 and 2.5% which can be recovered separately.
The recovery process is made a little more complicated by virtue
of the presence of viable yeast cells and CO, in the waste yeast
discharge, and a process which has been adopted in Germany is
illustrated in Figure 3 (5).

To improve the economic feasibility of yeast recovery the
yeast bearing effluent is transported by road tanker from a
number of breweries to a central processing plant. After initial
storage, it is sieved to remove large particles and any foreign
materials. After further storage, it s heated in a plate heat
exchanger to 75°C by hot water, in order to kill off yeast cells
and to inactivate the enzymes present in the cells. The plate
heat exchanger is chosen to give gentle heating with a low
temperature difference across the heating surface. This is
important if fouling by yeast particles is to be avoided. Still
at 75°C, the yeast is then stirred in a specially designed tank
where COp and other volatile materials are allowed to escape.
This partial de~gassing stage cnables subsequent concentration
to be carried out in a plate evaporator without foaming. This
low heat contact time evaporator concentrates the material,
under vacuum, to 30% total solids and the gentle heat treatment
thus imparted ensures that any degradation of the nutritive
value of the yeast is minimized. The concentrate from the
evaporator is then fed via a buffer tank to a roller dryer

where it is dried to a final moisture content of between 8
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3
___;\l

Figure 3 - Process for Recovery of Waste Brewers' Yeast (5)
l. Feed Storage Tanks.
2. Screen.
3. Plate Heat Exchanger.
4. Stirred De-gassing Vessel.
5. Plate Evaporator.
6. Alcohol Rectification Column.
7. Roller Dryer.

8. Product Storage and Packaging.
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and 10%; the product is then hagged for dispatch.

In the evaporator, the alcohol present in the original
waste material is distilled off with the water and the condensate
from the 2nd effect of the evaporator and the ¢ondenser contains
some 5% alcohol. This is taken to a rectification column in
which the alcohol concentration is increased to a level suitable
for sale.

The approximate composition of the solids in the yeast
product is shown in Table 3 and Table 4 indicates the vitamin
content of the yeast as it leaves the fermenting vessel. The
recovery process described, utilizing low temperature operation
and gentle heating wherever possible, ensures that the minimum
degradation of these vitamins occurs, rendering the product of
excellent nutritive value for animal feeding. |

\.

C. Brewery Waste Treatment

Most breweries use some form of an activated sludge process
to treat the wastewater that cannot otherwise be utilized.. Con-
ventional activated sludge systems have been the most popular
in the past, but many of these have been converted to the Kraug
Process when sludge bulking has become a major problem. This
process appears to be the best suited for brewery wastes. 1If
the press liquor is to be treated by this method it should be
fed at a constant rate from a holding tank to avoid high level
BOD upsets resulting from batches being dumped. Care should
also be taken to make sure that the system is not upset by

sudden pH changes due to washes.



TABLE 3 (5)

\pproximate composition of the total solids of brewers' yeast:-

Ash : 8%

Carbohydrate 43%

Protein (Nx 6,25) 47%

Fat 2%
TABLE 4 (5)

Vitamin content of a bottom fermented brewers'
total solids:-

Thiamin (B})

Riboflavin (Bj)

Niacin (nicotine acid amide)
Pantothenic acid (Bj)
Pyridoxin (Bg)

Biotin (H)

Folic acid

61.

yeast referred to yeast

150

30
300
120

L1
45

Img.
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Trickling filters are cheaper than activated sludge treat-
ment. However, performance is mediocre with treatment effi-
ciencies being well below current acceptable levels and offensive
odors compounding the problems (7).

D. Sludge Disposal

The disposal of primary and secondary sludges from brewery
waste treatment operation is a severe problem, as it is at many
treatment élants (2). The high BOD and suspended solids content
of brewery wastes, however, results in a much higher solids
production per unit volume of waste than many other wastes. A
variety of sludge disposal methods have been used for brewery

wastes with mixed results. Gravity thickening has been used with

little success on both combined and waste activated sludges.

Some plants presently use dissolved air flotation for thickening
waste activated sludge with similar results, specifically a
discharge solids content of about three to four percent. An-
aerobic digestion is another major sludge disposal method.

Vacuum filters can be used to collect the sludge with the filter
cakes being land filled. These methods are intended for pollution
abatement when recovery of brewery waste is not feasible or is

incomplete.

II. Whiskey Distillery Effluents (5)

The recovery and sale of by-products from the effluent
from whiskey dlstlllerles is probably one of the best establlshed
processes of this type with major units in operation in Scotland,

U.S.A., Canada, Spain and Japan. The important effluents from
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whiskey distilleries, once again, come in two streams, one solid
and one liquid. The exact nature of these varies depending upon
the distilling process used and whether the product is a malt
whiskey or a grain whiskey , and sometimes these streams are

not separated until the recovery process begins. Nearly always
however, in the course of recovery of materials from the ef-
fluents, the solids and liquid streams are treated separately.
The processes described refer to the effluents from malt whiskey
production but they do apply with only minor variations to the
effluents from grain distilleries. The recovery plants installed
in Scotland generally produce one of two possible products. The
first, called Distillers' Dark Grains, is a dried mixture of all
the effluent, while the second, called Distillers' Dried Solubles,
is only the dried solids contained in the liquid stream. When
the latter is produced, the solid material is disposed of se-
parately, generally in the wet condition, for animal feeding.

A. Distillers' Dark Grains

In many cases plants are set up to serve a number of small
distilleries and in these circumstances the liguid effluent,
known as pot ale, is declivered by road tanker, screened and
passed into storage. It is immediately heated to a sufficiently
high temperature to prevent bacterial action leading to secondary
fermentation, resulting in the presence of volatile materials
which would subsequently contaminate the condensate from the
evaporation stage and produce a high B.0.D. effluent. From
this hot storage, the pot ale is then taken to an evaporator

where it is concentrated from about 4% total solids to some
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40-50% total solids. The concentrate is held in an intermediéte
|

storage tank. Meanwhile, the solid grain effluent, known as f
draff, is also delivered by road and stored in the wet condit{on
in a hopper. It is then continuously transported to a screw
type press where its moisture content is reduced from about

78% to 65% before being fed, in this instance, to the first

of two dryers in series. The partially dried product frcm thé
first dryer is then mixed with syrup from the intermediate
storage tank before drying is completed in the second dryer.

The product is then passed to a pelletising plant and from

there to bulk storage or bagging facilities ready for dispatéh.

B. Distillers' Dried Solubles

The manufacture of this by-product is similar to that
already described for Distillers' Dark Grains excepti that thére
is no solids processing line. The pot ale is treated in exaétly
the same way, but the syrup has to be mixed with lime prior to
drying, in order to produce a product which is not too hygrﬁ-
scopic. In this process, spray drying is often used, as thé
dryer does not have to handle solid particulate material. éis-
tillers' Dried Solubles is seldom dispatched in bulk due to/
its hygroscopic nature and is generally bagged for sale. !

Distillers' Dark Grains forms a readily saleable and éseful
ingredient for compounded animal feeds and is capable of storage

over extended periods. Distillers' Dried Solubles, on the other

hand, has found particular application to the feeding of poultry,
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but requires more careful storage. Typical analyses of these

produts are given in Table 5.

ITI. Economic Considerations (5)

All the processes described in this paper involve the
removal of water from relatively dilute liquid effluents, or
very wet solid ones, and as the removal of water by thermal
means involves the use of large quantities of energy, the eco-
nomics of such processes tend to be very much affected by the
efficiency of the means of water removal adopted. Obviously,
wherever possible, mechanical dewatering methods should be
used, and examples of this have been gquoted in the pressing of
brewers' spent grains, and distillers' wet draff, prior to
drying by thermal means. Other mechanical processeé not de-
scribed include centrifugation of certain whiskey distillery
effluents to separaﬁé solids from the liquid effluent and par-

" tially dewater them before further processing. Membrane pro-
cesses offer interesting possibilities either in the modification
of the effluents prior to processing by more.established means,
or in carrying out preconcentration duties. However, current
uncertainties with regard to -membrane life coupled with the
variable nature of the effluent products considered, render
commercial developments in this field very slow.

The greatest contribution which has been made over the
years to improving the economy of such processes by reducing
the energy consumption, has been made in the field of water

removal by thermal means and particularly in the area of



TYPICAL ANALYSES FOR DARK GRAINS AND CRIED

TABLE 5

DISTILLERS' SOLUBLES

Dark Grains Dark Graias D.D.S. D.D.S.
ex ex ex ex
Malt CGrain Malt Grain
Per cent
Moisture 10 10 5 5
Protein 22 25 26 27
Fat 5 7 X 8
Fibre 11 ? 1 b
Ash 5 4 17 8
Carbohydrate 47 47 50 48
(by difference)
Milligrammes/gramme
Amino acids ‘ '
Lysine 9.3 4.0 11.9 9.0
Methionine 3.1 4,8 3.7 5.4
Arginine - - 4.5 11,8
Cystine 2.1 3.1 0.8 0.8
‘Histidine - - 4.3 6.3
Phenylala~ine - - 7.0 23.6
Tryptophan - 0.9 0.7 1.1
. Microgrammes/gramme
B-vitamins
Aneurin 2,2 - 1.5 3.5
Niacin 165 55 510 76
Pentonthenic acid 34 9.7 67 11
Riboflavin 11,2 7.5 21 12
Choline 5600 2700 2000 3100
Pyridoxin 4.6 - 19 1
Biotin 0,22 - 0.7 0.3
Inositol 2250 - 10000 7200

66.
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evaporation. There are many suppliers of evaporation equipment
and many types of plant available and careful selection of the
right equipment can ensure that the recovery of such residues
as have been described can be carried out most economically
and effectively.

The importance of selecting an evaporator which operates
economically is illustrated by ?he Distillers' Dark Grains
process in which for every ton of final recovered product, ten
tons of water have to be removed from the original effluents
of which 8.5 tons are removed in the evaporator. Although the
evaporator removes the greater part of the water which has to

.be removed in these processes, the economy of operation of the
dryer is also important. This is because dryers are generally
mush less economical to operate than evaporators requiring the
energy equivalent of 1.2 to 1.5 kg of steam for every kg of
water evaporated. |

When attention is paid to these factors then it is possible
to make recovery processes from the residues that heve been
described look much more attractive in economic terms than
might otherwise be the case, although the picture remains heavily
influenced by the price for which the product can be sold and
by the cost of alternative methods of disposal of the residues
themselves.

IV. Information From AIChE AID/LIFE Project

Information on brewery wastes, obtained primarily from the
site visits made as part of the AIChE AID/LIFE project are herein

presented.
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A. National Breweries, Ltd., Kitwe, Zambia (6)

National Breweries makes opaque beer from corn at fourteen
plants throughout Zambia. This product is common throughout
eastern and southern Africa. Also produced is munkoyo, which
is nonalcnholic but otherwise similar to opaque beer. About
'}is million 90 kg bags/yr (roughly 10,000 bu/day) of corn are
consumed.
| The procedure for producing opaque beer is as follows:
Whole kernel corn is cooked with high pressure steam until the
corn kernel disintegrates. Enzymes BAN 360 and AMG 150 from
Novo are added to liquefy and convert the starch, and the mash
is then filtered. The material is cooled to room temperature,
baker's yeast added, and the brew allowed to ferment for 24
hours. The alcohol by this time is 2 to 3% and the total solids
8 to 9%.

The beer is ready for sale at this stage, and is dispersed
in bottles, buékets, and cans brought in by the customers, who
consume it immediately. Corn beer is the common man's drink
and sells for about 1l ngwee/liter ($0.14/liter) compared to
malt beer at 35 ngwee/375 ml ($1.20/1liter).

The material filtered out of the mash after saccharifi-
cation, which presumably consists of bran and germ with some
endosperm chunks, is hauled away by farmers for feed. They pay
only a very small price for it. National Brewers would like
to expand the production of the corn beer and also dry the

feed to get more return from it.
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C. Zambia Breweries, Ltd.,, Lusaka (6)

INDECO owns 51% of Zambia Breweries, Ltd., twenty-nine
percent is held by Labatts of Canada and the remainder is by
private groups. It is the only producer of bottled beer in
Zambia.

The brewery, completed in 1968 with German equipment,
uses a 95% malt/5% cofn mix as its feed and produces a good
beer of 3.5 wt % alcohol. The 5% corn limit is due to a lack
of a cooker which cannot be imported due to currency restrictions.
With a cooker, the brewery would be able to cut down on malt,
an import, and perhaps reach the 35 to 65% corn mix used in
the U.S.

Zambia Breweries has had production problems for over one
year. It cannot get spare parts to solve these problems due
again to import restrictions. Pumps, mash tanks, and copper
vats are difficult to obtain due to import restrictions and
shipping times. A boiler, bought in 1976 to increase capacity,
is down due to lack of parts. Pumps are sitting in the shop
waiting for parts. Many simple items cannot be bought or made
there.

Part of the production problem is also due to the lack of
trained personnel. The Univ§rsity of Zambia may produce 30
engineering graduates/yr. The only way Zambia Breweries can
get an engineer is to sponsor one and wait five years for the
technical school product. Welders, mechanics, and electricians

are also short and the brewcry has no systematic training program.
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Yeast was collected and dried for feed. The dryer ls also
out now so that yeast is dumped. Spent grains, now in demand
by cattle ranchers, are sold wet. About 16-17 ton/day are
produced.

Wash water and spilled beer goes into a sewer. The city
charges a fee based upon BOD.

gzambia Breweries has a large, cager, and bright sales force
of high school graduates trying to increase sales despite pro-
duction problems, import restrictions on malt, and not enough
vehicles. The plant can produce four to five million liters/
month or 1600 bbls/day when operating properly, but recently
production has been about one million liters/month.

This company, completely Zambianized except for the German
brewer (all other expatriates left after INDECO took over)
serves as a model for what can happen to other companies if
expatriates are replaced too quickly. Lack of import capital
and lack of technical manpower have dramatically reduced
brewery output.

D. National Brewery, Ecuador (7)

A major waste at this operation was 35,000 liters of
yeast sludge which is dumped every week into the Guayas River.
Though this is not a particularly large amount there is a pos-
sibility of‘recovéring the yeast for animal feed. A suggestion
was made to the personnel at ESPOL* to investigate recovery by
filtration of the sludge through ground rice hulls.

In all the other countries visited by the second survey

team (Latin Amcrica), it was noted that the spent brewer's grains

* - Escuela Superior Politechnica del Litoral.
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from most breweries were collected and dried for animal feeds
either by the brewery itself or by a private contractor. How-
ever in some cases the waste yeast from clarification operations
was simply dumped in a river and not recovered. The quantity

of waste yeast from a large brewery may, in fact, be of suf-
ficient magnitude to justify some type of recovery prncess.
However, this technology is well developed and well known. Its
application should only depend on local economics considerations
in places where this waste is available.

E. San Miguel Brewery, Manila, Philippines (8)

The San Miguel Corporation is very much involved in waste
utilization as summarized in Table 6. Spent grain press liquor
from the brewery is dried and mixed with corn in a company
owned poultry operations. The dust generated at the feed mill
is recovered in cyclones and used in feed. Underdrain liquor
is used by individual farmers as hog feed.

At the brewery, the liquid wastes are treated by an acti-
vated sludge unit to produce a clear effluent of 20 - 30 ppm BOD.
San Miguel is interested in growing chlorella on this effluent
for animal feed purposes and for protein extraction. The
excess sludge from the treatment plant is high in protein, and
they are trying to dewater this sludge by filtration to produce
animal feed. Feeding trials with broilers have been promising,
but dewatering of the sludge is difficult.

F. Thailand (8)

Wastes from breweries and distilleries are apparently of

some environmental concern. Spent grains from some of the
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breweries are used for animal feed, but reportedly none of

the distillery slops are used. There has been some industrial
interest in recovering and drying yeast for reuse in fermentation.
ASCRT has worked on use of distillery slops as animal feed and
has expressed interest in producing single cell protein from
brewery and distillery wastes. Much of the carbon dioixide
proauced in the breweries is wasted and this has potential use

in growing algae, an application which also utilizes other
wastes.

G. Technology Consultancy Centre (TCC) Kumasi, Ghana (6)

TCC has been involved in the use of spent brewer's grains.
After pressing the residue, three 3 kw electric heaters can
dry 25 tons/week of Kumasi Brawery's 100 ton/week output of
wet grain. Earlier tests with drying using sawdust for fuel
were unsuccessful, as the smoke gave the product a bad taste.
Drying is necessary, since there are not enough cattle nearby
or hauling facilities to use wet brewer's feeds, as is done in
the United States. This material is quite worthy of use, being
21% protein on a dry basis, roughly half digestible.

TCC has arranged to have the dried spent grains used by
University's herd of dairy cattle and also for horses, sheep

goats, and rabbits.

IV. Summary and Conclusions

In recent years as government pressure has increased toward
protecting the environment, coupled with the rising prices of

protein additives in animal feeds, a considerable number of

* - Applied Scientific Research Corporation of Thailand.
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distilleries and breweries have shown that it can be ecnomically
attractive to recovef?nutrients from their process effluents.
There are however problems which remain unsolved. The basic

one is that the effluents from these industries do not always
contain substances which are sufficiently desirable or in suf-
ficiently short supply to reflect properly the cost of recovering
them. There is little that industry itself can do to solve this
problem and it is unlikely that such residues will find much
utilization unless pressure is brought to bear upon the indus-
tries concerned to treat their residues for other reasons.

This would only be economic where by doing so industry avoids
substantial processing charges from local authorities or other
statutory bodies. n the main processes for the recovery of
useful materials from residues from the fermentation industry
involve using large quantities of energy and the economic
viability of them will continue to be improved as further
attention is paid to reducing the energy requirements of eva-
porators and dryers and in particular.if developments in the
field of membrane processes result in more effective removal

of water by mechanical means (5).

The problems encountered in recovering these wastes in
developing countries have more to do with the lack of capital,
trained manpower, and incentive rather than a technology shortage.
@ost of the breweries and distilleries in these countries are
fecovering their spent grains for animal feeding. The excess
yeast from these fermentation processes is often dumped into

rivers despite its high nutritive value. 1In light of these
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conditions the second AIChE survey team (7) has recommended
against USAID involvement in projects to reclaim nutritional
products from brewing wastes because necessary technology is
well-known and is available for any application where local

economics are favorable. No pilot plant is necessary.



76.

BREWERY AND DISTILLERY
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CASSAVA
(TAPIOCA)

Tapioca'is grown in most tropical areas of the world and is also
known as cassava and manioc. 'The root (or tuber) is the valuable part of the
plant and contains 20 per cent or more starch in a cellulose matrix. As a
crop, its popularity with farmers is due to several attributes: it is easily
planted and requires little attention; it can stand drought and short periods
of flood fairly well; it grows in relatively poor soils; and it is high
yielding compared with many other crops. A further advantage of tapioca is
that it has no definitc harvest time, after which it spoils. However, if
tapioca crop is left too long, there may be marketing problems because of-the
oversized roots (which are usually unacceptable), increased fibre in the roots,
and a decrease in starch content (1).

The greatest portion of the world production of tapioca is in South
aﬁd Southeast Asia and Brazil. It is also produced in limited amounts in
other South American countries and in Africa. Indonesia's production of
tapioca (9.4 million tons in 1973) is next only to rice (14.7 million tons in
1973). In the Philippines, the production of all root crops, mainly tapioca,
in 1975 was 1.8 million tons. Malaysia has a relatively small area under
cultivation and produced 0.4 million tons. Thailand produced about 3
million tons of which 1 million tons is exported annually. In India, tapio-
ca is cultivated only in the South and to a little extent in the hilly
regions of NE India. The total production in 1972-73 was 6.3 million tons
(2).

Brazil is the world's largest producer of tapioca, processing 30
mil T ion tons anmmually (3). Columbia and Ecuador produced 0.92 and 0.40

mb b o toness vespecUive by whit be the Tvory Coast produced 0,53 million tons

w7
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fn 1974 (3).

1. Tapioca Utilization

"The tapioca plant has an unusually high photo-synthetic potential for
conversion of solar energy info starch. About 3 tons of roots yield about 1
ton of meal. The roots are perishable and deteriorate within a few days of
harvesting if they are not dried and adequately stored" (2 ).

"The tapioce plant is hardy and grows in sandy soils yet its uptake
of nutrients from the soil is high. Small farmers in SE Asia therefore grow
it on nearly cleared forest areas. The new commercial varieties have 38
per cent starch in the tubers and the yield is 40 tons/ha" (2 ).

“During the harvesting of roots, the woody stem of the plant is cut
about 6" from the ground. The leaves along with the softer plant are fed to
the farm animals. The leaves are consumed as a vitamin-rich green vegetable.
The stem is used as a domestic fuel, as a replanting material or is ploughed
back" (2 ). |

.Tapioca starch is an important native food in many tropical countries,
e.g. flour in Brazil. The major outlet for tapioca starch is in the formu-
lation of animal feeds or for export where it finds a number of end uses.
The commercial tapioca feed may be in the form of dried (usually sundried)
and chipped roots of various shapes or pellets. The pelletized product is
preferred éince it decreases the volume, is easier to transyort and is uni-
form. It also permits the use of dried tapioca leaves and the residual pulp
for starch manufacture (2 ).

Among the new uses of tapioca which have been suggested are its pro-
tein enrichment by direct solid-substrate or a 1iquid fermentation using
starch degrading oraanisms. Non-aseptic fermentation of cassava for the

provte Chon o f a high peotedn antimal feed s being studied at CIAT in Paly-



myra, Colombia (3). Dr. Nga Been Hen of the tniverdity of Singapore is yrow-
ing different strains of endom copsis on Lapioca starch (4).  Recovery of hio
mass is attractive but the economics of production of the enriched food material
have yet to be worked out (2). One possible limitation to fermentation of
cassava starch is the simu]tanéous production of a strong wastewater.

There are several other applications resulting from special physical
properties (1). Tapioca starch contains only 17 per cent amylose compared
with 22 per cent in p.tato starch and 27 per cent in corn starch and, because
of this, it possesses unusual viscosity characterigtics. The large per-
centage of branch-chained amylopectins in tapioca starch gives it great
dimensional strength, which makes it in particular demand for sizing paper
or fibres, to give them greater tensile strength. Tapioca starches also
possess specific characteristics that are in demand in the food industry.

Some other uses are as a glazing for twine, as laundry starch, and in the
{manufacture of compressed yeast.
Brazil is considering producing a1coho]\for motor fuel by fermentation of

tassava (5).

II. Environmental Impact

"The manufacture of pelletized tapioca does not generate any residue.
Manufacture of starch and flour does and such residues are a serious pollu-
tion problem. The effluents consist of peels, pulp and liquids. The peels
have no use except as a land fill. The pulp is usually pelletized along with
the dried roots. It is also sundried and sold as animal meal (1 ton from
100 tons of fresh roots). The pulp composition in Thailand is as (per cent):
moisture 12.7; ash 9.1; fibre 8.1; fat 1.0; protein 2.5; carbohydrate 65.9;
(2).

In areas where tapioca is grown and processed, tapioca starch produc-
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tion contributes significantly to stream pollution (1). The process to
extract starch from tapioca roots ‘(or tubers) requires large quantities of
water, both for root washing and for the extraction of starch from rasped
roots, and significant amﬁunps of wastewaters are released. Heavy pollution
of land and streams by this waste gives rise to a strong, obnoxious odour in
the neighbourhood of factories, which is a nuisance to passers-by and resi-
dents. In addition, the acidic characteristics of the waste coupled with
its high solids content make it detrimental to flora and fauna of Streams

to which it is discharged. Receiving streams become aestheticai]y unpleasant
and their usefulness for irrigation and fishing is considerably limited.
Algae growth is common in stagnant areas downstream of starch mills.

Even in cases where the receiving stream affords high dilution,
the waste still imposes limitations on its use as a source of potable water
supply, and rural people in developing countries are often seriously affected
by uncontrolled discharges of this wastewater. Problems are magnified if
the receiving stream affords 1ittle or no dilution during diy weather (1).
For example at a Sago starch mill visited in Indonesia (6 ), the same water
supply for washing starch and driving the grinding wheel, is used for drinking,
bathing and cooking. This type of wastewater discharge in such a stream
seems to represent a severe sanitation and rural water supply problem.

"As an example of the magnitude of the problem in comparison with
other waste sources, it was estimated that in 1972 more than 80 per cent of
the suspended solids and more than 95 per cent of the BODg; finding their way
into the Gulf of Thailand from the Province of Cholburi in Thailand were from
tapioca starch processing. At the present time, few factories have any con-
trol over their waste discharges and those that do attempt any form of treat-
ment. are guided by expediency alone and have usually limited their waste-

water processing to inadequate holding in ponds. Few studies have been



carried out to arrive at ratfonal and effective wastie treatment proceases

for this waste."

L netric

It was estimated that in 1975 Brazil produced about 7.5 x 10
tons of press water (BOD = 10f500 mg/1, COD = 15,000 mg/1) from cassava flour
production (7).

' Several S.E. Asian countries have expressed concern over water pollu-
tion from starch processing. For example, Dr. Phrom ( 8) indicated that
tapioca wastewater is the second highest governmental environmental priority
in Thailand. However, even though pollution control laws may exist, they are
rarely enforced.

Several research institutions have developed schemes to utilize the
high organic content of the effluents prior to discharge. Tapioca waste-
water contains about 3% starch and it is possible to produce single cell pro-
tein from tapioca starch wastewater. ASCRT (9 ) has grown Torula yeast for
animal feed (as high as 50% protein) and is considering testing their method
.in the Denver Research Insitute fermenter for fungal conversion. Dr. Black-
ledge of Denver Research Institute has grown molds on tapioca starch waste-
waters (10). The Asian Institute of Technology (11) has done much research
on treatment of tapioca factory wastewater. Some institutes are experimeni-
ing on growing algae in wastewater remaining after fermentation of tapioca,
using carbon dioxide (1likely to be available from yeast propagation). The
growth of algae is, however, slow and harvesting expensive (2 ). Algae can
also be grown on wastewater from starch production. Because of the algae
harvesting problem, it may be preferable to overflow the algae into an adjacent
fish pond (11). |

With regard to other tapioca waste utilization, ASCRT is piloting
growth of protein for animal feed by fermentation of chopped cassava leaves.

AIT has done research on acid hydrolysis of the pulp to yield inexpen.ive sugar
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for yeast growth (6 ).
Possible approaches to the wastewater problem are

- Treat for suitable disposal, e.g. filtration ur settling,

followed by biological oxidation in a pond. Recovered solids
could possibly be used as animal feed.

« Irrigatior water for growth of rice in lagoons

* Use of a village scale fermenter, e.g. Tate and Lyle-type (12);
“The solution to the problem of tapioca starch wastewater treatment
needs to be appropriate for the economic situation of this industry and
should take advantage of local environmental conditions. Unfortunately, the
economics of the tapioca starch industry are externally controlled by the
world price of the product, with the USA being the principal buyer of
tapioca starch. The fact that profit margins are low is exemplified by the
stopping of processing when the starch content of the roots drops only
slightly below the normal level (about 20 per cent in Thailand), as it does
"in wet weather. With this economic climate, it is unlikely that factories
could adopt sophisticated waste treatment processes utilising expensive
equipment and therefore low-cost methods are essential. An additional incent-
ive to adopt simple wastewater treatment methods is the inadvisability of
adding a complex waste treatment process to a factory where essentially simple
processes are used and skilled operating staff are not available. These con-
ditions apply to many agro-industries in developing countries and the general

need for rational local solutions is apparent" ( 1).

III. Tapioca Processing

In Brazil, cassava is used to produce flour as well as starch. During
processing the ground roots are washed, peeled, grated, pressed and dried,

producing about 300 Titers of press water per ton of roots ( 7).



In Thailand, tapioca starch is mvduced 0 two grades by Ly Pypee of
processes. Although the qualtty of the Tinal produc b ds st e fn faed b
cases, the processes used are not. The first-grade product is produced using
centrifugation, filtration and spray drying as the basic unit processes;
the process is capital intens%ve and uses less labour and more water than the
other process. By contrast, very little mechanisation is utilised by second-
grade starch producers, which are usually small private-enterprise plants;
these installations are not capital intensive but use very simple methods
of separation by cloth filtration, gravity settling, decanting and drying on

heated concrete slabs (1)

First-Grade Tapioca Refineries (1)

The flow diagram of a first-grade tapioca starch plant is illustrated
in Figure 1. Roots are transported by truck to the plant, which must process
them within 24 hours to avoid degradation of the starch. Sand and soil are
first removed, by dry rasping in a revolving drum, and then the peels, by
mechanical tumbling in a wash basin, from which the root washwater is de-
rived. ‘The roots are then mechanically crushed releasing the starch granules
from their surrounding cellulose matrix. Most of the cellulose material is
removed by centrifugal means in a jet extractor and subsequently by continuous
centrifugation. This cellulose material or pulp is sold as animal feed, main-
ly for ducks. After primary centrifugation, the starch milk is seijved
through a series of three seives decreasing in pore size to assist in separat-
ing the starch from the small amournt of pulp remaining. The pulp thereby re-
covered is recycled to the jet extractor and the processed starch milk fed
to a second continuous centrifuge, from which wastewater is derived and by
which a more concentrated starch }s produced. After dewatering to a paste-

like substance in a basket centrifuge, the product is spray dried and packaged. "
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Second-Grade Tapioca Refineries (1)

The flow diagram of a typical second-grade tapioca starch plant is
f1lustrated in Figure 2. Here again, the initial stages of processing include
dry removal of sand and clay,.root washing and rasping. Starch is separated
from the cellulosic pulp in only one step by screening it through fine nylon
mesh supported by a large cylindrical drum. The starch is sprayed through the
mesh and the pulp slowly drawn off and collected for dewatering. The starch
milk is then sieved again and released into large deep (1.2 m) settling
basins. After 24 hours of settling, the supernatant is removed’by decanta-
tion and discharged, usually directly to a stream. The surface of the starch
caked on the bottom of the basin is then washed, the washwater from which
is normally discharged to an outdoor lagoon. The starch is resuspended and
pumped to a second sedimentation basin (again 1.2 m deep), where the starch
settles for 24 hours. (The supernatant is again decanted and discharged,
usually to the stream, and the starch surface washed.) This surface washwater
s discharged and stored in the same lagoon as the first surface washwater.
The starch is then removed from the second basin as large pieces of cake and
spread on a concrete pad heated with subsurface hot air for drying. After
drying, the finished product is packaged and marked.

Even simpler operations are the family run plants that are character-
ized by low production and are labor intensive. An example, is the Sanchez
Cassava starch plant located in the piedmount of the central range of the
Andes (3). This is a very simple operation where the cassava root is
hand peeled, sent through a rasper and washer and finally into a settling
basin where the starch settles to the bottom and other material floats to
the top. The "floats" from the settler and the "recillo" from the washing
operation along with the peels are fed to swine (again an integral part of

the operation). The starch cake which forms at the bottom of the settler is



recovered by decanting the liquid and then sun drying the granulated cake.
The major waste product is the high BOD liquid decanted from the settler.
This liquid along with the swine wastes and family sewage are all dumped

to a small stream which passes "through" the small factory.*

IV. Wastewater Characteristics and Quantities

"Although tapioca starch is produced in two grades by two different
fypes of processes, both first- and second-grade factories discharge two
major wastewaters. These are washwater, from root washing (waséewater A in
Figures 1 and 2), and separator waste, from jet extraction and channel
separation in first-grade factories (wastewaters B and C in Figure 1), or
starch supernatant decanted from sedimentation basins in second-grade
factories (wastewaters B, C, D in Figure 2)" (1).

Different factories use different amounts of water depending on plant
_capacity and type and on the availability of water. In general, however,
second-grade factories use less water and release less wastewater than first-
grade factories, 6.3 1/kg root processed compared with 7.6 1/kg (from the
data available in Thailand), and process less root each day. Washwater makes
up from 7 to 16 per cent of the total combined waste flow in both types of
tapioca starch plant.

A survey was made of representative tapioca starch plants in Thailand
%n terms of sources of wastewater (1). "The average characteristics and
UMER (Unit Mass Emission Rate) values obtained for different wastewater
effluents from first-grade tapioca starch factories are presented in Table 1.
Designations A, B and C refer to effluents of wastewater as shown in Figure
1. (Utilising an average of 200 metric tons of tapioca roots as daily
fput tooa Fhet -grade factory, an estimated 5960 kg BoD, and 3140 kg

* This method of waste disposal is similar to that seen in a Sago starch
mill in Indonesia (6).



Topioca Root

DRY SAND REMOVAL |

Woter — > ROOT 'WASHER | Root Wash Wostewater A

l

ROOT RASP |

—

4
CYLINDRICAL Pulp DEWATERING | Animo! Feed
SEIVING DRYING Fertilizer

L]

Sproy Water ————>

'

. [1'st._BATCH SEDIMENTATION Supernctont B
Surfoce DECANTING - P N
Wash Woter —>{STARCH SURFACE WASHING

y

SEDIMENTATION — Joifoce Wash
DECANTATION  |Wostewater C

Mixing \
Woter RESUSFENSION
2nd. SEDIMENTATION Supernatant .
Surface DECANTING M IWostewater D
Wosh Woter — T 1STARCH SURFACE WASHING

l

DRYING ON HEATED

CONCRETE SLAB v
l . Combined
5 Wostewater
ACKAGING
Figure 2.

Second-grade Tapioca Starch Process (15



s#spended solids were discharged in wastewaters each day.) In the same survey,

i
three second-grade tapioca starch refineries were also studied, and waste-

water characteristics and UMER values reported as in Table 2 (A, B, Cand D

refer to wastewater source§ shown in Figure 2). A plant processing 30 tons of

roots per day was estimated to discharge 1095 kg of 8005 and 1140 kg of sus-

pFnded solids to the environment each day. Root washwater contained lower

cbncentrations of BOD5 and COD than the supernatant or separator wastewaters.

Wastewater flow volumes discharged were of high variability and depended

upon the availability and quantity of raw material and plant production."

TABLE 1. FIRST-GRADE TAPIOCA STARCH WASTEWATER

CHARACTERISTICS (1)

Wastewater concentrations

Combined

Characteristic A B c was te-
water
coDp mg/| 929 11 200 3 210 8 210
BODE mg/1 b6 5380 1 540 3 940
Suspended solids mg/1 738 2 140 1 996 1 970
Suspended solids - volatile mg/l Lé6s 2120 1 653 1 840
Dissolved solids mg/1 6 637 9 400 5 128 8 070
Dissolved solids - volatile mg/l 5 952 5 880 4 423 5 530
Flow** 1/sec 1.49 9.92 3.76 15.2

UMER values g/kg root

Combined

- A B c waste-
water
cop 0.69 55.2 6.0 62.0
‘80D, 0.33 25.5 2.9 29.8
Suspended solids 0.54 10.5 3.7 15.7
Suspended solids - volatile 0.34 10. 4 3.1 13.8
Dissolved solids 4.91 L6.3 9.6 60.8
Dissolved solids - volatile .40 29.0 8.3 by.7

* Based on a BOD/COD ratio of 0.h8¢
*For an averaqe input of 7.2 tonncs

of root per hour



TABLE 2. SECOND GRADE TAPIOCA STARCH PLANT WASTEWATER CHARACTERISTICS (1)

Plant | ) Plant 2 Plant 3 Combined
. . Combined Combined Comblned waste-
haracteristic Unit A B D waste- A B c waste- A 8 Waste- water
water water water ave: age
ow 1/kg root 1.43 6.8 0.5 8.7 0.379 k.22 0.525 5.1 0.372 4.27 0.508 5.2 6.3
D¢ mg/1 1 290 6600 4 200 5140 1790 6830 1970 5990 2 460 6 600 2 450 5 835 5 6355
ital solids mg/1 2913 15012 4 460 12 468 4 408 11 004 3 712 9 815 7012 10 292 3742 9320 10 534
ital suspended mg/1 2185 12280 1152 10023 2496 2 650 2 540 2 640 1 762 2650 2 540 2 550 5 G71
solids :
ital volatile mg/1 1 823 11 276 2 992 9285 2243 6008 1529 5295 3 148 5 856 2 069 S 240 6 £36
solids .
: - - - - - 6.2 6.7 4.8 6.5 5.6 5.2 41 g5n 5.8
UMER values UMER values UMER values Cc~tined
. . o . Combined Combined Combired waste-
‘haracteristic Unit A B D waste~ A B waste- A 8 ¢ waste=  water
water water water  average
'Ds g/kg root 1.8  44.8 2.1 48.7 0.68 28.8 1.0 30.5 0.91 28.2 1.2 132.2 35.5
tal sclids g/kg root 4.2. 102.8 2.2 109.2 1.70  46.4 1.9 50.0 2.6 43.9 1.9 48.% €5.2
'tal suspanded g/kg root 3.1 83.5 0.6 87.2 0.95 11.2 1.3 13.5 0.66 11.3 1.3 13.3 23,0
solids
tal volatile g/kg root 2.6 76.7 1.5 80.8 0.85 25.3 0.8 26.9 1.2 25.0 1.0 27.2 55.0

solids




TABLE 3. PHYSICAL, CHEMICAL AND BIOLOGICAL CHARACTERISTICS OF
TAP10CA STARCH WASTEWATERS (1)

t-z-zzteristic, 2nd-grade starch wastewater Ist-grade starch wastewater
¢/l wWashwater Supernatant Plant A Plant B
{excez: zs indicared) Range Mean Range Mean Separate waste Washwater Combined wastewater
Co¢ 300 - 2 590 ! 192 1 720 - 6 820 4 148 3 000 - 4 000 200 - 1 700 5 550 - 7 40O
cc2 6'3 - €110 2696 4 704 - 10 010 7 584 3100 -~ 900 2 COO ~ 4 850 13 300 - 500
Suspencez soiids 290 - 4 253 1 880 470 - 1 710 855 1 480 - 8 400 400 - 6 100 1 970 - 3 850
Nez =N 0-7.8 1.9 1.2 - 35.0 15.6 0 - 4.7 0-1. -
D-z=% 0 57.2 32.1 4.3 - 109.2 68.8 19.0 - 38.9 4.5 - 18.2 © 86.0 - 115
Prosp-zros 0 - 5.3 3.6 0 - 10.5 6.6 5.6 - 8.5 1.2 ~ 1.3 -
.2.5 32 -5295 2749 3892 - 16 392 9 388 - - -
pH 3-4.6 4,2 2.6 - 4.0 3.4 3.4 -~ 4,2 L.2 - 7.1 3.8 - 6.2
0.0. 0 -4.9 2.7 0~ 2.7 1.0 - 0.6 - 5.3 -
Acidity _ - - - - 668 - 860 19 - 223 135 - 1 010
S2ttleable solids, - - - - 60 ~ 200 10 - 100 48 - 115
ms /1
fe~perature, °C - - - - 28.5 - 33 28 - 31 30 - 3!

06
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Detailed descriptions of the physical, chemical, and bfological

characteristics of tapioca starch wastewalters are provided In lable 3, the
total COD and BOD5 concentrations in all wastewater streams vary over a

wide range. The combined waste is acidic in nature, its pH ranging from 3.8
to 5.2 resulting rrom the addition of sulphuric acid in the extraction
process and also from the release of some prussic acid by the tapioca roots.
Tapioca starch wastewater contains a very high organic load and has rela-

tively low nitrogen and phosphorus concentrations (1).

V. Waste Treatment

In terms of quality, there is little difference between wastes from
the two types of factory but there is a significant difference in quality

between wastes from the different sources within a factory. "Rcot washwater

contains mainly cork cells, sand and clay particles which are derived from
washing of the raw roots in the wash tank. Care is faken to ensure that no
clay or sand particles enter the extraction process, especially during the
wet sedson when roots retain more earth and require more thorough washing”"
(1).  These solids are easily settleable and of much lower BOD5 and COD
than the separator waste. "Because of its lower organic strength and flow
rate, washwater is much less a problem in treatment than separator or
starch supernatant waste from a tapioca starch factory. It may, of course,
be treated in combination with the separator or starch supernatant waste
but normally it will be advantageous to treat them separately. Plain sedi-
mentation was sufficient to produce an effluent suitable for reuse in root
washing. However, during the wet season when the organic load of the waste
is increased, chemical coagulation followed by sedimentation is a possible

method of treatment which might produce a treated waste suitable for re-
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cycling in the process. Qhecych‘ng of treated washwater is a desirable ob-
Jective in any tapioca starch factory" (1).
"The principal problem in handling wastes from a tapioca starch

factory is treatment of separator or starch supernatant wastes, which are

very similar in quality. Plain sedimentation of these wastes can be used
to remove gross suspended solids and reduce the levels of BOD5 and COD.
Settled separator or starch supernatant wastes, although high in BOD5 and
COD concentrations, are readily degradable using biological means. If the
combined factory waste is to be treated, the processes outlined herein for
separator or starch supernatant waste will apply equally to the combined
waste" (1).

A. Primary Sedimentation (1)

As already mentioned, wastewater from the tapioca starch separator
contains large amounts of solids, of which over 80 per cent will settle.
This indicates that a large portion of the solids and significant amounts
of organic matter present in the waste could be removed by ordinary sedi-
mentation.

In tests after one hour holding time suspended solids removal ranged
from 88.8% to 97.8%, 8005 removal from 52.5% to 79.5%, and COD removal from
62.0% to 80.2%. These results indicate that plain sedimentation is an
essential first-stage process in treatment of this waste and will be highly
efficient not only in solids removal bul also in removing organic material,
therechy reducing the load on subsequent biological treatment processes.

B. Biological Treatability (1)

"The effluent from primary sedimentation of the raw separator waste-
water will still contain relatively high concentrations of ﬂst and COD and

eomm suspended colide, s divect dinvcharge to a stream would certainly



give rise to pollution problems and some form of secondarvy Lreatment of the
waste is necessary. A laboratory study of bhatch activated <ludge Lreatment.
of settled separator waste, showed that it wa+ possihle Lo achieve an over-
all COD reduction of 70 per cent after approximately 20 hours of aeration.
With proper nutrient addition and pH control, Lhe COD removal was found to qo
as high as 90%. During these studies, it was found that yeast predominated
in the activated sludge."

C. Anaerobic Treatment (1)

“In view of the type of wastes, need for low cost treatment and the
availability of land in rural areas where tapioca starch is processed, it
is likely that anaerobic ponds will be the simplest and cheapest anaerobic
form of treatment for this wastewater in most cases. Anaerobic digestion
in concrete tanks or the use of the anaerobic contact process in more
sophisticated forms of anaerobic reactor would not be suitable fcr adoption

ational basis for the

by this industry at the present time. Therefore,
design of anaerobic ponds is necessary and estimaif§s of performance are
desirable if the overall cost of treatment is to : minimised. Anaerobic
processes are known to be effective in treatmen . dgncentrated organic
wastes but do not achieve an effluent quality e for discharge to a
receiving water. A final aerobic stage of t . is usually necessary
but the volume of aerobic reactor and cost of age
are considerably reduced as a result of the prit ?

organic matter. If -oxidation ponds are adopted .
128

e

tive) process, the total area of land needed for & Rlete treatment of

taptoca starch waste will be much less when anaero ‘:iponds are adopted as
first-stage treatment."

. b
At the present time, there are too few results available on which
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to base a formulation of the effect of detention perfod on anaerobic pond
performance in treatment of tapioca starch waste.They erable general con-
clusions to be drawn. Increased detention time at any particular 8005
loading results in increased QOD5 removal efficiency, the magnitude of the
increase being greatest at high loadings. The highest possible areal BOD5
loading at any particular detention period will give the greatest areal BOD5
removal efficiency, providing pond pH does not become limiting. In practical
terms, for anaerobic pond treatment of tapioca starch waste with a particular
BOD5 concentration, applying the raw waste at the maximum areal BOD5 loading
which will permit pond pH to remain above 6.0 in the tropics will give the
highest areal 8005 removal efficiency. Waste dilution through recirculation
or other operational technique will reduce detention time and hence can be

expected to adversely affect areal 8005 removal.
D. Oxidation Pond Systems and Aerated Lagoons (1)

1) Facultative oxidation ponds: Oxidation ponds have long been known

‘to be a lost-cost and reliable method of wastewater treatment but they take
up significant areas of land. It is possible to use facultative oxidation
pohd§ as sole treatment for a Qaste or, as might be more applicable in the
case of tapioca starch waste, as secondary aerobic treatment after first-
stage anaerobic ponds.

A study was made of the performance of facultative ponds as the
third stage treatment of tapioca starch separator waste, after two stages of
anaerobic ponds. Two facultative ponds operated i parallel, each receiv-
ing effluent from two anaerobic ponds. The facultative ponds were operated
at 8005 loadings of 1070 kg/ha day (960 1b/acre day) and 650 kg/ha day
(580 1b/acre day) with detention periods of 5.52 and 9.25 days; BOD5 removal

efficiencies were, respectively, 40 and 47.5 per cent. However, when the
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pond effluents were filtered before determining BOD;, the removal efficiencies

were 67.6 and 75.8 per cent indicating that significant portions of BOD5 con-
centration to these ponds averaged 990 mg/1 and so the effluents from the
third-stage facultative ponds were still not suitable for discharge to sur-
face waters and another stage of facultative ponds would probably be necessary.

2) Aerated lagoons: When the simplicity and low cost of oxidation

ponds are desirable but land is scarce or costly it is often possible to use
the pond type of construction for a higher rate aerobic treatment, taking up
less land. This system is termed the aerated lagoon and would be appropriate
for the final aerobic treatment of tapioca starch waste after anaerobic ponds.

An experimental fully-mixed aerated lagoon was operated in treating
the effluent from a first-stage anaerobic pond. The results show that
aerated lagoons can be used with advantage to reduce the detention time and
yet treat efficiently the effluent from anaerobic ponds to give a satisfactory
level of final effluent which could be discharged to a receiving water.

The main advantags of using aerated lagoons over multi-stage oxidation
ponds system is that land requirements are considerably reduced. However,
the facultative pond system and the anaerobic pond aerated lagoon system were
. found to be closely competitive, based on monthly running costs taking into
account land rental. The flow diagram of the two alternative systems are
shown in Figure 3 for a combined tapioca starch wastewater flow rate of 500
malday with mean BOD5 concentration of 2740 mg/1. Running costs of the
anaerobic/facultative pond system (alternative A) and the anaerobic pond/
aerated lagoon system (alternative B) were estimated to be approximately
0.85 and 0.87 per cent, respectively, of the value of the starch produced by

the factory.
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Figure 3. Flow Diagram Comparing Two Alternative Treatment Systems

Rotating Biological Drum Filter (1) i

I . , I

In recent years, the rotating biological filter has been developed

for treating wastewaters from small communities and industrial plants, and
1t would appear to be a suitable form of treatment system for tapioca starch
wastes. This type of treatment could be adopted as the sole biological
process or it could be used after anaerobic ponds where land availability is
Hmited.  The rotating biological filter system seems to be a very promising

tesatmnt process for taptoca starch wastewaters, 1t s stople and highly



lexible in operation. In those locations where land 1s either not avatlable
or costly this system will have many advantages tor small agro-industryial

factories.

F. Production of Single Cell Protein

As a result of protein shortages, increasing interest has been shown
towards the production of single-cell protein from orqan1c wastes. The
algae proliferating in facultative oxidation ponds tweating tapioca starch
wastes could be harvested and s61d as single-cell protein but this is not
considered economic at the present ffme. One other alternative is the
production of yeast using tapioca starch wastewater as substrate and thereby
achieving recycle of a useful protein by-product:.as well as accomplishing
waste treatment. The main disadvantage of this, other than technical factors,
is that a relatively sophisticated process needing careful ccatrol would be
added to the tapioca starch factory and it is un]ike]y.that small refineries
could justify such a system (1). However, larger refineries, under increasing
'government pressure, may be able to justify this additional treatment cost as
long as. there is an available market for the SCP as animal feed.

Torula yeast has been grown on tapioca starch séparator wastewater
from a first-grade factory. It was found that Torula yeast could acclimatise
and grow predominantly in the waste, reducing sugars and volatile acids be-
ing readily removed (1). Overall COD reduction was about 73 per cent and
the yeast mass contained approximately 50 per cent protein with a yield of
0.5 kg yeast per kg COD removed. However, nitroéen was required as supple-
mentary nutrient at a level of 1 kg nitrogen per 50 kg COD removed. When the
yeast was grown in non-enriched waste, the protein content of the yeast de-
creased significantly. The effluent from yeast treatment of the waste still

contained a relatively high residual COD and would require further conventional
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aerobic biological treatment before discharge.

The Symba procecs was developed and is currently in use in Sweden by

the Swedish Sugar Company to produce SCP from starch waste (3).

There are

two microorganisms that exist symbiotically in a continuous fermentor. These

are an Endomycopsis species which is able to hydrolyze starch and Candida

utilis which can use the starch hydrolysis products.

This process is de-

signed for starch based raw materials and might be able to work with tapioca

wastewaters. Literature from Chemap AG Mannedorf, Switzerland indicates

85-90% BOD5

removal and also gives the following date shown in Table 4,

Table 4

Symba Process

Example 'Felix' Plant, Sweden (13)

‘Substrate
concentration

* BOD, Entry
BOD, £xit
Putification effect
Liquid dilution
rale

Cell production
Protein content of
D.S.

Yield of D.S.

. Microorganisms

Piant 300 m?
produces

3% D.S. (starch)
20000 my/l

2500 mg/|
85-909
0.1 (approx.
10 hours residence
time)
1,05 kg/m’h D.S.

47%

40-50% ¢! the
entry (according
1o substrate)
Candida-Yeast

* 4+ Endoinycopsis

fibuliger
Approx. 300~
400kg Yeast
D.S./h :

Although both organisms exist in the fermentor simultaneously, YUz or tne

total mass is C. utilis which is an acceptable food yeast.

rJ

The starch and

organic content as indicated by BODS, of the tapioca starch wastewaters might

be too low for this process and thus prior concentration by ultrafiltration

5
§

or reverse osmosis might be feasible.



99.

VI. Cassava Press Water

ITAL (Institute de Technologia de Alimentos) in Brazil (7) has ieen

"growing Aspergillus oryzae using cassava press water as substrate. Table 5

shows the results of treating these wastes under aseptic conditions which
leads to a human grade product. The results show that the pH rose slightly
above neutrality, which is desirable, and that all the other polluting
parameters were reduced by at least 60%. The BOD was reduced by 76.7%,

73% of which was converted into fungal mass containing 40% protein. Thus,
45,000 tons of mycelia could be produced annually from the combihed waste-

waters of cassava processing plants in Brazil,

Table 5

Chemical Analysis of Cassava Press Water
Before and After Fungal Digestion (7)

Analytical 3efore Treatment After Treatment 4
Procezdure. G8 h Recducztion
g/l
co 15,0 5.0 66.7
8D 10.5 2.45 75,7
Totel solics 18.2 2.00 BL.5
Carbohydrate 7.0 1.98 7%.8
Totzl Mitrogen (Kjeldahl) 0.030 0,025 65.0
Total Fnasphste | 0.43 0.15 65,0
_pH (untits) 4.2 ?.?

Fungal mzss - 6.3

.
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%Il. Stillage from Cassava Based Alcohol Production (5)

As previcusly mentioned Brazil is considering the production of
alcohol by cassava fermentation. As with mo]asées fermentation to alcohol,
a highly polluting stillage is produced, the composition of which is shown
in Table 6. Centro de Tecno]ggia Promon foresees that this stillage will
be treated by secondary and as yet undefined treatment. Anaerobic fermenta-
ﬁion of the stillage produces methane which will particularly complement the

1
requirements for external fuel in cassava alcohol distilleries.

VIII. Summary and Conclusions

Wastewaters from the tapioca starch ipdustry are highly polluting and
constitute a major source of surface water p;11ution in regions where the
érop is processed. Particularly in Thailand, there is increasing government
concern about and interest in controlling the adverse environmental effects.
4a1aysia has also expressed concern, and Brazil is aware of the pollution re-
sulting from cassava press waters. Because of the size of the industry
and prior and present work in treating and using tapioca stafch wastewaters,
Thailand would appear to be a suitable country in which to conduct pilot
studies on utilization of these effluents,

With regard to treatment, segregation of washwater from separator
whstes are recommended with sedimentation being used to treat the wash-
Jater. At times when the organic content of the settled washwater is
high, chemical treatment before sedimentation would often produce a satis-
factory effluent. The treated washwater can be recycled and recovered solids
used as animal feed.

There 1s a range of alternatives for treating the separator waste-

Water from first-grade plants or the sedimentation tank supernatant from



Table 6
Sti1lage Composition (5)

COMPONENTS STILLAGE FROM
* CASSAVA ROOTS (%)

| Total Solids 2,40
: Organics 2,18
'Minerals 0,22
Reducing Sugars 0,68
CHO . 1,16
i Nitrogen (Kjeldahl) 0,04
Raw Protein (Nx6,25) 0,25
Protein (biuret) 0,23
| Ashes - 0,23
.'-.p‘H 5,0
Glicerol 0,73
Gums 0,60
Fibers 0,014
Fats 0,003
Waxes 0,010
S1i07 0,003
Fe03 0,030
Al 503 0,010
Cao 0,009
MgoO 0,009
P05 0,020
Na 0 0,009
K20 0,110
NaCl 0,011
S04 0,006
MnO 0,005
Iodine Nihil
Copper Tragos
BODg 209C 1,89

cob - 2,34
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from second-grade plants, which are very similar in nature. Because of
their very high BOD5 and COD concentrations, these wastes are amenable to
anaerobic biological treatment and anaerobic ponds are an effective first-
stage treatment process. Following treatment in either a single pond or
multiple stages of anaerobic ponds in series, the effluent will require
further aerobic biological treatment before being suitable for discharge.
Ihe choice of aerobic process will depend principally upon the cost and %
évailability of land near the factory. If land is available and cheap,
facultative oxidation ponds will be the cheapest form of aerobic process
and probably two stages of ponds would be necessary. Where land is more
costly or scarce, aerated lagoons should be adopted as the aerobic process
for treatment of effluent from the anaerobic ponds. Rotating biological
filtration is also a high-rate aerobic process which is suitable for
trea;ing either the effluent from anaerobic ponds or the settled raw
tapfoca starch waste and should be considered when Tand uti]isaiion must
be minimised. It is possible with all these forms of treatment system to
include primary sedimentation but this would normally only be economic
when anaerobic ponds are used if the settled solids can be sold as animal
feed. If a rotating biological filter or other aerobic treatment process

were to be adopted as sole biological treatment, primary sedimentation

?ould be necessary as a first stage (1). .

Y
{
|

i
human usage can be grown on tapioca starch wastewaters. The constraints on

Single cell protein (torula, endomycopsis) for animal feed and possibly

the utilization are
. diluted effluents, possibly necessitating concentration by
membrane systems prior to fermentation

. need for supplemental nitrogen and possibly phosphorus



* systems which are too complex for rural-agro industry in developing
countries

* necessity for additional waste treatment after yeast gr&&%h

At a recent UNEP/FAO seminar (14), 1t was suggested that this situa-
tion with regard to SCP prodgét1on could be overcome by developing tech-
nologies capable of being used at local levels and at low level production
plants such as those with 2 to 5 to?s of cassava per day processing capaci-
ties (14). If the feed lot opgrati:ﬁ can be integrated with the starch
plant, marketing, transportation and possib1y drying cdsts can be minimized
or even eliminated. However, the above constraints militate against this
form of waste handling for tapioca starch factories. Perhaps in the future,
if protein becomes in very short supply, very large tapioca starch refineries
could produce Torula yeast as part of their wastewater treatment system, but
the present conditions in rural factories do not provide the environment for
such developments in the short term (6). 1In Thailand, which is an exporter
of animal feed, there is thus no current incentive to produce SCP from
tapioca starch wastewaters.

Algae can be grown on the tapioca starch wastewaters remaining after
fermentation or other treatmenf, anéﬁeither harvested for animal feed or used
In adjacent fish ponds. However, because of harvesting and mixing require-
nents, the costs may be too high and the system too complex for rural agro-
Industry (11). Marketing the algae as animal feed might also be a problem
)recause feed producers are used to handling and using fish meal, but not
11gae.
fy Using the effluents to directly grow fish in ponds or to produce
'1gae which overflow to adjacent fish ponds might be a better application

:han algae for animal feed. Direct use of algae grown on wastes for fish
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feeding in adjacent ponds avoids tbe costs of algae harvesting, Final
effluent after the fish pond should have a BOD of about 20 ppm (11).

With respect to rural agro-jndustry, this can be a profitable way to use
food production wastes. Fish are highly nutritious and since fish are not
a new product, it would be acéeptab1e to local people, thereby eliminating
marketing problems. Transportation problems should also be minimized since
consumption can be at s tocal level. Fish ponds are also simple and local
capability to operate them is available.

"The solution Lo the problem of tapioca starch wastewater treatment
needs to be appropriale 7or the economic situation of this industry and
should take advantage of local eavironmental conditions. Unfortunately the
economics of the tapioca starch industry are such that it is unlikely that
factories could adopt sophisticated waste treatment processes utilising
expensive equipment and therefore low-cost methods are essential. An
additional incentive to adopt simple wastewater treatment methods is the
inadvisability of addiﬁg a complex waste treatment process to a factory
where essentially simple processes are used and skilled dberating staff are
not available. These conditions apply to many agro-industries in developing

countries and the general need for rational local solutions is apparent" (1).
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COCONUTS

The major countries which produce coconuts are the Philippines, Sri Lanka,
India, Indonesia, Malaysia, Mexico, New Guinea, and Thailand (1 2). The
Philippines is the leader in coconut production, supplying 33% of the world's
total production (3, 4) and Sri Lanka is second. Ivory Coast is expanding their
coconut production to export more copra. Total production of coconut in the
world is about 30 x 109 nuts per year (3).

The above statistics show that coconut which is good source of protein, is
readily available in countries where protein deficiency prevails (5). The
uniqueness of coconut protein is that it is relatively high in methionine, an
amino acid often deficient in plant proteins (6). Because the main emphasis in
these countries is to produce copra, coconut o0il and use for domestic consumption,
none of these usages results in an optimal utilization of the available coconut
protein.

I. Coconut Trees (Sri Lanka - Coconut Research Institute)

Coconut trees begin bearing after five years and continue for 60 years on
the average, though some bear for 100 years or more. The average yield is 50-60
coconuts/tree/year, but some will yield up to 120 nuts/year. Ordinarily, the
tree will grow one frond and one coconut bunch per month. Twelve months are require
for a coconut bunch to ripen and be ready to pick. On the average, nuts are picked
every two months. May and June are the best months, however, and 25% of the coconut
are obtained during this period. The coconuts will not spoil if they remain on the
tree too long, although they may sprout.

If the coconut trees are set too close together, they will not bear, and if
they are too far apart the total yield per acre is poor. At 190 trees/acre the
yield will be one nut per tree per month. The optimum spacing is 64 trees/acre,
where the yield is 5 nuts/tree/month. Because of the necessary wide spacing of the
trees, attempts are being made to develop a crop which can grow between the trees.
The best to date is grass for pasture.

Coconut blossoms can be pierced and sap containing about 15% sugar will
extrude at the rate of about 2 1/2 pints/tree/day. Since the blossoms are high in
the air, aerial ropeways are made, which enable one man to collect the sap from
60-70 trees/day. Individual blossoms can be kept extruding syrup for as much as
2 to 3 months, and since each month a new blossom forms, a tree can easily produce
100 1b./year of sugar. The fresh sap is known as sweet toddy and readily ferments
to an alcoholic beverage, toddy, which when distilled gives arrack. Currently the
still bottoms are unused. The trunks of the coconut trees contain a soft center
which can be readily scraped out. The hollow trunk is thick enough that 2 x 4
lumber for studding and rafters can be cut from it. However, it is so hard that
it is difficult to work, for it quickly dulls carpenter's tools. Also, it has a
peculiar grain with needle-sharp fibers which are very objectiorable. Because
the fibers are so long, the wood cannot easily be worked crossways.

The fronds are used for house roofs and fuel and an attempt is being made to
use them as match sticks.
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The nut weighs approximately 1 kg. Of that, about half is husk, 200-250 g
is shell, 200-250 g is meat (copra), and 150-200 g is coconut water from the
center. The copra when dried weighs roughly 80 g and is about 62% 0il. There-
fore one acre of coconut trees yields approximately 500 1b/yr 0i1 and 300 1b/yr
oil-free cake (poonac).

II. Components of the Mature Coconut and its Composition

The structure of the mature coconut is shown in Figure 1 and the weight
composition given in Table 1.

TABLE 1

Weight Composition of Coconut Parts (7)

Husks ~- 28%
Shell -~ 19%
Meat -~ 36%

Coconut Water -- 17%

Husk: The outermost fibrous part of the coconut which consists mainly of (7)
fiber (43 wt %) and lignin (43 wt %), offers very little nutritional value.
Shell: Has a very hard and tough fibrous cover and its composition is shown in
TabTe II. _
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FIGURE 1 - Structure of the Miture Cocohut



TABLE 11

Composition of Coconut Shell (8)

Moisture
‘Ash '

Solvent Extractives

Lignin
Pentosane

Uronic Anhydrides

Cellulose
Methoxy1
Nitrogen

Testa is the outer thin layer or skin, over the kernel or coconut meat and the

-- 8% (wt)
-- 0.6%

-~ 4.2%
--29.4%
--27.2%

-- 3.5%
--26.6%

-~ 5.6%

-- 0.11%
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corposition of testa meal (after removal of testa by paring) is shown in Table II
Testa is 12-15% by weight of the kernel (9).

TABLE 111

Composition of Testa (g/100g)

Moisture
Protein
Fat

Ash

Carbohydrates

Thiamine
Niacin
Raw Fiber

-- 0.717 mg/100g

4.8
17.2
7.9
4.7
65.3

4.47 mg/100g
10%

Kernel or coconut meat composition is shown in Table IV.

TABLE IV

Composition of Coconut Kernel (10)

Moisture
Ash

Crude Fiber
Protein

52.5% (wt)
2.5%
9.47%
8.47.
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Coconut Water - The composition of coconut water is shown in Table V. Since this
material has an environmental impact, certain water pollulion parameters are
shown in the analysis. Vitamin content and amino acid profile of coconut water

are shown in Table VI.



TABLE V

Composition of Coconut Water (11, 12, 13)

Nutrient

Moisture
Protein

Fat

Ash

Crude Fiber
Carbohydrate
Total Solids
Total Sugars
Calcium
Phosphorous
Iron
Thiamine
Riboflavin
Niacin

Suspended Solids
Dissolved Solids

Total Volatile Residue

BOD
cop

Specific Gravity

pH
0il

g/100 ml. of coconut water

90.58

0.33

0.928

0.62

0.0

3.54 (g/100 q)
4.71

2.08

14.1 (mg/100 g)
6.4 (mg/100 g)
0.3 (mg/100 g)
0.002 (mg/100 g)
0.006 (mg/100 g)
0.06 (mg/100 g)
1,100 ppm
28,060 ppm
18,600 ppm
14,000-15,000 mg/1
30,000-40,000 mg/1
1.02

5.6

0.74 ¢/100 ml
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vitamin and Amino Acid Content of Coconut Water (12)

TABLE VI

Vitamins Present in Coconut Water

Amino

Ascorbic Acid
Nicotinic Acid
Panthotenic Acid
Riboflavin

Folic Acid

Acids Found in Coconut Water
Glutamic Acid
Arginine
Lencine
Lysine
Froline
Aspartic Acid
Tyrosine
Alanine
Histidine
Phenylalanine
Serine

Cystine

2.2-3.7 mg./100 ml.
0.64 microgms./ml.
0.52 microgms./ml.
0.01 microgms./ml.

0.003 microgms./ml.

14.5%

12.75%
.18%
.51%
.12%
.60%
.83%
.41%
.05%
.23%
.91%
17%

N NN W s s N
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III. Traditional Uses and Processing of Coconuts

Coconuts are primarily used for the following purposes:

. Domestic culinary purposes - coconut milk, coconut oil
+ Copra manufacture

Coconut 0il1 from copra

Desiccated coconut

Copra and Coconut 0il

Coccnut is the raw material for copra (dehydrated coconut meat) which in turn
goes into *he manufacture of coconut oil. In the Philippines, Sri Lanka, and
Thailand, copra is the main industrial use of coconuts.

Copra is produced at the nome or village level by drying the coconut meat
following dehusking and cracking the shell. The coconut water is usually wasted
in the process, but is not of environmental concern since the plants are small
and Jocated in rural areas. A typical composition for copra cake is shown in
Table VII.

TABLE VII
Typical Composition of Copra (14)

Components Weight %
Moisture | -- 5-7
Crude Protein (N x 6.25) -- 8-10
0il -- 60-70
Crude Fibre -- 4-5
Carbohydrate -- 10-13
Ash - 1-2

There are basically three methods for making copra (15):

+ Sun drying
» Open kiln drying
« Machine drying
Sun drying of the open coconut halves is done on large plantations or in small

villages. Exposure to the sun is for three to six days and there is a high chance
of mold formation and insect infestation due to

» General unsanitary conditions

. Tropical climate which causes residual moisture
to be present, thereby enhancing mold formation
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It has been reported that :0% of the oil is destroyed in this traditional process
of copra making (14).

In Sri Lanka, the opened nuts are spread on a concrete sizp in the sun for
about 2 hours, and then are dried for about 2 days on screens over a low fire in
kilns down to 6 to 7% moisture, during which the meat shrinks sufficiently that
it breaks free from the shell. The final dried meat in querters and half nuts
is packed in 120 1b. quantities in burlap bags for shipment. It is graded quite
carefully for evidence of mold damage, as Aspergillus niger and Aspergillus
flavus will attack the meat, discolor it, and impair the oil if it is not suffic-
iently dry. Another factor which is important is excessive heating or smoke
damage during drying, which lowers the quality of the 0il and the oil meal cake
(protein denaturation (16)).

In kiln drying, shells and husks are burnt and the hot air is blown over the
opened halves. In Sri Lanka, copra is sun dried for two hours before being
transferred to the copra kiln (9). The high temperatures (sometimes 100 C) in
the ovens result in protein denaturation (16). Kiln drying can lead to a clean
copra which is used in India for flavoring and seasoning vegetables (17). Other
human food usages of clean copra and copra cake (residue after oil extraction)
in Sri Lanka and Indonesia have been reported. Many hot air driers, however, do
not reduce the moisture lTevel low enough and mold infestation occurs during storage
of the copra prior to 0il expression. Modern kiln drying, which is relatively rare,
produces the highest quality of copra (15).

After collection, copra is then exported for production of coconut 0il or sent
to local copra mills. At the mill, coconut o0il is obtained by mechanical expressio-
or solvent extraction (hexane) of copra. Copra cake, thedresidue from expression
may be solvent extracted to yield defatted copra meal. The raw coconut oil is
refined to remove any free fatty acids formed during the 0il extraction and is then
used in the manufacture of cooking oils, soaps, and cosmetics. The residual oil
after extraction of the copra cake ("poonac" in Sri Lanka) is used by the soap
industry or for manufactureof fatty acids and glycerine (17).

A typical composition of copra cake is shown in Table VIII.

TABLE VIII

Composition of Copra Cake (7)

; Moisture -- N%
0i1 -- 6%
Protein -- 19.8%
Carbohydrates -- 45.37
Fiber -~ 12.2%
Ash -- B5.77

Generally, due to low quality, the copra cake or meal is not fit for human consump-
tion and is used as supplementary feed for cattle, pigs and poultry. In Sri Lanka,
sediment poonac is a residue recovered from filter pads of presses used for strain-
ing mill oil. The protein concent of sediment poonac (on an oil free basis) could

be as high as 38.2% (dry weight). Hydraulic and expeller press poonacs range between
16.2% and 26.3% protein (9). More sanitary drying, storage, and processing could
lead to human grade copra cake.
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Desiccated Coconut

Desiccated coconut is produced primarily in the Philippines (100,000 metric
tons per year) with smaller production in Sri Lanka and one plant in Indonesia.
The raw material is fresh coconut and a process flow sheet is shown in Figure
2 (12) and a material balance summary in Figure 3. There is very little domestic
consumption of the desiccated coconuts as the entire production is exported.

Production of shredded coconut is a much more exacting operation than the
production of copra for it is intended for human food. The steps in Sri Lanka are:

1. Hulling

The coconuts from which the husk has been removed are carefully hulled by
striking the shell a glancing blow with a hatchet-like tool. Part of the hull
will break away from the brown skin over the meat. Considerable skill is developed
in hitting the remaining attached pieces of hull to remove them without chopping
into the meat portion, and an experienced and skillful operator can remove the
shell completely with some 20 to 24 glancing blows and leave the meat with brown
skin intact. She is expected to hull 2,200 nuts per eight hour day and for this
she gets $1.15. The hullers operate from small bins and were kept supplied by
several people carrying coconuts to them in baskets from a large pile about 200

feet away.
2. Peeling

The hulled coconut meat is covered with a brown branny peel which must be
removed, otherwise it will impair the color and quality of the finished products.
After hulling, the intact coconut is tossed to another operator, who removes the
peel with a potatoe peeler-type knife set to cut a thin layer. The whole peeled
nuts are then tossed into a tank where they are washed somewhat, and cut open by
a_third operator to release the water inside. The nut meat is cut in quarters and
Placed in iron baskets of about a bushel capacity and pasturized in boiling water
for about 1.5 min. There is a rather unique device for controlling the time in
the boiling water. A deeply threaded rotating shaft is suspended over the hot
water bath which is approximately 6 feet long. The basket is hung on the shaft
and as the shaft rotates, the basket moves fron one end of the tank to the other.
The time of travel is considered adequate to pasturize the coconut pieces. The
chief concern is about the presence of Salmonella.

3. Shredding

The pasturized pieces of coconut meat are placed in the barrel of a rotating
knife and fed into the knife with a manual Tevel operated by two men.

4. Drying

The shredded coconut meat, which consists of fragments about 1/8 in. x 1/8 in.
by 1/2 to 2 in. long, is spread about 2 in. deep on trays and dried to 6% moisture
by indirect heating 130 F air from a wood-fired furnace.

Two residues result from desiccated coconut manufacture: parings and coconut
water. The parings or testa are removed before the meat is sent for washing and
pasturizing. These parings contain a high amount of 071 and protein as shown in
Table III. Either at thr desiccated coconut factory it.elf, or at separate paring
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mills, paring oil is recovered by expression and/or extraction. Paring oil can
be used for edible 0i1 manufacture, e.g. filled milk in the Philippines or for
soap manufacturing. The paring meal which remains after o0il extraction generally
goes to animal feed manufacturers. Though the composition of the paring meal

is about the same as copra cake, it is generally believed to be better as stock
feed because of higher vitamin content (9). According to the United Coconut
Association of the Philippines, about 70% of the paring meal is exported and 30%
is used domestically.

When the coconut is broken and pared, the coconut water spills onto the
factory floor, from where it is washed into sewers. The washwater also goes
to sewers and in some plants, both are dumped into waterways without further
treatment. Where there is wastewater treatment prior to disposal, coconut water
and washwater are treated together as shown in Figure 2. This will be discussed
further in a later section.

Domestic Consumption of Coconuts

In the Philippines and Indonesia, a smaller usage of coconuts is in vi’lages
or individual homes to produce coconut milk or o0il which is used for cooking and
condiment purposes. In Sri Lanka, Thailand and other countries, this usage
consumes the major proportion of coconuts. '

The coconut is first opened, the meat scraped out, and then squeezed with
water to produce coconut milk (called Santan in Indonesia). Coconut milk is an
emulsion of water and 0il. By letting the coconut milk stand for a while, a
top layer consisting of oil and water results. Skimming off this layer yields
a skim milk. In the Philippines a very popular dessert, "nata-de-coco", is
made from skim milk and coconut water by growing a species of vinegar group of
bacteria in sugared coconut skim milk and coconut water media (19).

A very popular cooking/frying oil, used by average households in Indonesia
called "klentik 0i1" is prepared by boiling-off coconut milk (20), prepared as
above. This type of 01l preparation is usually carried out in villages employing
three to five people, and is able to process 200 to 300 units per day. Husk and
coconut shell are burnt to provide heat for the boiling process. Upon compietion
of the process, two types of products may be obtained, i.e. coconut 0il (klentik
0i1) and oil residue or curd, which presumably consists of protein, carbohydrate
and some minerals. After pressing, the curd may contain 7.5% oil and 13.8%
moisture. This composition is shown in Table IX along with composition of forms
of processed coccnut.
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TABLE IX

Composition of Coconut and its Residues (20)

Product Protein Fat Moisture
' % % %
Fresh coconut meat 3.1 31.0 50.0
Copra 8.2 65.0 4.5
Copra cake 1/ 28.0 18.0 12.0
Desiccated coconut meal 2/ 18.6 2.0 15.8
Grated coconut residue 4/ 6.9 24.7 7.2
Coconut 011 residue 4/ 22.2 7.5 13.6
Copra curd 5/ 4.5 38.8 55.0

——

1/ cold pressed, 2/ after solvent extraction, 3/ after coconut milk
separation, 4/ residue on evaporation of coconut milk, 5/ milk
fermented with starter.

A common method used in Indonesia villages is the production of the so
called "bachin 011" (20). In this process, the residue from klentik o0il
production is allowed to decay, espcially the protein fraction, which facilitates
the liberation of the remaining 0i1 when the dried-decayed product is pressed.
This oil may be used only for industrial purposes.

As shown in Table IX, the residues from coconut milk and coconut o1l
production have nutritive value. However, these residues are largely wasted. In
Thailand, they are used as chicken feed and occasionally used as animal feed
elsewhere. For example, the residue from home preparation is used if there is
a backyard piggery. Reportedly, in Ciamis, Indonesia, the residue is toasted
and used as human food. Also in Indonesia; Semaji is prepared from residue and
Jongkrek from copra cake by lactic fermentation (27). Both products are used
for human consumption.

Generally, the coconut water which is released in grating the coconut is
liscarded. In India, the coconut water is drunk and reportedly also used for
nedicinal purposes (17). In the Philippines, when the nuts are grated at the
narket place, the coconut water is collected if there is a vinegar or nata
orocessor who will buy the water regularly. Otherwise, the coconut water is
discarded (13).

coconut Flour

Production of flour directly from dried, ground fresh coconut meat and from
residues has been and is currently of interest. Dr. Engle, Nutrition Adviser,
JSAID, indicated in a recent article in Export Adviser, (22) that the potential for
oroducing coco-flour for domestic consumption and import was great in the
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Philippines. About 400,00 metric tons per year of wheat flour which is currently
imported to the Philippine., could be replaced. Dr. fngel's findings revealed
that bread made from coconut-whea! flour mixture has the ame nutritional value

as pure wheat bread, and the appearance of the product is not affected. Coconut
flour could also be used in various other products such as cereals.

At one time, a protein rich mixture (CMM) was produced from mung bean flour
(60 parts), coconut flour (35 parts) and nonfat dry milk (5 parts) (23). This
was intended to be used as a protein supplement for infants and pre-school
children. Flour was made on an experimental basis from fresh coconuts by both
Franklin Baker and Blue Bar. Noodle type products were also made with coconut
meat, hexane extraction was used to defat the meal. Though this plant no longer
produces coconut flour, hexane extraction is too expensive and Dr. Sison now
recommends just pressing the meal to leave some oil in the flour for color. Dr.
Santos of Saginco also recommends leaving up to 5% 0il in the flour for baking
purposes.

t.

At Blue Bar, flour was produced by grinding dessicated coconut following
01l extraction. Dessicated coconut is about 60% o0il and will keep from 6 months
to a year. The flour from extracted dessicated coconut will keep for about 18
months. Because dessicated coconut is so high in 0il, it cannot be ground with-
out extracting the oil beforehand. However, if it is pulverized too small, the
protein is denatured by heat and turns brown. If this is avoided, up to 25%
coconut flour can be added to bread with satisfactory results. Blue Bar stopped
making flour after a solvent-related explosion.

Flour made from paring meal was previously used in school buns (Nutur buns)
in the Philippines. However, this effort was unsuccesful because of the resultant
color, taste, and loaf volume of the baked products. The high fiber content of
the paring meal (11%) also makes it difficult to use as flour.

A pilot plant, partially financed by the Philippine Coconut Research Develop-
ment Foundation, to produce 1 ton/day coconut flour was expected to be finished
by March 1977. Twelve tons of fresh coconut (12,000 coconuts) would yield 3 tons
of coconut water and 3 tons of dessicated coconut. Shreds of the latter would be
pressed in a water-cooled screw expeller to give roughly 2 tons of 0il and 1 ton
of meat, which would contain 10% 0il or less. The meat would then be ground to
flour. Because expelling occurs at low temperatures, the flour should be suitable
for human consumption.

Another method to make coconut flour is by way of edible copra, a process in
which Mr. Catanaoan has participated in Western Samoa. Here copra is produced
hygenically, shredded to chunks, dried to 4% moisture, expelled to remove most
of the oil, solvent-extracted, and pulverized.

There are currently no plants producing coco-flour in the Philippines, due
probably to the following factors:

Coconut market dominance by copra production

Poor past experiences in marketing coco-flour based
products

Limitations in using parings and copra meal/cake for
flour

No ready market



120,

Coconut flour could readily be produced and there are plenty of coconuts
available, but existing processors are reluctant to spend time and money to
manufacture the flour, and there are currently no plants producing coco-flour
in the Philippines. This is due to the following factors:

. No ready market

. Poor past experience in marketing coco-flour based
products

. Coconut market dominance by copra

The Philippine Government collects a tax on coconut exports of which copra based
products are the largest. Much of the copra is expelled in the Philippines and
most of the copra cake is shipped to Europe for high protein supplement in animal
feed. The price in Europe is $165 per metric ton delivered, with about $35 freight,
making the price in the Philippines about $130/ton. Mr. Catanaoan thinks that
this is much too low and that the price should be $200/ton in the Philippines.
However, Mr. George Uy of Optima Scientific Consultants, Inc., indicated that the
Philippine govnerment is interested in requiring flour millers to enrich flour
using coco-flour. There are already activities toward producing coco-flour on a
commercial scale, and people are waiting for the Board of Investment to give the
go-ahead.

V. Residues and Wastes

Husks (Coir Production)

The husk is a residue produced in factory, village, and home usage of coconuts.
Husks are used for fuel in factcries and to produce hot air for dehydrating
coconuts in hot air driers to produce copra. A large part of the supply of husks
is not used because it is dispersed all over the countryside and collection is
difficult. For example, only 0.2 of the husks are used in the Philippines for
fiber extraction (7).

In Sri Lanka, husks are allowed to float in a pond for approximately one month
to allow the binder molecules to degrade sufficiently that the fibers could be
separated. The husks are then fed by hand into a rotating disintegrator, an
operation that would never pass OSHA muster. The fibers that result are spun in
a cylindrical basket to separate coir dush. The best fiber (coir) is used for
wallboard type products and ropes, second grade fiber is used for mats, and third
grade fiber is used for stuffing mattresses and cushions. The coir dust for the
most part has little use except as a soil conditioner, and enormous stacks amount-
ing to thousands of cubic feet of it accumulate near plants processing husks to
fiber. The dust is poorly combustible, degrades very slowly and picks up water
readily. Annually about 60,000 tons of coir dust are produced in Sri Lanka and
coir dust is the biggest byproduct disposal problem facing the coconut industry.

The Industrial Development Board of Sri Lanka (IDB) has been interested in
making board, wallboard, and fuel briquets from coir dust. The difficulty with
forming boards is that too much pressure is required, and no good resin has been
found for permanent bonding. There has been some success in making fiberboard
from coir dust and rubber Jatex. There is a Swiss extruder that dries coir dust
from 80% to 15% moisture with heat, then compresses it to briquets. However,
briguets by this process cost Rs. 350/ton ($40/ton), while firewood is only
Rs. 100/ton ($11/ton), mainly because the equipment is rxpensive (Rs. 2 to 3
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million, which is $220,000 to $330,000), and the drying step is costly also.
A German press, made by Lohmann and Company of Breman, evidently does not
remove moisture by heat. It is much less expensive (DM G3,000, or $25,000),
and is portable, so it can be moved from one coir dust pile to the next. No
binder is required.

FRI, Dehradun, India has worked on high stretch paper with 10% long fiber
pulp from coconut husk. Tate and Lyle Ltd., of England, suggest the use of
coconut fiber waste as a medium for crop growth; e.g. mushrooms. With additions
of water and slow release nitrogen compounds, this waste can be used to grow
crops in old drums underneath elevated houses during the rainy season.

Research crossing departmental lines between chemical and mechanical
engineering is underway at the University of the Philippines, Diliman, to
convert agricultural wastes, particularly coconut, to energy. Two types of gas
were being produced: by carbonization or coir dust a gas of 400 Btu/ft3, and by
burning and spraygng with water a producer gas of 100-150 Btu/ft3. This compares
to the 800 Btu/ft° gas in Quezon City. The coir dust burns with a heat of combu-
stion of 7,000-8,000 Btu/1b.

Shells

After the husk is removed, the coconut shell is broken to expose and allow
removal of the kernel. In domestic use, it is thrown away as waste. In industries,
it is burnt in the furnaces for fuel, thereby making most of these industries,
energy self-sufficient. The places of production of these are (i) Industries,

(i1) Farms, (iii) Domestic usage. Shells are not considered to be an environmental
problem. Shells produced domestically are not put to their best use because
collection from individual households is a difficult task.

Additional uses of shells include manufacture of handicrafts, furfural, and
activated carbon. Because of the increasing demand for charcoal in water and
wastewater treatment, an industry potential of 571,000 metric tons per year is
seen for the Philippines (25). In Sri Lanka, shells are often burned, though some-
times made into charcoal, when the plant producing the shells and other coconut
products is burning firewood or fuel oil. In dessicated coconut plants, the shells
are placed in brick-lined pits about 6 feet deep and 12 feet in diameter, ignited
from the top and burned slowly, leaving charcoal behind. The charcoal has very
high absorptive power and is bought by the Japanese for bleaching sugar and syrups.
In India, NCL Poona has worked on the destructive distillates of coconut shell.
FRI, Dehradun, IPIRI, Bangalore have worked on coconut flour as a filler for
synthetic resin glues, filter and extended for phenolic moulder powder (26). The
shells are high in cellulose and therefore could be a potitial source of glucose
and/or single cell protein. Much research is being done on such conversion of
cellulosic wastes (27).

Copra Cake

As shown in Tables VIII and IX, copra cake or meal has a high composition of
essential human nutrients. However, because of primitive drying methods, tropical
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climate and unsanitary storage conditions., infestation by insects and formation
of molds producing mycotoxins renders the copra cake unfit for humans. It also
sometimes causes the rejection for animal feed and increases the necessary degree
of coconut oil refining. Also, the expellers for extracting coconut oil are
commonly run at temperatures which denature proteins. It is estimated that
worldwide, 200,000 metric tons per year of coconut protein are lost (5, 25) due

to the conditions in copra manufacturing. As mentioned before, 30% of the
available oil is also lost.

There is interest in producing clean copra so that the cake can be used for
human consumption. Dr. Dardjo of the Chemical Research Institute in Bogor,
Indonesia, proposes that human grade copra as a protein source can be made by
improving the method of 0il1 separation/extraction. The Asean Coconut Community
is seeking funding for research to isolatc protein from copra meal. In Indonesia,
Bongrek for human consumption is made by a fungi (Rhizopus) fermentation of copra,
copra cake, and the residue from coconut milk production. However, typical moldy
copra cake resulting from poor drying would not be suitable. Production of
Bongkrek is a cottage industry. Incomplcte and poor fermentation lead to growth
of a pseudomonas strain which makes the Bongkrek toxic. However, if done
properly, « high fiber source is converted to a protein rich food (29).

There is interest in the Philippines for producing flour from copra cake.
Alternate approaches to drying and producing coconut o0il starting with fresh
coconuts and employing rigid sanitary conditions, must be used to obtain good
grade copra cake for making flour. Improved drying seems to be the key to
producing clean copra. The temperature should not exceed 110°C so as to avoid
protein denaturation (16), and residual moisture should be Tow. Sanitary storage
also appears to be necessary. Two proposals have been received for rural
integrated coconut processing centers to produce edible coconut 0il and edible
coconut flour.

Dr. M. Santos of Saginco and Mr. C. ing have developed a field drier for copra
to be used at the village level to produce a high quality clean copra (25). The
traditional drier does not reduce water low enough to prevent growth of molds.
Their drier which uses indirect air drying and is fueled mainly with coconut
husks, would allow the dried copra to be stored without significant deterioration.
It is intended that a flour company will buy the clean copra, sell the oil
obtained by cold pressing as cooking 0il and meke flour from the pulverized,
defatted meal. Dr. Eng and Mr. Santos propose to combine coconut flour 50:50 with
banana flour to produce "banco", a flour with a protein content of about 11 to
12%.  This can be used to replace up to 10% of the wheat flour which is imported
to the Philippines. Their plant is designed to produce 18 tons/day of refined
coco oil and 9 tons per day of flour from 10,000 nuts per day. They plan to
leave about 5% oil in the flour to provide o0il for baking.

Dr. del Rosario of the Institute of Mutrition, Philippines Women's University,
has proposed a program for "Agro-Industrialization of the Coconut Industry through
Rural Processing Centers" (26). The plan involves establishing several drying-
expelling plants in rural areas, with a central piant for oil refining and meal
pulverizing. The rural drying-expelling plants will produce crude oil from the
dried coconut and the coconut meal which still contains some oil. In the refining
plant, the 0il will be refined to a high grade cooking 0il, and the meal solvent
extracted and pulverized. The defatted, pulverized meal will be used as flour.
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There has been extensive work done at NIST of the Philippines by
Dionisio T. Solon and Estelita M. Payumo to develop coconut flour from either
fresh coconut or copra cake or medl. They have manufactured products ' ke
coconut-Mung Bean-Nonfat Dry Milk mixture.

Dr. E. J. del Rosario, Department of Chemistry, University of the Philippines,
Los Banos is studying the use of cellulase to reduce the crude fibre content of
fresh and desiccated coconut, copra meal and coconut expeller residue (10). This
treatment increases the 01l extractability of the various coconut meat products
as well as improving the digestibility. Another approach to reducing the fiber
content of flour made from the above coconut meat products is air classification.
Air classification might be able to increase the protein content to 30-35%.

An alternate approach to producing coconut 0il is the aqueous process using
fresh coconuts developed by a Texas A&M group and Tropical Products Institute
(14, 28). These processes allow recovery of premium 0il, food grade protein, and
fiber products. With regard to oil yield, a comparison of traditional copra
processing with wet processing is shown in Table X.

A pilot study at Cebu City, Philippines of the Texas A8M process has just
becn completed. Tropical Products Institute stopped their wet processing project
because the economics looked unfavorable compared to the traditional methods
of producing coconut oil from copra.

Parings

The parings from desiccated coconut manufacture go to a drier and then to an
expeller. Crude paring oil produced in the expellers is filtered and sold to
manufacturers of edible 0il. Paring 0il is used in filled milk as a replacement
for butter fat in the Philippines. The expeller cake (paring meal) is sold as
animal feed. Pacific 0il and Vegetable Company reportedly uses hexane to
extract oil from the cake after the expellers. This reduces the o0il from 8% to
1-2%, and the defatted cake is exported for animal feed.

The composition of essential human nutrients in parings is higher than in
fresh coconut meat. There is interest in the Philippines in making coconut flour
from parings. This has been previously described.

Dr. Acena of the Philippines has decveloped a process for the production of a
low-fat, high-protein non-denatured flour from coconut parings (30?. The coconut
desiccating plants in the Philippines currently produce about 60,000-70,000
pounds/day of coconut paring meal and Dr. Acena's process could produce a food-
grade material from this by-product of the desiccated operation.

Coconut Water

Coconut water is wasted from individual home usage of coconuts, village scale
production of copra, and factory production of desiccated coconut. However, only
the release of coconut water from desiccated coconut factories has significant
environmental impact because of the large number of nuts processed and the
resultant large quantity of washwater and coconut water rcleased.

The composition of coconut water is shown in Table V. The wastewater from a
desiccated coconut plant consists of wa<h water (3,000-4,000mg/1 BODs) and
coconut water (14,000-15,000mg/1 BODs), and the combined effluent has a BODs of



0i1 Yields: Copra Versus the Wet-Coco Process (15)

Process

% loss of
original fruit

wt. of oil
available for
extraction

% overall
yield of oil

wt. of oil
recovered

TABLE X

Basis 1000 1b. of fresh coconut of 37.5% oil content
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Copra Wet
30% 207% . Nil
262.5 ib 300 1b 375 1b
90% to 95% 90% to 95% 70% to 80%
236.3 1b 249.4 1b | 270 1b 285 1b | 262.5 1b 300 1b
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about 6,000 ppm. A typical effluent analysis is given in Table XI. Due to the
plant growth factors in coconut water, untreated wastewater from the Franklin
Baker plant in San Pablo had caused downstream rice plants to grow tall and
rapidly without the simultaneous growth of rice. Because of this, a wastewater
treatment system was installed at Franklin Baker.

A large volume of wastewater is generated in a desiccated coconut factory.
For example, in Sri Lanka, about 500 gallon: of washwater result from an average
mill processing 50,000 nuts per day (24). This portion of the effluent contains
about 1% coconut 0i1 and about 0.5% protein. The Blue Bar desiccated coconut
plant in the Philippines opens about 300,000 nuts per day (12), thereby releasing
approximately 24,000 gallons of pure coconut water plus about 200,000 gallons of
process water. The Franklin Baker plant in San Pablo, Philippines, processes
about 500,000 coconuts per day and wastes 160 tons per day of coconut water.
Forty tons of water per day are wasted at their plant at Gavao del Sur in
Mindanao, Philippines (11). ‘

In the Philippines, there are five desiccated coconut factories, and
wastewater effluent from desiccated coconut factories is a major environmental
concern in the Philippines. Dr. Garcia of the National Water and Air Pollution
Control Commission indicated that they plan to file suit against one major
desiccated coconut company if their wastewater treatment is not improved.
Following wastewater treatment, the effluent having a BOD; of 3,000-4,000 ppm BOD*
is discharged to a waterway. The anticipated discharge sgandard is 50 ppm BODsg,
which will be difficult to meet. In Indonesia, there is little concern over
environmental impact. Hence, the major environmental impact and concern over coconut
water is in the Philippines.

A flow diagram for wastewater treatment in a desiccated coconut factory is
shown in Figure 4. At the Franklin Baker plant in San Pablo, the combined
wastewaters (COD 6,000 ppm) first goes to a rotary screen. This is followed by a
dissolved air flotation unit for oil recovery, with the effluent then going to an
aerobic basin. A clarifier follows the basin, from which oil is skimmed and a
final effluent with a COD of about 2,000 ppm is discharged. The recovered solids
from screening go to the parings dryer, and the scum from the clarification
chamber is rendered into an oil which is sold to a soap manufacturer and a protein
fraction which is burned or discarded. The protein fraction might be useful for
animal feed. At the Franklin Baker plant in Devou, the wastewater is dumped into
the ocean after screening. The Blue Bar factory currently recovers the entrained
oil by settling and flotation, without further treatment.

In Sri Lanka the liquid from washing the kernel containing 1% oil and 0.5%
protein is settled, often with the coconut water, until the protein coagulates
through fermentation and rises to the top (24). This is boiled down and pressed
to recover "drain 0il1", while the protein-rich residue is used for fertilizer
and the 1iquid effluent dumped. Work is underway at Ceylon Institute of Scientific
and Industrial Research to make this separation without subjecting the protein to
fermentation.

The current wastewater treatment methods for desiccated coconut effluent are
inadequate, and as previously mentioned, the effluent is considered to be a serious

* The Franklin Baker effluent at San Pablo has a COD of 2,000 ppm.



TABLE XI

Typical Analysis of Effluent Hater From

a Desiccated Coconut Plant (12)

Acidity

Chlorides
Nitrogen-Nitrite
BOD

Settleable Matter
Phosphate

Phenols

Sulfate

Suspended Solids
Volatile Suspended Solids
Turbidity

pH

Grease & 0il

Temp

Pure coconut water BOD
'Process Water BOD

Acceptable Effluent BOD

H]

H

759
722
0.12
5,800

42.5
4.8
133
184
180
220
6.3
76 PPM
970F

14,000 - 15,000 mg/1
3,000 - 4,000 mg/1

50 mg/1 or less
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mg/1
mg/1
mg/1
mg/1

mg/1
mg/1
mg/1
mg/1
mg/1

Jackson Unit
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pollution problem. Both Blue Bar and Franklin Baker are considering making
products from the pure coconut water, thercby offsetting waste treatment costs.
The BOD of the remaining effluent will simultancously be reduced so that it can be
more easily treated to conform to pollution control standards.

Coconut water, which has the composition shown in Tables V and VI, is an excel-
lent fermentation medium. Due however to the Tow sugar and high water content,
concentration prior to fermentation by reverse osmosis or evaporation improves this
quality and eliminates the need for supplemental sugar. Reverse osmosis may be
preferable to evaporation because of lower fuel requirements. Also, use of surplus
molasses where available, could be used as a sugar supplement for fermentation and
minimize or eliminate the need for prior concentration.

Dr. J. Sicon of Blue Bar (12) in the Philippines has proposed a scheme for
utilization and disposal of coconut processing wastewater shown in Figure 5. The
coconut water comes out during nut cracking and trickles into a canal in the middle
of the floor, where it picks up dirt. The water then goes to drains when the floors
are washed, and then to the treatment plant where it is combined with process water.
UtiTization of coconut water will require much more sanitary conditions for collection
of the coconut water and segragation from the process water. Since coconut water is
putrefactive, processing should be immediate and continuous.

Blue Bar is now piloting the production of toruia yeast, destran, and vinegar
by fermentation of the coconut water. At this time, the coconut water is not being
concentrated prior to fermentation and dextran production by Leoconstoc Mesenteroids
requires the addition of sugar. The dextran, a bacterial polysaccharide used as a
gum in various funds, is intended for export.

An aerated, agitated, cooled 5,000 liter fermenter is being used to produce
the yeast. It is intended to centrifuge the yeast suspension following sediment-
ation, drum dry the recovered solids and sell them to an animal feed manufacturer.
Protein feed supplement is imported in the Philippines, and this there should be
an animal feed market in the Philippines for yeast grown on coconut water. Growth
of yeast can reduce the BOD of the coconut water by 50% (12), re-dering it more
suitable for disposal or amenable to further treatment. Mr. Santos of Saginco
would Tike to ferment the waste banana peel from flour manufacturers with the
coconut water to obtain single cell protein. The peels when green have most of the
carbohydrate in the form of starch; this is converted to sugars as the peels ripen.

Blue Bar has a 1,000 gallon per month buyer for the vinegar, which is sold
locally. However, the market demand for vinegar in the Philippines needs to be
determined. Blue Bar plans to use an Osmonics reverse osmosis system to concentrate
the coconut water prior to fermentation. The Franklin Baker Company in the Philippines
indicated possible interest in concentrating the coconut water by ultrafiltration or
reverse osmosis and using the concentrate to make a coco jam or to grow yeast. Their
interest in using the coconut water is not as strong as Blue Bar's.

Generally, coconut water released in grating coconuts for domestic use and copra
production is wasted. 1In India, the water is drunk and used in indigenous medicine.
In the Philippines, both vinegar and nata are made from coconut water. Nata de
coco is a popular dessert produced by growing a species of the vinegar group of
bacteria (acetobacterxylinium) in sugared coconut water and coconut skim milk
media. A guide to preparation of "nata" from coconut water is available from
the Biological Research Center, National Institute of Science and Technology
(NIST) in Manila, Philippines (3.). NIST suggests that there may be a ready
export market for nata de coco. Successful production of nata requires carefully



129,

FIGURE & (12)

"Sghematic=Flow Dingram for Utilization an
Disposal of Coconut Processing Wante"

8 Pure Coconut VYator v
'
t Concentrate
t by
t Rovorse~Ogmoaia .
1

s [
s ¢ i
) 1 3 t
tConcentratet 3 Poraesate :
1
F tati
Plant
3 [ | [ 4 $
4 H 1 :
B | |

f ¢
Yoast :: Vinogar: : Dextran :

: . . Wush Water :

|
—— t : e .. 8
L 3 s s ¢ on.d
t : R —————
: t .t Suspendes
s ' ‘Filtratxon' Solida
s Fermentate : : :

Liquor

:Flotation : Recoveret
: 0il .

: Agrodbic Digestion:

3

(]
3 s
. Lagooning :

s
R § |
‘ Sodimentation "
3 or ¢
' _?11tration ¢




130,

controlled aseptic conditions. Nata could also be made from the coconut water
released in desiccated coconut plants.

NIST also has a standardized method for the production of vinegar using
coconut water as a culture medium (32). This involves alcoholic and subsequent
acetic acid fermentation. NIST states that "Vinegar production, if developed into
a home industry, would provide a profitable means of utilizing surplus and
unmarketable overripe or blemished fruits, thus increasing economic prospects in
rural areas." If the coconut water at the village level could be suitably
collected, fermentation with a Tate and Lyle type village fermenter might be a
possibility.

Coconut water is an excellent source of plant growth factors and has
potential applications for:

» Plant tissuc culture applications

« Irrigation of vegetable crops

« Production of bactcrial polysaccharides
 Pharmaceutical applications, e.g. antibiotics

However, no commercial interest has been expressed in these applications.

Dr. Hipolito of the National Institute of Science and Technology has
developed both food and feed yeast from coconut water supplemented with blackstrap
molasses (33). The Rhodotorula species of yeast is rich in vitamin B complex
group and is over 50% in protein. The yeast reportedly has a strawberry flavor
and could be used in beverages, candies, bread, and cereals. Growth of this
yeast on coconut water also provides use for surplus molasses from the sugar
mills. This fermentation has been done only -at the laboratory scale and still
needs to be piloted.

Coconut water has heen fermented to produce a sake-like wine by both
Steinkraus (29) and Crisostomo of the Department of Agriculture in Manila. Other
potential uses of coconut water are as a rubber coagulant and a source of potash
in agriculture.

Coconut water, which is wasted at the individual home or village level, is
not considered to be an environmental problem. Widespread usage of the water would
be difficult to implement because of collection, storage, sanitary problems and
rapid deterioration. Usage of the coconut water wasted from desiccated coconut
plants would be more viable because of the

« Environmental impact
» Large quantities generated
+ Ease of collection due to the centralized facilities

Storage might still be a problem and sterialization could be necessary. However,
concentration by reverse osmosis or evaporation would help in these matters.
Uevelopment, testing and economic analysis is needed with regard to making and
marketing products from coconut water. There might be considerably more water
available from desiccated coconut plants than can be used in the Philippines.
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Losses in Domestic Consumption

In the traditional process of making coconut milk, 20-40% of the oil is left
in the protein bearing residue (34). This residue which is largely wasted
represents the equivalent 1oss per year of

. 2.6 x 106 coconuts in Indonesia

. 19 x 100 metric tons of o0il in the Asean Coconut
Community countries (India, Indonesia, Malaysia,
Philippines, Sri Lanka, Thailand, Western Samoa)

When Ceylon 0ils and Fats Corporation instituted a program to collect the refuse,
it failed because it was so widely dispersed. While the refuse has protein and oil,
it deteriorates quickly.

Experiments in Indonesia by Dr. Dardjo showed that grated coconut residue when
dried to a moisture content of 7.2%, contains 24.7% oil and 6.9% protein. It may be
calculated that from 2,600 million nuts used in Indonesia for culinary purposes, an
amount of 132,080 tons of 0il and 36,400 tons of protein is lost in the residue. At
the same time, a large amount of shell and coconut water is wasted, which otherwise
may be converted into charcoal or active carbon, and vinegar or other products,
respectively (20).

Centralized processing, which is not currently done, can minimize losses of
protein and 0il and facilitate collection and utilization of the coconut water. Dr.
Dardjo estimates that centralizd processing of the 2,600 x 10° nuts used for coconut
milk production in Indonesia could yield the following additional products:

0i1 (recovered from the residue) 132,080 tons
Protein (recovered from the residue) 36,400 tons
Charcoal 468,000 tons
or Active carbon 130,000 tons
Coir fibre 1,040,000 tons
or Mattress coir fibre 208,000 tons
Coconut water 676,000 tons

Dr. Laurentius (24) of Ceylon Institute of Scientific and Industrial Research
also proposes centralized processing of coconut for milk extraction to provide
an annual additional 30,000-35,000 tous of oil. He proposes extraction of the
emulsion by mechanical pressing, bottling of emulsion for use jn the household, and
extracting the oil available in the residue in the conventional expeller.

As previously described, the production of coconut oil for household use also
yields a resude which presumably consists of protein, carbohydrate and some minerals.
After being pressed, the curd may contain 7.5% oil when the moisture content is 13.8%.
In Indonesia, annual consumption of coconut for klentik oil preparation amount to
640 million nuts. As in coconut milk preparation for culinary purposes, the grated
coconut residue may contain 24-25% oil. Together with the oil in the curd, the total
loss of 0il in klentik oil preparation may rearch 33% or half of the oil content of
copra. Coconut 0il which is lost in this process may be as high as 42,250 tons, and
that or protein nearing on-fourth of the amount lost in coconut milk preparation (28).
Also in the traditional process of making coconut oil, the protein is denatured and
the quality of the oil is lowered, resulting in a higher price of the finished product.
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In production of both coconut milk and coconut oil for domestic purposes,
coconut meat is lost in scraping the meat from the shell.

Distillery Residues from Arrack Production (9)

The sap from coconut blossons contains about 229 sugar, consisting principally
of dextrose, fructose, and a small amount of surtose. There are also some five
carbon sugars present. The dextrose, fructose, and sucrose are readily ferment-
able by yeast yielding 8% alcohol.

This product is a native drink in Sri Lanka known as toddy. When this material
is distilled, a 78 proof product called arrack is obtained. The spent wash, or
still bottoms, is high in yeast, unfermented carbohydrates, principally five
carbon sugars and about 2% proteins. Mervyn Pulle (9) in Sri Lanka is trying to
make a very nutritious yeasty beverage by centrifuging the yeast after distilling.
He is also trying to concentrate the still bottoms to dryness and adding soy
protein to make a bouillion cube-type product. When this mixture is fed to
broilers and pigs they grew very well. The dried residue is only 2-3% protein
on a dry basis, but is high in minerals, vitamins, and sugar. Fuel for evapora-
tion of the still residue would be expensive.
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VI. New and Alternate Processing

Protein and oil losses via the residues from domestic coconut milk, coconut
0il, and copra production can be minimized by improving the production of coconut
milk and oil via centralized production in factories, improvement of existing
methods, and alternate processing methods such as aqueous methods. Centralization
would also facilitate collection and ultimate usage of residues and coconut water.
Therefore, interest exists in alternate methods of coconut processing suitable for
centralization at the village scale or larger. Since all these processes start
with fresh coconut, the residues can be used for animal feed, protein concentrate
or flour. There should be no competition between the supply of coconuts for
domestic food needs and coconut 0il production as more coconuts could be grown if
necessary. The economics of industrial production of coconut milk, however,
must be such that the price of the product would be comparable to the costs
fnvolved in home use. For example, the use of tin cans for centrally produced
coconut milk in Thailand, made the product uneconomical. Village local plants
should be useful because they would minimize distribution problems and reduce costs.

Hander Process (20)

"Late in the nineteen-sixties, a new process to produce 0il from fresh coconut
meat was introduced using a "HANDER" type machine. Essentially, the process
consists on grinding fresh coconut meat, heating util most if not all water is
evaporated, and pressing the oil out. The 0i] is similar to "klentick oil" in
the sense that it does not need further refining since the FFA content is
relatively low. The residue (cake) is much cleaner compared to that of copra, and
it was originally intended for human consumption through mixing with other less
nutritious foodstuffs such as tapioca or gaplek meal (dried sliced cassava meal)
in cheap cookie preparation.

The main problem of this process is that the oil foams when used for frying
(due to the presence of free lauric acid). The oil is very often mixed with
unrefined copra oil to reduce foaming, and at the same time reducing the FFA and
color of the copra 0il. The economics of the process are not favorable; furthermore,
it cannot compete in obtaining fresh coconut with that for household use."

Fermentation Process

Dr. Purwo Arbianto of the Bandung Institute of Technology, and S. R. Untung
have developed a village scale process to more cheaply produce coconut 0il (35).
This work is sponsored by the Church Worid Service. Wet shredded coconut is
pressed to yield the coconut milk and the resultant emulsion (cream) is broken via
fermentation with S. cerevisae. Upon separation, a high quality coconut oil and
an aqueous layer containing relatively undernatured protein is produced. A flow
diagram of this process is shown in Figure 6.

Residues which are produced in this process are:

* Spent shredded coconut meat which could go to
animal fecd, or be toasted and used as human
food as done in Ciamis

« Coconut wiater and skim milk which could be
used for production of single cell protein
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FIGURE 6

Coconut 0i1 by Fermentation (35)
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« Liquid containing the protein which remains after
0il production, for which no current usage is
planned. The protein could possibly be used as

" Taofu. ‘

Pilot scale testing is ready to begin, and UNEP is providing grinders and presses
to handle 100-200 coconuts at a time.

Asean Coconut Community (Jakarta, Indonesia)(34)

“An effort has been made in most of the ACC member countries to  roduce
bottled or canned coconut milk and the development work on this is still going on.
Further development in coconut milk production has been limited duc to lack of
coordination among the various Applied Research Centers in the ACC momber countries
dealing with the problem. Each of these research centers has tended to work in
isolation and the result has been dissipation of efforts and resources. The
Institute of Food Research and Product Dcvelopment, Kasetsart University, Thailand
had been experimenting for a numbcr of ycars on the preparation of canned coconut
milk, w?icp have been test-marketed on a small scale. The results were very
favcrable."

The Asian Coconut Community is now involved in a UNDP pilot plant for
production of concentrated coconut milk. The project is being conducted at
Kasetsart University in Bangkok, Thailand under the direction of Dr. Amara.

The purpose of the pilot plant is to prove the viability of producing and marketing
canned coconut cream (long shelf-life products) in urban areas to accomodate the
increasing numbers of working women. Large scale production of coconut cream could
save the equivalent of 90 x 108 tons of 0il in the Asian Coconut Community (India,
Malaysia, Philippines, Sri Lanka, Thailand, Western Samoa).

In this process (36), mature coconut meat is shredded, then water added and
the mixture separated in an expeller into milk and fibre. The milk is heated to
70°C in an open pan with very efficient agitation. Heating above this temperature
will cause protein denaturation.

Heating is continued until the moisture content is reduced to 10-11%, giving a
fat content of 76-80%, and protein 6-7%. Stabilizer, preservative and antioxidant
are added prior to packing in cans or toothpaste-type tubes holding 160gm. The
tubes are a convenient pack for tropical use, but in cooler climates where the
"cream" tends to solidify, the cans arc preferred. The contents of 1 tube or 1 can
are equal to 1 large coconut. The residue which is left has been used by
Dr. Amara in a school lunch program and reportedly as a flour extender in Sri Lanka.
There is as yet, no private sector intercst in the project.

The ACC is also trying to get funding for research on protein isolation from
defatted coconut meal and press cake.

Applied Scientific Research Center of Thailand (ASCRT) (37,

ASCRT has developed both a stabilized coconut milk and a concentrated coconut
milk. Both products supposedly had good appearance, flavor, and taste. However,
the economics for industrial scalc application have yet to be proved.

Recently, a canned concentrated coconut cream has been produced. Its
composition is 43.4% moisture, 42.5% fat, 1.5% protein, 0.4% ash and
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12.2% carbohydrate. In preparing the coconut cream, a whey was collected after
the cream is separated. lhen the whey was mixed with diluents and spray dried,

a skim coconut milk powder was obtained having 62-66% protein. Since this product
is also readily dispersable, it may very well serve as a major ingredient for
other food preparations, milk substitute, baby food, etc. The residue left after
extraction of themilk from the shredded coconut meat was dried for use as an
ingredient in animal feed. Analysis showcd that the residue contained 2.3%
moisture, 40.6% fat, 5.8 protein, 1.3% a-h, 12.9% crude fiber and 37.1%
carbohydrate. ASCRT sees thi< production of coconut cream as a new industry
which will centralize coconut usage and minimize wastage. The process has not
yet been piloted. ASCRT has ulso developed a soft drink from coconut water

which showed about 80% acceptability.

National Science Development Board of the Philippines (NSDB) and National
Institute of Science and Technology (NIST) (38) .

Lotho and Gonzalez (38) have reported on research involving coconut meat and
milk. NIST has developed a process to make granulated coconut from fresh coconut
meat by dehydrating the finely ground coconut meat in a fluidized bed type dryer.
The product compares well with desiccated coconut and was found to be excellent
for ice crear. peanut butter, cockies and baked breads. They are also trying to
make canned coconut milk.

In another project, NSBD is running a pilot plant in Liliw, Laguna to produce
coconut milk (gata) by expelling of fresh coconuts. This pilot plant is canning
fresh coconut cream, gata, and coco honey. If technical and commercial feasibility
studies are encouraging, similar pilot plants will be put up in selected coconut
areas. This pilot plant aims not only to develop the cream and gata canning but
also to exploit the potentials of other products from the by-products like:

« Skim milk
« Protein solids
« Coconut meal (sapal)

Dr. del Rosario of the University of the Philippines at Los Bano is studying
acid hydrolysis of the expeller residue (10) of fresh coconut from the National
Science Development Board pilot project Lo make coconut milk. The reducing sugars
obtained by hydrolysis can be fermented into alcohol or yeast biomass, the yeast
being used to supply animal or human protein requirements. Candida yeast can be
grown on the hydrolyzates of the coconut wastes and can be used directly for
animal feeds or incorporated into human food after removal of the nucleic acids.
In other work, the University of San Carlos, Cebu City, is studying protein
extraction from coconut meal and spent copra.

India (26)

"CFTRI scientists (N. S. Krishna) have patented a system of drying coconut
kernel with simultaneous o0il extraction Ly azeotropic distillation of the water
in the coconut, using solvents like heptene. The process is said to be an
adaptation of the Viobin process for fish processing as developed by the U.S.
Bureau of Fisheries for the manufacture of fish protein concentrate (FPC) in
South America. The coconut rosidue after the dintillation (rcally a dewatering
step) and scparation of the solvent-oil <olution, is fund grade and can be made
into a protein-rich coconut fiour,"
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Mexico

Anderson IBEC (USA) has sold a plant to Mexico to process nature fresh coconuts
to produce and meal for animal feed. If stainless steel processing equipment were
to be used, the meal could be used for human food. Both the coconut water and skim
milk produced will go to a whey type drier to yield a milk product. Applications
for similar plants have been received from the Fiji Islands and the Marshall Islands.

Aqueous Processing (14,30)

A pilot plant to make coconut products by a wet process has been installed
at the University of San Carlos in Cebu under the auspices of the Philippine
Department of Agriculture and NSDB, and with financial support from U.S. AID and
West Germany. The project manager is Robert Hagenmaier of Texas A & M University.
The plant, which follows five years of AID-sponsored research at Texas A & M, is
designed to process 2,000 coconuts/day. After husking and shelling, the meat is
pared (unpared meat may be used, but the product is slightly bitter). It is
ground and water-extracted with pressing to produce a coconut milk containing most
of the 011 and protein. After pasteurization, the milk is centrifuged, yielding
an oil-rich emulsion and an aqueous fraction high in protein. The emulsion is
further centrifuged to give a purified oil, while the aqueous phase is subjected
to vacuum evaporation and spray drying to make protein powder. In this manner
coconut oil is obtained as in the traditional process, but edible protein for
humans is made instead of copra for animal feed. As 93% of the Philippine
coconut crop, the largest in the world, now goes to copra, this process could
give a major amount of protein.

The economics of wet processing are unfavorable compared to traditional
processing methods. Stainless steel vessels are required, sanitation is strict,
and a higher technology is used. But as shown in Table X, if we consider losses
of coconut oil in various stages of conventional process, we see that wet
processing has an advantage.

A comparison is shown in the following table between dry processes and wet
processes for centralized production of coconut oil. It should, however, be
realized that none of the products listed are now being made on a commercial
scale, and many are still at the laboratory or pilot stage. They may not be
able to compete economically with the traditional methods of producing copra to
yield coconut 0il. In addition, aqueous processing demands technical skills
not readily available at the village level. Tropical Products Institute of
England also had a wet process pilot plant, but closed it down due to apparently
unfavorable economics. Another wet process, the Carver-Greenfield process, had
been used in the past.
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TABLE XI1I

Comparison Between Dry (Copra) Process and Wet Process (40)

f Coconut 0il:
ucts obtained from:

Process

coconut flour
protein isolale
meal

Process

meal

protein isolate
skimmed milk

by-products obtained from:

Process
coconut flour

used in confectioneries, ice cream, cakes, cookies and other

baked goods

for multipurpose food (MPF)
coco noodles

coco crunchies

coco cereal

pan de sal

protein isolate (unstable)
infant formula

mostlers spread

canned vegetahle loaf
condensed gata

meal (unstable)

animal food

coco flour

Process

meal (unstable)
animal fea«d

oil

coconut flour
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confectionery products

protein isolates

infant formula

mostlers spread

canned vegetable loaf
condensed gita

skimmed milk (unstable)

fruit and chocolate-flavored beverages
coco honey (low fat)

protein isolate

instant drink

sodium salt of coconut protein
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VIT. Individua]_Countries

Some material specific to individual coconut producing countries has already
been described and will not be repeated here.

Philippines

The Philippines is the world's largest coconut grower and exporter of coconut
derivatives: desiccated coconut, copra, crude coconut 0il, and copra cake meal.
There is also widespread usage of coconuts in individual households. Copra
accounts for more that 90% of the coconut business in the Philippines, with
900,000 tons being produced in the first half of 1975. By contrast, desiccated
coconut production during this period was 21,337 tons. Environmental impact from
desiccated coconut plant effluents would be most severe in the Philippines and
the National Pollution Control Commission seems to be serious about controlling
industrial pollution, including that from desiccated coconut plants and other
industries. For example, the Philippines Board of Investments require approval
from the pollution control agency on all new plants. Another indication of their
intent is shown by the formation of an army team in 1974 to enforce pollution
control deadlines. Sugar related wastes and coconut water from desiccated coconut
plants are considered to be among the most severe environmental problems. Thus,
there may be incentive in the Philippines to use coconut water to make various
products as previously described as this will be more economical than treating
Jjust to meet effluent standards.

With regard to copra production, the largest proportion of copra is produced
by smoking the meat over an open kiln (15). Copra is graded into 79 classifica-
tions, with the highest designation given to copra which is clean, white in color,
free of soot, uncharred, free of mold or decay, having little putrefaction, and
with a Tow moisture content. To achieve these qualities with the smoke curing
method is almost impossible. Thus, Philippine copra is generally of very low
quality, among the lowest in Asia, and commands a low price on the world market.

Coconut (yproducts are widely used in the Philippines. Husks are turned
into coir, which is used for brushes, brooms, novelties, ropes, carpets, fishnets,
sacho, cushions, and insulation boards. A large percentage of the husks are
burned or thrown away. Nothing is being done with the little coir dust that is
being produced. It can be compressed into cylinders for fuel without drying or
use of binder, but is too costly to compete with wood. Pressing removes most of
the 60% moisture.

The shells can be burned under the boiler, for they burn readily and produce
intense heat. They can also be ground fine for a filler in adhesives or plastics
such as phenol-formaldehyde resins, or made inlo activated charcoal. The shell
also goes into decorations and kitchenware.

Trunks are used for rafters and posts, young shoots for vegetables, and
leaves for roofs, hats, mats, and fans. Blossoms are made into novelties, and
the meal goes to livestock feed and fertilizer. Active here are the Philippine
Coconut Authority, NACIDA, NSDB, and the Forest Products Research and Industries
Development Commission (FPRIDC) (42).

"Modern kiln drying is used in relatively few regions. They produce the
highest quality of copra, and the process is far less tedious than sun-drying.
The government 1is encouraging the setting up of cooperatives to build and operate
modern kilns."
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There are problems with regard to coconut and banana flours and Banco
(coco-banana flour) as a partial replacement for imported wheat (42). The
flour millers want assurance from the Grain Authority that the quality of the
bread would not be impaired. In addition, the cost of coconut flour might be
higher than wheat flour. Blue Bar estimates that coconut flour will cost 3/kg,
while wheat flour sells for 2 /kg.

There could be strong opposition to this change. The Government has impcrted
wheat at $114/ton and sold it to the millers for $240/ton, who in turn make a
good profit in milling it. It is very doubtful if Banco would be adopted unless
there is a Government ruling that it must be incorporated into wheat flour.
Several years ago a law was passed to require the wheat millers to add 10%
cassava starch to wheat flour. The law was poorly written and the millers could
not be forced to comply. If Banco is added there is likely to be resistance.
Another possibility is to add rice flour to wheat flour, as the protein content
of rice flour is 8 to 9%, the color is better than wheat flour, and it would not
have a prorounced taste. The rice crop in the Philippines is large enough that
rice flour could be available. '

Thailand
There are no plants which process whole coconuts in large enough quantity
to warrant large scale waste recovery, and no environmental complaints regarding

coconut wastes have been made to the government. The primary use of coconuts in
Thailand is for domestic consumption,

Indonesia (20)

While indonesia 1s a biy coconut producer, it is mainly a small holder crop.
The centers of production are located in Sulawesi, Maluku Islands, east coast of
Sumatra and Java. There is one desiccated coconut factory in Indonesia, located
in North Sulawesi, with a production capacity of 2,000 to 3,000 tons per year,
which represcnts a negligible number of nuts, The coconut water is wasted from
this plant and no environmental concern exists since the factory is located in
an unpopulated area. The parings from this plant are extracted for 0il and then
exported.

The annual average production in 1976 was 7,500 million nuts (20). The
government is trying to increase production. Coconut, the major source of edible
0il in Indonesia, also contributes protein in the diet. Two thousand, six hundred
x 10° nuts are used for preparing santan (coconut milk) and another 40 x 100 for
klentik 0il. The remainder is used for making copra.

There were 435 coconut 0il_(copra) mills in 1974 with a total designed
capacity of processing 1.7 x 10 ton/yr. of copra. The yield of oils is generally
Tow and the cake with 10-15% oi1 is exported as animal feed. However domestic
demand for the cake as cattle and chicken feed is increasing. Remaining 0il in
the presscake is also extracted and the cake exported as animal feed. There is
one animal feed factory in Indonesia which mixes tapioca with copra cake and
produces pellets for export. There are coconut oil refineries in Indonesia, but
the unrefined 0il (klentik) has a bigger market in the country.

Sri _Lanka

The major proportion of coconuts in Sri Lanka are consumed domestically in
households to obtain coconut milk from the mature kernels. The per capita
consumption for this purpose is 124 per year. "Polkdu", the residue from this
extraction, has an oil content of up to 35%. This 0il, if extracted, would
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yield industrial coconut oil for fatty acid production or soap manufacture, while
the extracted meal can be used for production of animal feeds. When Ceylon Qils

& Fats Corporation instituted a program to collect the refuse, it failed because
it was so widely dispersed. While the refuse has protein and oil, it deteriorates
quickly.

The major industrial use of coconut in Sri Lanka is in the form of copra
which is expessed to yield edible quality white coconut oil of less than 1% FFA,
while the resultant by product viz. copra expeller cake populariy called "poonac"
is used in the manufacture of animal feeds by itself or after solvent extraction
of the residual oil which varied between 8-14%. The residual oil (industrial
coconut 0il) is mainly consumed by the Ccylon 0ils and Fats Corporation in the
manufacture of fatty acids and glycerine or used up by the soap industry. The
Ceylon 0ils & Fats Corporation is a major oil miller posessing both expeller as
well as extraction plants. The Corporation also produces fatty acid and
glycerine and is also the higgest supplicr of poultry, cattle and pig feeds in
the country. The largest oil mill in Sri Lanka is the British Ceylon Corporation,
who is also a leading exporter of white coconut oil.

With regard to copra drying, an FAO report (39) on Sri Lanka stated that "the
Standard Ceylon Copra Kiln in which the source of heat is an open shell fire, is
in almost universal use and has been so for more than 50 years. A number of
hot-air driers have been designed and patented by private individuals, but have
not come into popular use. The "Standard Ceylon Copra Kiln" of 10,000 nut
capacity produces excellent copra in 5-6 days, but it is too large for small
holders whose lands account for more than 85% of total acreage. The high quality
of Ceylon copra is not so much a result of research as of a process of evolution
in which landcwners, managers of states and skilled copra-makers of obscure status
have played che largest part."

A paper by Banzon (39) states that the Ceylon Coconut Research Insitute when
asked if in Ceylon, there are studies on coconut proteins for food, the answer
was: There is no need to isolate or prepare the protein isolates because
(1) the coconut is being eaten directly and therefore, there is no protein
recovery problem and (2? it is preferable to convert the copra cake into animal
protein (chicken, pork, etc.) which tastes better. However, in recent corres-
pondence, Dr. Laurentius of Ceylon Institute of Scientific and Industrial Research
stated that "in common with most countries in this part of the world, the nutrition-
al problem centers around protein deficiency. Coconut is certainly a source of
protein and much work has been done on the area of wet processing of coconut for
recovery of oil and protein. While these processes have been technically proven,
the economics are not that attractive and the oil extraction is still carried out
from the dried meat of the coconut, i.e. copra. I do believe that if and when
a process is developed for recovery of available protein, such protein would go
a long way towards elimination of the protein deficiency situation."

Therc is some environmental concern in Sri Lanka over the washwater and
coconut water released from desiccated coconut plants as previously described.
However, the problem is not as severe as in the Philippines end there is probably
little incentive or environmental pressure to utilize these wastes. The coir
dust from the coir fiber industry presents a large disposal problem as this
material is of limited use and mountains of this material are seen adjacent any
coir processing unit.
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According to Banzon (39), Sri Lanka has some big problems: (1) the 1imited
area of the island prevents any large expansion of coconut plantings. 1If
production is to increase, greater reliance must be placed on yield of nuts per
tree; (2) because a large amount of coconut milk (gata) is consumed every day,
less coconut is available for export and a large amount of residue (sapal) goes
practically to waste or is used uneconomically. There is now a scheme to extract
the 0il from the sapal. The problem is collection from the scattered households.

India

According to Banzon (39), 64% of the coconut production is consumed as fresh
coconuts for household purposes; a total of 84% of the total production is used
for edible purposes, either as fresh coconuts, edible copra, or cooking oil.

(In Ceylon, the figure is 707) While there is some rvom for new planting, there
is very small Possibility of coconut production catching up wit" population in
India. The problem in India is increasing production; hence, rsearch is
concentrated on agricultural aspects. Hence, India now is a net importer of
coconuts.

The above described situation explains why a recent report on India states
that ". . .research on the utilization of the coconut kernel as human food as
opposed to copra production, has not been of such urgent importance in India. . .
Dr. Hab Parpia, Director of Central Food Technological Research Institute (CFTRI)
stated that research on the coconut, while still regarded as important, has to be
relegated to second priority as a subject for study because (1) coconut is
already being consumed as food; hence, no need to separate the protein, (2) there
are other more pressing oroblems on foods in India, like rice processing and
storage. Peanuts is the object of greater research effort because it is grown
extensively and expansion is easily possible.

Keyna §42)

Kenya grows large quantities of coconuts along the coast, and also imports
copra from other countries to press for oil and feed. It might be possible to
use the cake as a source of protein for human food.

Ghana (422

Crystal 0i1 Mills is 507 privately held and 50% government held. It
primarily processes copra and groundnuts into oil and animal feed.

Two-thirds of the copra cake used to be exported, and Crystal 0i1 Mills had
a share of this market. Now, because groundnut cake is in short supply (ground-
nuts are smuggled to Upper Volta and used for purposes other than oil, evidently
because of local price contrg]s) all the copra cake and groundnqt cake are used

product is controlled, while that of the cottage industry is not. Therefore the
Tocal industry has 60% of the market for coconut 0il, with Crystal 071 Mills
processing 1,000 long tons/yr of copra (10 tons/day) and the Tema Food Complex
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Mr. Toft, Managing Director of Crystal 0i1 Mills, reported that copra cake
sells for 15 cedi/140 1b. bag (approximately $0.09/1b at the official rate of
exchange, which is greatly above the unofficial rate), groundnut meal, which
has twice the protein content, at 25-30 cedit/140 1b ($0.15-0.19/1b), cottonseed
meal at 25-30 cedi/140 1b ($0.15-0.19/1b), and fish meal at 35-40 cedi/110 1b
($0.28-0.32/1b.

In conclusion, there is a severe shortage of animal feed in the country.
Since the village coconut o0il process is inefficient (40% of the original oil
remains in the cake after pressing) and its copra cake is thrown away, price
control has apparently distorted the production of fced for local and export
use. In addition, price control has evidently diverted groundnuts to ather
uses and other destinations.

0f considerable interest in view of the coconut 0il pricing situation faced
by Crystal 0il Mills, was the fact that Technoserve is now trying to assist the
development of byproducts from the village coconut oil process.
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Coconuts

Resources - pcople, institutions, etc.

Bandung Institute of Technology
Chemical Technology Department
10 Djalan Ganesha

Bandung, Indonesia

Dr. Purwo Arbianto

Dept. of Microbiology

(Chem. Tech. Dept.)

Bandung Institute of Techno]ogy
10 Djalan Ganesha

Bandung, Indonesia

Earl J. Goodyear, Director
Care Medico - Jawabarat

Ji Karangtinggal 32 Bandung
Ph: 81709, Indonesia

Nasruddin I1jas, Dean
Faculty of Agriculture
Sriwijaya University
Palembang, Indonesia

P. T. Ometraeo (organization)
D. Setyadjie, Director
Studies & Projects

P.0. Box 197

Surabaya, Indonesia

Phone (086) 43385-43379-43459-45244

Director Godofredo P Reyes, Jr.
Asian Coconut Community

P.0. Box 348

Jakarta, Indonesia

Jerry Van Sant, Director
Church World Service

J1 Dempo 3 (Matraman)
Jakarta

Telephone: 81683

Cable: CHURCHSERV
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Coconut shells

Village scale
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coconut 0il by
fermentation

Soybean curd
Palm oil
Copra waste

Copra
Palm oil

Village level
production of
coconut oil by
fermentation °
(Dr. Arbiantos’
sponsor)
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PHILIPPINES

Dr. Dachmat Soebiapradja

Assistant for Production & Dovelopment
Menteri Pertanian Republic Indonesia
Staf Bantuan Urusan PNP/PTP

J1. lLet. Jend. S. Parman 73 (slipi)
T11p. 59524-59100-59426

Tromnl Pos No. 13/Palmerah

Jakarta, Indonesia

Dr. Dardjo Sumaatmadja
Chemical Research Institute
(vatai Penclition Kimia)
J1. Ir. Haji Juanda

Bogor, Indonesia

Professor Winoto

Fakultas Teknik UGM

Sekip M/G, Tilpen 3518, Yogyakarta
Indonesia

Department of Agricultural Chemistry
U.P. College of Agriculture

UP Los Banos

College, Laguna, Philippines

Ernesto J. Delrosario, Asst. Prof.
Dept. of Chemistry

University of the Philippincs
College, Laguna, Philippines

Renato M. David, Research Assistant
Coconut Research & Development Center
#306, 1444 Jalandoni Building

A. Mabini Street

Ermita, Manila, Philippines

Lydia C Crisostomo

0IC Office of the Chief
Laboratory Services Division
Dept. of Agriculture

Bureau of Plant Industry
Manila, Philippines

150,

Government owned
coconut estates

Coconuts and
palm oil

Coconut and
palm oil

Coconut water
Coir dust

NSDB: acid hydroly-
sis of expeller coco-
nut residue. NRCP:
Coconut expeller resi-
dues treated with
enzyme cellulose.
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wet & dry process :
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Wine, vinegar
and "nata" from
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Dr. Salome dr! Rosario

Unlad Resources Deve lopment Corp.
826 Gen. Malvar Strent

Malate, Manila, Philippincs

Dr. R. W. Engel
Nutrition Adviser

us AID

R. Magsaysay Building
1680 Roxas Blvd.
Manila, Philippines

Food and Nutrition Research Institute
Pedro Gil St., Ermita
Manila - 2801, Philippines

Forest Producl Rescarch and
Industries Developuent Commission
(FORPRIDECOM)

College, Laguna E-109, Philippines

Engr. Garcia, Executive Officer
National Science Development Board
National Pollution Control Commission
Manila, Philippines

Josefina E. Gonzales and
Cristobal L. Miranda
NIST

Olympia N. Gonzalez

Sciencc Research Supervisor
National Inst. of Science 4 Tech.
P.0. Box 774, Pedro Gil St.
Manila, Philippines

Dr. Robert Hagenmaier

U.S. Agency for International Development

USAID/Philippines
AP0 San Francisco 96529

Dolores G, Hipolito
Biological Research Center

National Institute of Science and Tech.

P.0. Box 774
Manila, Philippines
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Coconut flour

Coconut flour

Coconut waste
usage

Coconut husk

Biological evalua-
tion of coconut
flour, protein isolates

Utilization of
coconut milk and
meat

Aqueous processin
of coconut-Cebu City
pilot plant

Food yeast, rhodo-
torula ruoia from
coconut water-
strawberry flavored
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(

Jaman S. Imlan. President
Mindanao Institute of Tech.

Kabacar:, North Cotabuato

P.0. Box 328

Davao City, Philippines

Josefina Bulatiho-Jayme

Officer in Charge

Office of the Director
Food & Nutrition Rescarch Institute

Pedro, 0i1 St. Ermito

Manila - 2801 Philippines

Laboratory Services Division
Burcau of Plant Industry

San Andros, Malato
Manila, Philippines

Conrado E. Lotho
National Institute of
Science & Technology

Antonio C. Maceda, Jr.

Manufacturing Manager
Franklin Baker Co.

P.0. Box 600
Manila, ’hilippines
also

Colin H. Watson, Prcs.

Perry Quinitio

& Gen. Man.

San Pablo, Laguna, Philippines

National Institute of Science & Tech. (NIST)

P.0. Box 774
Pedro Gil Street
Manila, Philippines

National Research Council of the

Philippines
U.P. Campus

Diliman Quezon City, Philippines

Luz Paca

National Institute of Scienie & Tech.

(N14T)

)
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Byproducts of
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Coconut water

NIST research-
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other byproducts
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pilot yeast plant
(coconut water)
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Estelita M. Payumo
Scientist 1V
Food and Nutrition Research Center

National Institute of Scivnce & Tech.

Peter Paul Philippine Corp.
11th Floor, T.M.T. Building
6764 Ayala Ave., Makati
Rizal, Philippines

P.0. Box 115%, Manila

Philippine Coconut Administration
Mr. T. Masulit

Elliptical Rd., Diliman

Quezon City, Philippines

Dionisio T. Salon
NIST, Scientist IV
Food & Nutrition Research Center

Mrs. Luz C. Salonga, President
Women Engrs. of the Philippines
Dept. of Chemical Engineering
University of Philippines
Diliman, Quezon City, Philippines

A. S. Samson SJ

Dept. of Chemistry

Ateneo de Manila University
Loyola Heights .
Quezon City, Philippines

Food Prod. Research

Texas Eng. Experiment Strect
Texas A & M University

College Station, TX 77843, USA

Manolo M. Santos, President
Saginco

" P.0. Box 257

Greenhills Post Office

D »a Dhitdnrninaas
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RI LANKA

Bienvenido C. Sison, Jr.
Resident Manager

. Blue Bar Coconut Philippines, Inc.

P.0. Box 344 McC
Makati, Rizal

George Uy

Optima Scientific Consultants, Inc.
Suite 603 Trade & Conmerce Cldg.
215 Juan Luna Street

Manila U.P.

P.0. Box 19, Diliman

Quezon City, Philippines

Dr. Jose R. Velasco, Comm.

National Institute of Science & Tech.

Pedeco Gil Street
Manila, Philippines

Ceylon Institute of Scie~tific &
Industrial Rescarch

363, Bauddhaloka Mawatha

Colombo 7, Sri Lanka

S. F. Laurentius, Director
Ceylon Institute of Scientific &
Industrial Resecarch

363, Bulleris Road

Colombo 7, Ceylon

Phone #91807

Mrs. Tanis Edwards, Tech. Dir.
Canned & Preserved Foods Limited
P.0. Box 480 .

126 Amthmawata Rd.

Colombo 15, Sri Lanka

N. Pararajasinqam, Finance Director
Ceylon Tobacco Co. Limited

P.0. Box 18, Colombo

Phone #342314

Mrs. I. Unamboowe, Librarian/
Documentation Ufficer

Industrial Devclopment Board of Cevlon

615 Galle Road, Katubedde
Morotuwa, Sri Lanka
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THAILAND

DOMINICAN
REPUBLIC

{NGLAND

Dr. U. Pethiyagoda. Director
Coconut Research Institute
Lumnuvila, Sri Lanka

Mr. M. Jeganathan

Research Asst. in charge of
the Chemistry Division
Coconut. Research Institute
Lumnievila, Sri Lanka

Dr. Amara Bhumiratana
Institute of Food Research &
Product Development
Kasetsart University

Box 4-170

Bangkok 4, Thailand

Ubolsri Cheosakul, Head

Food Technolofny Unit

Applied Scientific Research
Corp. of Thailand (ASCRT)
Bangkhen, Eangkok 9, Thailand

Dr. S. Malez,

Dr. Kasem Balajiva

Research Director

Technological Research Institute
Applied Scientific Research Corp.
of Thailand

Bangkhen, Bangkok 9, Thailand

Technological Research Institute
Applied Scientific Research Co.
of Thailand

196 Paholyothin Road

Bangkhen, Bangkok 9, Thailand

Departmento de Zootecnica y Nutricion
Animales, Facultad dc Ciencias
Agronomicas y Veterinarias

'iniversidad Autononom: de Santo Domingo
Santo Domingo, Dominican Republic

J. E. Cecil .

Tropical Products Institute (TPI)
56/62 Grays Inn Road

London WCIX 8L4
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GUYANA

INDIA

IVORY COAST

PAKISTAN

PORTUGAL

TRINIDAD

UNITED STATES

Industrial Devclopment Dept. (Tr1)
Culham, Abingdon ,
Oxfordshir 0X143DA

England

Guyana Besto Feed Factory
86, D'Urban and Smuty Str.
Georgetown, Guyiana

Guyana Stock Feeds Ltd.
Ruimveldt

East Bank Demerara
Guyana

T. Ramakrishnan .

Indian Institute of Science
Bangalore - 560012

Phone #34411

ITIPAT
B.P. 888l
Abidjan, Ivory Coast

Pakistan Councit of Scientific and
Industrial Research

Block No. 95

Pakistan Secretariat, Karachi

Pakistan

Institvto de Investigacao
Agronomica de Mocaubique (TIAM)

Ciaxa Postal 1731

Mavalana, Lorenco Marques,

Mozambique, Portugal

. Trinidad and Tobaga Coconut Research Ltd.

P.0. Box 295
Port of Spain
Trinidad and Tabago

Car! M. Cater

Food Protein R & D Lonter
Texas A & M Universily
Coltege tation TX 7/843
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Don Eastman, Vince Lavot
Anderson IBEC

Div. of International Basic Economy Corp.

19699 Progress Drive
Strongsville, OH 44136
216-238-5800

Robert Hagenmaier

Food Protein R & D Center
Texas A & M University
College Station, TX 77843

Varnam D. Luddington
126 Bruce Drive

Cary, North Carolina
919-467-6058

Dr. Karl Mattil
Food Protein Res & Dcvelop Ctr.

- Texas A & M University

College Station, TX 77843
713-845-7033 (work)
713-846-5006 (home)

Reginald Meade
551 Gem Strect
Tulare, CA
209-686-0116

Dr. Roy Morse

Rutger:. University, lood Sciences Dept.

New Brunswick, NJ
201-937-1766, 201-932-9665

Max Ruchrmund

Franklin Baker Div., General Foods
P.0. Box 600

Dover, DE 19901

302-673-2020

Dr. Keith H. Steinkraus

NY State Agric. Expt. Station
Cornell University

Geneva, NY 14456

315-787-2276 (work)
318-7R0-6R72 [hame)
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KENYA

GHANA

Dr. Peter J. Reflly

‘Department of Chemical Engineering

Iowa State University of Science &
Technology
Ames, IA 50010

Dr. Stanley M. Barnett

Associate Professor of Chemical
Engineering

University of Rhode Island

Kingston, RI 02881

L. K..Korir
Ministry of Agriculture
Kenya

Mogens Toft

Managing Director
Crystal 011 Mills, Ltd.
P.0. Box 421

Accra, Ghana
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COFFEE

The coffee plant grows in tropical areas and the largest amount is

produced in Central America and Africa. Table 1 shows the world production

159

{ambia

While coffee is produced by almost all S.E. Asian countries, large
production is only in India (86,000 tons) and Indonesia (23,000 tons). The
bulk of coffee in India is produced from Coffea arabica, though other
varieties are also becoming popular. The berries are dried, dehulled,
graded and cured. Cured coffee beans are roasted and powdered. Coffee is
also available in the form of flakes or tablets. Decaffeinated coffee and

soluble coffee are also manufactured (2).

I. Wastes and Quantities

The coffee plant is a bush which can grow to more than six feet in
height. It produces a crop of berries at the heart of which is a seed

which when extracted, dried, roasted, and ground yields the familiar coffee

product (3). A longitudinal view of a coffee berry is shown in Figure 1 (3).

of coffee.
Table 1 (1)
1 Coffee, Green
l _ 1974/75 1975/76
) Total Production Total production
Country (in 1000 1bs) % export Value of export (in 1000 1bs) % expor
razil 3,638,250 . 68.6 981 - 742.900 65.2
vory Coast 595,350 98.5 309 615,195 985
uatemala 330,750 88.7 173 ) 363,825 89.4
cuador 155,453 86.6 68 i 108,486 80.2
Peru 119,070 7.1 KL 119.070 70.4
Folumbia 1,190,700 . 82.2 625 ) 1,058,400 78.4
Fhana 5.954 68.9 | 5,954 66.7
Kenya 145,530 97.5 107 ' 154,130 97.5
..fanzania 110,867 . 97.4 53 ) 105,840 87.3
jaire 148,838 80.2 . 134,285 88.7
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Figure 1
Coffee Berry (3)

Longitudinal view of a cotfee berry, showing from the exterior, the
pulp, the mucilage that completely surrounds the seeds, and the
two coflee grains

The overall production estimate for the 1974/1975 crop in Central
America was 415,000 metric tons of dried dehulled coffee, which corres-
ponds to 8.5% of total world production. As with many other agroindustrial
activities all over the world, coffee processing plants have been facing
major waste disposal problems because processing coffee fruits yields for
each ton of dehulled coffee 4.5 tons of by-products (Table 2) (3). About
1.2 million bags of coffee are produced in Kenya. Assuming the standard
60 kg bag, about 360 million kg of waste are produced from the original
cherries. It was indicated to an AIChE AID/LIFE team (4) that some coffee
factories in Kenya have been threatened with closure due to effluent dump-

ing.
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Coffee Beneficio Wastes Produced in Central

America during the 1974-1975 Season (3)

Melric Tons
Total dried dehulied cotfee production® 415 000
Total coftee berries processed® 2075000
Waste material produced®
Pulp (100:40) 830 000
Mucilage (100:20) 415000
70 000

Hulls {100:3.4Y"
Process waters, million?

& panamerican Collee Bureau estimate (2). ® Frum the ratio, dricd dehull_ed
"coltee: collce perry = 1:5 € Cairulated lrom collae bernes: waste rahos as in-

dicated. 9 Four to 80 gal of water per 100 ib ol callve bernes

(0.7-14) X 10°

*Husk in India - 60,000 tons/yr (2)

II. Coffee Processing

Green coffee is produced in two ways; a dry method and a wet method.
Only Brazil uses the dry proceés and almost all other countries use the
wet process (1). The flow diagram for both processes is shown in Figure 2.

In the wet method coffee berries are first dumped into a receiving
tank full of water. The berries that float are processed separately be-
cause they are of lower quality. The normal coffee berries are transported
with water to the pulpers, where, by mechanical action, the pulp is separated.
Depulped berries are sent to classifiers where unpulped or partially pulped
berries are separated for reprocessing in a "repass" pulper. The main por-
tion of the freshly pulped bean is sent to fermentation tanks. After the
water is drained the masses of beans are left for several days with occa-
sional manual turnover so that the mucilage can be biodegraded by natural
coffee enzymes and microflora. This step by itself is critical to the
coffee's quality.

AfterAfermentation the coffee grains are washed with water in special

channels where again 1ight beans, or "floats" are separated. Washed grains
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rigure <

Green Coffee Production Processes (1)

Fresh ::> _ :
i Coffee Pulp
Cherries \ @] E:>
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F7I777777777777

" Mechanical
De-Pulping

2]

Wet Process Dry Process

Fermentation ‘ ) Mucilage

4:17 <7/" Mucilage
, Washin S Remoy °
Waste Waters <;:31‘-’L;:uf\f’1

| brving |
O

‘6reen’ Coffee

are sent to drying terraces (patios) where moisture is evaporated by solar
energy until a‘critica] level is reached; then the grains go to rotary
dryers where moisture is reduced to about 10%. The dry coffee grains are
then mechahiéé]]y dehulled and the dehulled grains or green coffee is bagged
and exported (3). The details of a coffee processing plant in Kenya visited
by the third AIChE team is given in a separate appendix.

The raw coffee contains 10% oil and wax. The bean oil has the fo]lbw-
ing characteristics: S.G. 0.94; soap value 16C-180; iodine value 79-98;
unsaponifiable matter 6-10%; saturated acids 37-40%; and unsaturated acids
51-54%. It majiﬁe worthwhile to explore the possibility of extracting the

oil before roasting (2).



III. Current Disposition of the Wastes

The wastes generated during the production of green coffee are:

coffee pulp
hulls

- mucilage

wash water

. fermentation water

Coffee pulp,
wastewater.

beneficios.

mucilage, wash water and fermentation water are part of the
Table 3 shows an analysis of the wastewater from two coffee

The average per cent composition of husks from C. arabica and

C. robusta (India) is given in Table 4.

Table 3

Wastewater Analysis of Two Coffee Beneficios (3)

Monlealegre €! Moalino

Pulping Wash Pulping Wash
walers, wales, watlcrs, waler,

o/l g/l g/l g/l

Total COD 28.2 10.5 13.9 29

Soluble COD —_ .0 88 5.2 2.5
Total nitrogen 0.67 0.34 1.39 0.95
Total sohds 16.7 - 7.28 13.15 5.06
Soluble solids — C—- 10.96 3.78

Note: Combined ellluents from benelicxo Curazao, showed solublo COO ranges
of 15-30 g/1. in three months’ samplhing.

Table 4
Husk Composition (2)

C. Arabica C. ﬁobusta
Anh ‘ 605 4-4
Protein , 9.2 - 9.0
Crude fibre 39.1 38,0
Water extract 25-135 30-40

Caffeine . 003 - 0-6 Q.2 = 005
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The amount of fresh pulp generated at a processing operation can be
calculcted as being roughly twice the weight of green coffee produced (1).
In its fresh form the pulp contains about 42%-43% moisture and 9%-10%
sugars. Therefore, the quantities of coffee pulp sugars generated by
processing can be obtained by multiplying the weights of green coffee in
Table 1 by 0.19 (or about 20% of green coffee weight).

The pulp is practically all used today as agricultural mulch and soil
conditioner and the hulls, mostly cellulose and related polysaccharides
are burned to heat the dryers in the coffee p]ant(é). In India, the husk
is composted and used as manure on the plantation. It has also been used
as a nutritious roughage (2).

In many countries while pulp is sometimes used as a fertilizer or as
a soil conditioner it is more often dumped, either into rivers, or into
large heaps where it is allowed to decompose. A number of attempts have
been made to find a more productive use for this pulp but those have had
‘limited success due primarily to its high moisture content and to its con-
tent of certain toxic products (5).

Mucilage and the end products generated by its natural fermentation,
accumulate in the processing waters (Figure 3). In processing units where
water is plentiful, it is used once-through in the opefation énd discarded
directly into rivers. Where water is scarce, water recycling is practiced
and effluents are accumulated in evaporation ponds for anaerobic digestion
(3). A

In Kenya large quantities of hulls, skins and mucilage are generated
(1). The polysaccharides (mucilage) are washed away. The cherry skins are
used as mulch or are left on pi]es,’and the bean shells and silver skins

are wasted. The leaves can be used for cattle concentrate (4).
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Production and Utilization of Coffee Wastes (3
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IV. Utilization of the Residues

A. Pulp as Animal Feed (5)

In recent years there has been some interest in Central America in
examining the potential of dried coffee pulp as a livestock feed. The
'significance of this can be appreciated from the fact that there is a poten-
tial for producing between one and one-and-a-half miliion metric tons of
dried coffee pulp every year in Latin America alone. This pulp consists
mainly of carbohydrate but also has around 10% of good quality protein.
Theoretically, it should be possible to use the pulp to replace cereal grains
(which are frequently imported in Latin America) as a component of com-
pounded Tivestock feeds. However, in practice the use of coffee pulp in
animal rations causes a reduction in both liveweight gain and milk pro-
duction.

In order to investigate the reason for this, IDRC approved a project
early in 1973 to enable the Nutritional Institute of Central America and Pan-

ama (INCAP) to intensify their work on developing practical and economic
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rations for livestock based on the use of high levels of coffee pulp. INCAP
is attached to the Panamerican Health Organization and is recognized by the
University of Guatemala. The research is being led by Dr. Ricardo Bressani,
Head of the Institute's Agricultural and Food Science Division. The goals of
the project are to identify the substances present in coffee pulp that are
responsible for its inhibitionary effect in animal rations and in develop-
ing processing techniques to reduce or eliminate the toxic substances in
order to improve the nutritional value of the pulp.

The researchers have determined that there are at least three
groups of substances in the pulp which act as inhibitors of growth. One of
these is caffeine, which appears to increase the animals' thirst and sub-
sequently leads to an increased urinary output. With diets high in coffee
pulp this reduces protein retention unless supplementary protein is given in
the diet. Other growth inhibitors in the pulp are tannins and polyphenols.
The exact mechanism of the effects of these compounds is not fully understood
but it appears that they also inhibit protein digestibility, so that when
rations containing more than 15 to 20% of coffee pulp are used they re-
quire to be supplemented by expensive protein if weight gains are to be
maintained. Since coffee pulp can be collected, dried and marketed at a
price equivalent to about a third of that of cereals, it would be an ex-
tremely attractive proposition to be able to include it in rations at
levels of 40 to 60%. However, for this to be done the effects of the toxic
elements must first be either reduced or eliminated.

Work done to date has shown that the toxicity can be reduced by
aging the pulp, by ensiling it before drying it and by decaffeination
through washing. Further work on these techniques is in progress and.a

follow-up project is under discussion which has the objective of determin-
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ing the precise significance of the individual toxic substance and of
refining the techniques for neutralizing or eliminating them. At the same
time it is planned to develop a program at the farm level to assess the
economic merits of the technology already developed for using coffee

pulp at levels of 15 to 20% in the rations of cattle and swine.

B. Growth of Fungi on Coffee Wastes

A joint project between Denver Research Institute and the Central
American Research Institute for Industry (ICAITI, Guatemala) is being
conducted on growing fungi on organic wastes from the rum distilling and
the coffee processing industry in Central America (6). The plan called for
research to be carried on at both institutes on the fermentation of the
wastes with Fungi Imperfecti in order to produce cell biomass for use in an
animal-feed supplement. A three-phaée program was planned. Phase A, now
completed, involved the screening of many fungus cultures on the wastes in
order to select those giving the highest growth rates and maximum biomass.
Phase B involved growth-optimization studies on the selected fungi,
Paecilomyces elegans, Aspergillus oryzae, Myrothecium verrucaria, and
Trichoderma viride, in laboratory fermentors up to 14-Titer size, and the
development of a simple and economical continuous nonaseptic fermentation
process for producing a good yield of cell biomass. The four fungi men-
tioned have been cultivated successfully in both batch and continuous
fermentation under both aseptic and nonaseptic conditions on blackstrap
molasses medium and spent wash from a rum distillery. A1l have also been
cultivated in aseptic batch-type fermentations on coffee-processing wastes.
Chemical analyses showed that A. oryzae had a significantly higher protein
content than the other fungi. Continuous nonaseptic fermentations of coffee
wastes have therefore been carried out only with this culture. Sufficient

mycelium has now been produced for the initiation of AQAC protein-efficiency-



ratio feeding tests on groups of 10 weanling white rats. If the feeding

tests give encouraging results, Phase C, "Pilot Plant Construction and

Scale-Up", will be undertaken (4).
The ICAITI project of greatest interest to the second AIChE team (1)

jnvolved the aerobic non-aseptic growth of T. harzianum on coffee waste

waters. “T. harzianum Rifai" fungi showed good growth near pH 2.0 where
contamination was relatively low. Experimental fermentation, both batch
and continuous, were monitored for pH, oxygen consumption, cell mass, COD,
and nitrogen and phosphorous concentration. 73% of the initial COD was
consumed in 24 h while a net gain of 3.2 g/1. of solids was achieved.
Since the fresh medium contains some suspended solids, a more meaningful
measurement of cell mass increase was obtained by determining the Kjeldahl
protein content of the dried solids. Such assay showed an increase in
protein of up to 56% of the dry solids at the end of the batch (3).

The microbial protein produced from this process is intended for use
as monogastric animal feed. A pilot facility located in San Salvador, C.A.

has been operated with some success. Additional pilot studies are scheduled

3

for early next year at ICAITI using a newly installed 7m” airlift fermentor

(1). The most important factor to be taken into account is that higher
productivity of the batchwise plant could be obtained if a higher concentra-
tion of carbohydrates and soluble solids were present in the feed. This
situation could be achieved by modification of the beneficio operation -
i.e., m:chanical removal of a major part of the mucilage, using as little
water as possible, before it is broken down by natural fermentation (3).
From cursory observations (1), problems with oxygen transfer seem to
be the limiting processing factor while the economics of the process are
still questionable. At present, coffee processing in San Salvador yields

a waste much higher in BOD than in other parts of Central America and is



really the only country which might benefit from such a process. Feed 169
prices, with the exception of cotton seed meal, range between $240 to $360
per ton. It is hoped that the microbial protein from this process could be
produced for under $200 per ton.
Yeast, especially Candida sp. was another alternative selection for
a suitable microorganism, although traditionally yeast has been grown in
such liquid by-products as cane molasses, sulfite spent liquor and whey.
Since yeast is usually grown batchwise under aseptic conditions, it re-
| quires a large fixed investment. Although fungi can also be grown batch-

wise, they can be handled under septic conditions via a more simple process

(3).

V. Summary and Conclusions

Runoff from discarded pulp and wash and waste waters evidently are an
environmental nuisance in some parts of coffee-growing areas; especially so
where water is limited. The major impact is evidently the oxygen depletion
of streams although the odors and vermin spawned by pulp dumps are also
bothersome (1). Hence utilization of these wastes would be worthwhile. The
utilization of coffee grounds does not present serious problems. Research
into further utilization of these end products is well underway. However,
with an increasing production of instant coffee in developing countries,
new pathways of residue utilization might have tc be pursued (7).

Th~ third AIChE site visit team (4) indicated that fermentation of
coffee mucilage to single cell protein would be a suitable project in
Kenya. Kenya has a nucleus of trained personnel and good facilities at the
University of Nairobi, and to a somewhat lesser extent at Egerton College,
and a growing environmental awareness. However, USAID involvement in

coffee waste processing is not recommended because (1)
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a) Very good work has been and is being done oﬁ this problem by
the ICAITI group of Mr. Carlos Rolz in Guatemala. They have
investigated several uses for pulp sugars, and are carrying
out a fermentation process development at the present time.

b) Most coffee processors are small. Transportation in coffee
growing areas is usually difficult. Thus, it is not feasible
for one processor alone to justify capital investment for a
waste processing p]ant,}and doubtful whether the wastes could
be collected at a centrai facility for processing on a larger

scale.
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Coffee Processing Plant in Kenya (4)

Corina Coffee Plant
Del Monte Ltd.
Thika

Present:

David Harries, Plant Manager, Corina Coffee Plant
G. B, Adams, Kenya Canners

H. H. Schopmeyer, Peter J. Reilly, and Stanley M. Barmett, AIChE/LIFE

Del Monte processes coffee by the wet process (seen by the second
term in Guatamala and Colombia) not far from the pineapple cannery, after
growing the berries itself on land rented from the government. The berries
are picked by hand and delivered to the plant by truck for hulling.

Preferably they should be deep red to slightly brown in color. The

first step consists in removing the outer husk, which is done by a pulper,

which consists of a steel burr which is set to rub the berry against a
rigid bar to break the outer shell or husk loose without breaking the
coffee bean {inside. Under the outer shell is a layer of mucilage about
1/16 in. thick which must be removed by fermentation. The hulled beans
from the pulper are flushed into concrete bins about 6 ft deep, 8 ft wide
and 20 ft long. The water is drained off and the beans allowed to stand
for about two days, during which time considerable fermentation by wild
yeast takes place to loosen the mucilage. The beans are washed from

the fermentation bins into a second bin and held for an additional 12 hr
. to remove additional mucilage, then run to a concrete tank about 20 ft in
diameter equipped to hold a layer of beans about 3 ft deep. Atmospheric
air is blown underneath the beans to dry them from 50% moisture to about
407 moisture. From this stage the beans are spread over long trays about
3 ft wide and 50 ft long and about 3 ft above the ground, covered with
black plastic sheets, and allowed to dry in the sun for about 7 days with

hand turning to about 10% owisture.
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An alternate scheme for drying coffee beans has been installed,
which consists of an open steel tank about 15 ft in diameter equipped
wvith a perforated screen false bottom, so that heated air from an oil
burner can be blown up through the coffee beans. The beans can be agi-
tated by a number of ploughs during drying so that they dry uniformly
and do not overheat. |

The dried beams ﬁave aﬁ outer layer called "silver skin" which
must be removed. This is done at a central plant operated by the company
in Nairobi. The silver skin or hull amounts to abéut 50 to 60% of the
weight of the beans from the dryer on lightweiéht coffee beans and
from 20-237 of dried heavy beans. The silver skin is largely fiber
and i8 of no commercial value at present. After removal of the silver
skin the beans are ready for roasting, which is generally done in the
countty‘purchasing thenm,

One ton of skinned 107, moisture beans requires 6 tons of fresh
picked beans.

The outer hull which is removed during the pulping operation is
run along with the wash water into a large pit to rot. It is later used
as a mulch around the coffee trees.

Two kinds of éoffge are grown in the various coffee producing countries:
arabica, which is considered to be superior, and robusta, which is con-
sidered an inferior grade. Kenya growé argbica coffee and produces about

1,200,000 bags/yr of the world's 80,000,000 bags/yr production. .



FISH WASTES

The impending world food and population situation has

made it imperative that the most effective use of all available

fish resources for human consumption should be carefully re-
viewed. The maximum benefits must be derived particularly

in tropical areas where there is animal protein deficiency in
food consumed. It has been the expressed concern of many de-
veloping countries that mechanized fishing off their shores
remove larqge quantitieé of fish which, whether as fishmeal or
quality products, are destined for the consumption of more
developed and much richer countries where there is no animal
protein malrnutrition or even food shortage. 1In developing
countries the former attitude, that the quick basis for the
industrial development of fisheries can best be established
through fishmeal production and other export products like
lobster, shrimp, tuna is gradually giving way to the need for

the industry to focus on domestic self-sufficiency in food.

This has elevated the value and importance of fish as an impor-
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tant protein source and thus its transformation and presentation

as highly acceptable hygienic¢ product for human consumption.

This change in policy is being brought about by higher import
costs of food, inflationary costs of imported machinery and

technology, the law of the sea portents and considerations and

improved processing technology like meat and bone separators (1).

The major fish wastes are trash fish (especially from
shrimp trawling operations), pollutants from fish processing

operations e.qg., stickwater, and wastage due to spoilage, poor



handling, or insect infestation. Fish processing wastes are
somewhat used. However, up to 10 million tons per annum may
be wasted from the other sources.

Fishmeal production is by far the primary end product for
those fish wastes which are presently utilized. Fermentation
of fish waste into fish silage has received a great deal of
attention in recent years as a means for the production of
animal feed, or Qerhaps even human food. There are also a large
number of relatively new and innovative ideas for new products
and markets for fish waste.

The projected protein requirements in developing countries
are high. Fish protein is badly needed to help fill the gap
between available protein and these protein needs. There are
severe economic and nutritional problems caused by loss and
wastage of world fish resources. As there is every indication
that exploitation is approaching the maximum in many areas, the
only room for further increase of production will be by more
effective utilization. There is thus an urgent need for de-

velopment of technology in this area (2).

I. Residues

The major residues and losses in the fishery industries
fall into three broad areas:

A. Trash Fish

In many fishing operations, particularly trawling, con-
siderable quantities of low value or undesirable species are

taken incidentally to the target species. Where the difference
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in value is great, such as in the shrimp trawling industry.
The low value species are frequently discarded immediately
after the catch. It has been conservatively estimated that
5 million tons of by-catch is discarded annually by shrimp
trawlers. This represents a net loss as the fish is dead when
returned to the sea (3). A detailed description will be given
on uses of trash fish.

B. Processing Wastes

Potential pollutants from fish processing operations which
are discharged into water bodies or the atmosphere lead .o en-
vironmental hazard as well as protein loss. These can range
from the discharge of large volumes of effluent with high BOD
to disposal of processing offal in unsanitary circumstances.
There is no data to quantify these losses (2).

Fish and shellfish wastes from processing plants apparently
do not create a significant environmental problem in developing
countries. The major processing‘industries are frozen seafood
and canning. The wastes from the frozen fish industry are
entrails, gills, skins, fins, etc. Heads, claws, and shells
result from processing shellfish, and stickwater results from
canneries (3). These industries are presently conveiting mose
of these wastes into fishmeal or fermenting them to fish silage.
This waste utilization, however, is for economic rather than
environmental reasons. It should be noted that large fish
processing industries can handle their wastes more efficiently
than the many small processors which dot the coasts of developing

countries.



C. Spoiled Fish

The third major area where high losses occur is where
fish is allowed to spoil or lose nutritional value as a result
of bad handling or processing, before reaching the consumer.
This can result from heavy landings without corresponding shore
processing facilities or losses of dried fish from infestation
by insects and rodents, representing a net loss of protein. It
is difficult to quantify these losses, but an overall figure
of 30% would not be unreasonable (2). In some areas losses of
up to 50 percent are guoted, particularly for dried products
by a large number of widely dispersed efforts in developing
countries. It is difficult to quantify spoilage and infestation
losses as catch statistics are less than adequate and figures
are only available from a few limited studies. A global figure,
often quoted but probably subject to wide error, is 5 million

tons per year.

By its nature, fishing is seasonal and losses are parti-
cularly likely to occur at peak fishing seasons. Most of the
by-catch discarded by shrimp trawlers is in developing tro-
pical countries. These countries also account for a high pro-
portion of spoilage and infestation losses during processing
and distribution. Additionally, economics force the population
to consume some spoiled or infested fish. The only alternative
is direct feeding to domestic animals (ducks and pigs) or farmed
fish. 1In developing countries, potential pollution from fish

processing is not considered a major problem except where high
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volume operations, such as fish meal production or fish pro-

cessing are established.

ITI. The Utilization of By-Catch in Shrimp Fisheries (1)

The shrimp trawling by-catch of fish is a resource which
offers an opportunity for food supply from tropical sea areas
adjacent to countries whose populations are short of fish sup-
plies. The vessels which are used, have been designed exclu-
sively to cater for the shrimp caught. However, large quantities
of fish are caught incidentally in the fishing operation and
this "by-catch" is discarded at sea, or, in a few cases, con-
verted to animal feeds. The value of this fish (about US 10
cents/lb average) compared adversely with shrimp (at least US
$1/1b).

The problem is not only economic but also technological.

In the tropical seas the number of fish species caught in a
trawl may be at least 20 and more generally 50. They are
variable in size, chemical content (white or 6ily) and among the
mixture some may be poisonous. The quantity of fish caught will
vary with the place (bottom type, depth and currents); time of
day (fish are generally more active in daylight than shrimp);
time of year (the rainy seasons cause outflows from distant
estuaries which affect the availability of fish). Generally

the weight of shrimp caught varies between 10% to 30% of the
total landed by the trawl. The bulk of edible fish is thus

at least 3 to 9 times the amount of shrimp caught. As some’

species of fish become mature and gravid the chemical composition



of the flesh and even its palatability varies. This mixed
bag would be even difficult to process by reduction without
some sorting between o0ily and white fish types. The crew
abroad are too few to sort the bulk of fish since there is
little time between the landing of the trawls. The operation
is nocturnal.

For all practical purposes and operational efficiency,
only the major quantities of acceptable market fish can be
-considered for collection aboard or easy processing ashore.
Further, their availability must be assessed before indus-
trial-scale processing can be considered. When such assess-
ments were made along the Guyana shelf it was estimated that
there was about 200,000 tons of consumable fish, involving 8
major "white-flesh" types, which can be obtained annually from
the fleet of between 175 and 210 trawlers. By contrast the
countries of the Caribbean import the equivalent of 150,000
tons of fresh fish annually. To test the particality of using
this fish the last few days' catch of marketable fish was re-
quired from each trawler coming to Port of Georgetown. This
catch totalled annually about 2400 tons which was to be con-
verted into fish products which had been traditionally imported
(i.e. salted and smoked fish). Additionally fresh fish sales
were increased.

However the sudden volume of fish brought into the market
circuit created problems in the handling, processing, cold
storage and sales/distribution. This large through-put from
trawl landings to the consuming public is not an easy transition

in a tropical country unless an efficient industrial infra-



structure for handling fresh or iced fish exists. With fish
spoilage and waste a spirit of frustrating discouragement
feeds back both to the shore handlers and the fisherman who
bring in the by-catch.

Additional products are being prepared from fish flesh
of mixed species obtained through the use of meat and bone
separatdrs. It is planned that these comminuted fish products
will form the basis of a new series of products to make use of
the bulk of fish obtained as the trawler by-catch. The mixed
fish flesh will thus not be readily identified as to species
and form a new material from which hygienic edible products of
both low-value and speciality types are made.

At an IDRC workshop held in Thailand (1974) similar si-
tuations were described in South East Asia. A parallel approach
was being made through their fish technology laboratories in
India, the Gulf of Thailand and Indonesia to solve the problem
of the waste of the by-catch. It was pointed out that without
any increase in fishing effort on the stocks of fish, more than
1 million tons can be thus available from the by-catch of shrimp
trawling in that area.

Since it is generally accepted that such a waste of con-
sumable fish is unacceptable, solutions for its satisfactory
use are being sought throughout the tropical world. These
approaches are considering ways of handling the fish at sea;
systems for collecting and transportation from shrimp trawlers

and the processing of a mixed bag of species.



The development of shrimp/fish separator trawls had given
promise that this could facilitate the sorting of fish at sea.
However, until the bulk handling of the by~catch can be proven
practical and efficient at low cost, industrial scale processing
ashore will not be readily applicable since the landed costs of
the fish will be too high (before processing) for low-income
consumers which is the target population.

Processing of the mixed bag of fish has been experimented -
with using deboning machines which provided an extruded flesh
quite free of bones, scales and skin. This waste can be con-
verted to fish méal while comminuted fish flesh is now a new
raw material, comprising of various species of fish which can-
not be visually identified by the consumer. Tests have been
conducted in the IDRC project in Guyana using the comminuted
flesh to make dried, spiced, or salted products which ave
stable at normal temperatures and can be packaged in sealed
plastic bags and sold at low cost. Additionally the project
pPlans to make products of higher market value. That portion
of the catch which comprises fish of high consumer demand
(whether through species or size) is to be processed as fillets -
or speciality products. The higher value products are in-
tended to contribute appreciably to the processing costs per-
mitting the bulk preparation of the lower~cost stable fish
products which can be within the reach of rural and remote
communities where electricity and refrigerated household or
market storage are not widely available.

"It is noteworthy that such products have also been made

in other laboratories. A recommendation has hecn made that
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industry should develop further their pilot operations using
their locally designed machines. The products have a ready

market acceptance.

ITII. General Fish Waste Utilization Techniques

Most of the fish waste which is presently used is used as
fish meal. This industry is fairly large and well developed
in some tropical countries while being gquite primitive in others.
With enormous fish wastes available, India produces only 5000
tons of fish meal. The present method of production, namely
sundrying and powdering, is also inefficient and unhygienic
leading to contamination of product with pathogens and sand (4).

There are a number of fermentation processes which have
been applied to fish waste. These methods are primarily for
the production of animal feed although they may be adapted
to human food manufacture. Molasses or crude tapioca can be
used as the necessary carbohydrate additive. This appears to
be a useful method for utilizing the enormous amount of wasted
trash fish.

A number of more end uses for fish waste have been developed
in recent years, the most promising of which may be an extruded
fish product from the mixed flesh of deboned trash fish species.
Shellfish waste have also found new outlets recently.

A. Stickwater

Stickwater is the effluent produced during preparation of
tuna blood meat and other canned fishes. After the fish is
deboned and readied for canning, the blood meat or residue is

boiled for use as animal feed. O0il is reclaimed by passing the



cooking water through a centrifuge. The oil-free waste scream-
the stickwater-is actually laden with valuable soluble com-
ponents such as proteins, lipids, mineral salts and B-complex
vitamins.

Without proper treatment stickwater presents a major pol-
lution and/or sewage headache. For example, National Packing
Company, the Puerto Rico based subsidiary of Ralston Purina,
produces about 900,000 cans of "Chicken of the Sea" tuna daily.
An average production schedule yields as much as 9 tons of
stickwater per hr. Waste treatment planning suggested using an
evaporator to economically harvest its solids content for sale
as a feed supplement.

A triple effect, forced circulation evaporator was chosen
using horizontal heating surface to minimize fouling (5). Feed
liquor into the evaporating system contains 5% solids, with
discharge containing 50%. During normal operations a production
rate of 1,8000 lbs/hr. of concentrate is realized from each
18,000 lbs/hr. of feed. Distillate is channeled from the evap-
orator through a secondary water treatment System before it is
sent to the sewer. The reclaimed valuable wet solids are sent
into retainer tanks at the plant for shipment to customers.

In Peru, stickwater is concentrated by ultrafiltration or
evaporation, and the concentrate added back prior to drying (6).
In Sri Lanka, stickwater is evaporated and added to fish meal
at one plant and wasted at another (7). Nippon Junyaku Co.,
Ltd. of Japan has developed a process to recover protein from

fish processing waste water by adjusting the PH to 5-6 and
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adding air and a polyacrylic salt to precipitate the protein (8).

B. Fish Meal Production

Of the countries visited by the second AIChE team (6),
Peru is the only one which has a significant fish meal processing
industry and, Peru's is one of the largest in the world. The
following table shows fish catch, meal and oil production, and

other data for the Peruvian industry for the past two years.

TABLE 1

-‘Peruvian Fishmeal Production

Fishmeal: Estimate.’ supply and distribution

Calendar Fish Meal extraction Stocks Domestic
Year Catch rate Production Jan. 1 Supply Consumption Exporte
' 1000 Percent 1000 metric 1000 1000 1000 1000
metric tons metric metric metric metric
tons tons tons tons tons
1975 5,000 22.0 1,100 220 1,220 120 1,550
1976 6,000 22.0 1,220 200 1,520 .120 1,280

Fish 0i1: Estimated supply and distribution

Calendar Fish 011 extraction - Stocks Domestic
Year Catch rate Production Jan. 1 Supply Consumption Exports
1000 Percent 1000 1000 1000 1000 1000
metric metric metric metric metric metric
tons tons tons tons tons tons
1975 5,000 6.5 325 75 400 90 175
1976 6,000 5.8 350 135 485 115 250

No data was obtained on the amount of wastes generated by the industry.



Fish meal is a major source of feed protein and is produced
domestically from several meal and oil plants located on the
Pacific seacoast. The government requires the industry to sell.
20% of its production volume on the domestic market. The result
is the availability of fish meal on the domestic market at an
astonishingly low cost of 190-210 U.S. $/ton. Using a protein
content of 66% this material supplies protein at a cost of 14.4-
15.9 U.S. ¢/1b. protein. Value of fish meal on the world market
is about 100 $/ton U.S. higher than its price on the domestic
market (6).

Feed millers are able to obtain as much fish meal as tley
can use. However, a defacto limitation is placed on the dem;ﬁdif
for the material because of the predominance of poultry feeds
and the fact that only a specific percentage of fish meal (less
than total protein requirements) can be incorporated into the
feed to prevent "fishy" tastes in meat and eggs (5).

In one plant in Sri Lanka (7), heads, tails, guts, and
shells are processed into fish meal by grinding. pressure cooking,
and vacuum evaporating with steam to 10% moisture. The material
is 45-60% protein and 3% or less salt, and comprises a quarter
of the total catch. It is fed to poultry and swine, but not to
cattle. Stickwater is vacuum evaporated and added to fish meal
at this plant.

C. Fermentation

The numerous fermented fish products of the tropics
Play an important role in the local food complex. Their

manufacturing process have been developed over long periods
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to suit the climatic conditions and specific market demands.
The level of technology varied but all processes are based
on the proteolytic action of enzymes originating either from
the fish, from the developing microflora or from both (9).

The renewed interest in fish fermentation is related to the
desire to make the maximum use of trash fish and fish offal in
situations where the quantity involved or the transport costs
prohibit conversion into fish meal. This situation, which usually
occurs in small fishing communities remote from the main fish
processing centres, is most common in tropical countries (10).

In small scale fisheries in the tropics daily and/cr seasonal
gluts of fish are common. Because of transport difficulities
and inadequate processing facilities these surplus fish are often
under-utilized. The quantities involved do not permit profitable
fish meal manufacture as even the most modest fish meal plant
requires regular supplies of several tons of raw material per
day for viable operation. Ironically countries in this sit-
uation are often importing substantial quantities of fish meal
to support théir expanding animal production industries. Hence,
a need exists for producing animal feed from trash fish at the
village level.

Table 2 is a summary of fermentation methods which have
been used for fish (11). These methods have a number of ad-
vantages from the point of view of their utilization under South
East Asian conditions in that they do not require the utilization

of imported additives, or particularly, chemicals which might be



TABLE 2

SUMMARY OF FERMENTATION METHODS (11)

Product

Preservation
method

Disadvantages
for use in S.E.
Asia

Group

Group

Group

Group

Fermented fish
products of S. E.
Asia. eg. "nam~pla'
'I'haila.ndg *budu'
Malaysia).

AIV silage for
forage crops and
other animal
proteins.

Chemical éilasﬁ
for forage crops
and fish.

Biological silage
for forage and
fish

Addition of
15=20% salt,
anaerobic
fermentation

Addition of
strong mineral
acids eg.

hydrochloric and.

sulphuric acids.

Addition of
organic acids.

Fermentation by

“lactic acid

bacteria

1.

1.

2.

3.

1.

High salt content
limits protein
intake.

Danger in handling
strong acids.

Requires neutral-
isation before
feeding-

Large production
of silage juices.

As group 2.

Most suitable
for S.E. Asian
conditions.

dangerous in high concentration.

Over the years, experiments

have been continued on the fermentation of fish in order to

obtain a produc+ suitable for human consumption.

Although some

products have been found of an acceptable quality no serious

attempts have been made to market them (7).

Practical approach for small scale

Low salt fermentation Processes appear to be the most

operations in tropical
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environments for conserving trash fish. Materials common to

the tropics can be used as carbohydrate sources for the fermen-
tation, e.g. molasses, tapioca, cereal meal and malts. The end
product of the fermentation is potentially to be used for either
human food or an animal food. In the long term fermented low
salt products might be of advantage for the human market, sub-
ject to the observation of the necessary food safety precautions,
mainly to avoid hazards arising from toxin producing micro-
organisms and heavy metals.

Feeding trials carried out with fish silage made by lactic
fermentation have shown that it is a good protein source for
cattle and for broilers and laying hens. The work carried out
so far indicates that fish silage can be made successfully under
local ambient conditions, using local raw materials. The process
does not need aseptic precautions, and it is impractical to be
conducted aseptically. Although the process is simple, it is
a controlled fermentation and certain precautions must be ob-
served for a good fermentation. The first is the intimacy of
the admixture of starch and fish. Thus the fish has to be finely
comminuted and thoroughly mixed with the starch and other ad-
ditives. A sufficient amount of carbohydrate has to be added to
supply a fermentable source of sugars. The amount of carbohydrate
necessary depends on the type of carbohydrate and the type of
fish and has to be tried out for each type of raw material.
However, the amount of carbohydrate can vary from 10% to 50% of

the total weight.



The addition of an amylolytic enzyme source is also nec-
essary so that the starch or carbohydrate can be hydrolyzed to
sugars. A starter culture of lactic acid bacteria is also
essential in order to cause a rapid drop in the pH of the mix-
ture and prevent putrefaction. Finally, the fermentation should
be carried out under anaerobic conditions to favour the growth
of the lactic acid bacteria.

The earlier experiments have shown that mixtures of 50%
fish to 50% carbohydrates will produce successful silages. How-
ever the volume of carbohydrate that has to be added could prove
uneconomical. The alternative approach of adding small quan-
tities of salt would appear to give a more practical process
as the amount of carbohydrate required is much less.

A process for producing fish cheese from trash fish,
gimilar to low salt lactic acid fermentation for making fish
silage, has been developed (9). The product is intended for
human consumption.

D. A Dried Fish Silage Product (10, 12)

Propical Products Institute of London is investigating
a means of producing dry animal feed at the village level. The
procéss involves very simple equipment and skilled manpower is
not necessary. Fish or fish offal is minced and acidified with
a mineral acid to pH 3.0. Approximately 0.5 to 1.0% of formic
acid is then added, largely as a preservative. Under these
conditions the enzymes within the fish break down the tissues,
and after 4 or 5 days the product becomes liquid. This product

is known as fish silage. Fifty percent powdered cassava or
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maize is then mixed with the silage to absorb most of the water.
The resulting paste is then dried in the sun and subsequently
powdered.

The dry powdered product can be handled more easily than
ﬁhe liquid silage, and has additional value as an animal feed.
Feeding trials are at present being carried out. The product
shows considerable promise as a means of utilizing waste fish
in certain situations. Feeding trials with poultry suggest
that the product could be used as a source of protein and energy
for compounding feeding rations for poultry. The preparation of
a dried silage product requires little skill and the equipment
is very cheap. It is also dependent upon a supply oi cheap
labour.

A variety of fish silage products have been prepared in
Ghana, Malawi and Brunei. In the Solomon Islands the intention
is to prepare fish silage (either liquid or dried) as a means of
utilizing offal and waste from a tuna cannery. Up to 4 tons of
material per day are available but this is insufficient to jus-
tify a fish meal plant. The silage will be fed to pigs as a
replacement for imported fish meal, this saving valuable foreign
exchange.

E. Production of a Functional Protein From Fish Waste by
Enzymatic Digestion (13)

Pilot plant studies are currently underway on producing
a functional, soluble, high-quality protein product, which could
have immediate marketability as a milk solids substitute in

animal feed formulations and a good potential as a human food



additive. Figure 1 presents a flow chart of the enzyme digest
F.P.C. process.

First, the raw material is mechanically deboned. The
skin and bones can be dumped overboard if processed at sea,
or reduced to meal or fertilizer ashore. The fish flesh is
homogenized with water and placed into the enzyme reactor.
Pepsin is the enzyme chosen for this process, since it allows
good yields of soluble protein and has a low pH optimum (pH 2),
resulting in minimal bacteriolngical problems during processing
(7, 8). The enzyme breaks up the natural long-chain, high
molecular weight fish proteins into smaller poly-peptides,
peptides, and amino acids with an average length of three or
four amino acid residues. These shorter molecules are very
soluble in water and can be mechanically separated from most of
the lipid present, and the insoluble sludge fraction can be
separated by centrifugation. The soluble protein fraction,
after centrifugation, is still at a low pH and must be neu-
tralized before being dried. This is accomplished in an anion
exchange reactor, where the H' ions are removed from the solution.
The ion exchange resin is regenerated and recycled. The neu-
tralized liquid is then concentrated and spray dried.

The raw material for this process can come from various
sources, mainly process wastes, as f;om fillet and canning
lines, and underutilized industrial (or trash) fish. The
original development work on this process used English sole
fillet waste. The process has also been shown to work well on

salmon waste, assorted trash fish, and shrimp from "dirty"
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shrimp trawls, and on hake. If the in-plant type waste is
treated in a sanitary fashion, the flesh can be used directly
for human food by various processes of deboning and patty or
artificial cutlet information. However, even poorly treated
Scraps off the process room floor make acceptable input for
the enzyme process. VYields will be somewhat lower for very
poorly treated fish, since the lipid tends to become more
tightly bound in lipo-protein complexes, and emulsions result
which lower the soluble protein fraction during centrifugation.

Listed in Figure 2 are numbers for both an underutilized
species (hake) and fish waste (cod fillet trimmings). Hake gets
up to 80% recovery deboned, less if small or if a lot of shrimp
waste is included. The fillet waste gives a yield of about 50%.
Hake is also slightly higher in protein, 13% compared to
11 1/2% for the fillet waste. Pepsin is the largest process
expense at the current price of $28 per round (USA) but there
is confidence this cost can be substantially reduced. The raw
material being used is hog stomach mucosa, giving about 4% yield
of 1:10,000 N.F. pepsin.

The sludge is about 9% protein, has a good amino acid
array, and is proposed as an animal feed, especially in for-
mulations such as aquaculture fish feed, where insolubility
is a positive factor. Inside the box in Figure 2, 2,700 gallons
of liquid at about 7.5% protein goes to the anion exchanger.
Nine hundred gallons of mixed bed resin will bring the pH to
7, and require 1,800 gallons of 1 N NaOH for reconversion. It

is anticipated that both these quantities can be reduced. On
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HAKE

23400
18700 (80%)

2430 (13%)

raw product (1b.)
deboned (1b.)

protein (1b.)

FISH WASTE

42000
21000 (507%)

2430 (11.6%)

193

$468LK.02) Dollars $4201(.01)
FPC Sludge 8400 1b.
—
PLANT 730 1b. protein
28 1b. Pepsin 707 protein Salt Hp0 & NaOH
§700 —> recovery 1800 gal.
One Ton FPC

1700 1b. protein

Figure 2 - Protein Balance - One Ton Final Product (85% Protein)
(14).

the basis presented here, the per final product pound costs for
pepsin are $0.35; for raw material, $0.23; and estimating
$0.20-0.25 for processing, this product could be put out the

door at a cost on the order of $0.80 per pound in the USA. This
compares well with non-fat milk solids selling now at about $0.60
per pound at 35% protein, and with casein selling at $1.65 per

pound.
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F. Deboned Trash Fish (14)

Recently a new fish meat/bone separator has been developed
and tested at the Technological Laboratories of the Bureau of
Commercial Fisheries, Gloucester, Mass. The unit removes flesh
by squeezing and tearing it from the bone and skin (14). Re-
covered flesh is in comminuted form, therefore it can be used
for preparing three forms of compounded fishery products: fish
cakes, canned fish, and frankfurters. Other possible outlets
for the fish flesh: fresh fish, sausage, croquettes, fish loaf
and jellied roll. Additional uses suggested for recovered fish
flesh are fish protein concentrate with high-protein, low-mineral
content; a wholesome protein additive or substitute in low-cost
protein foods for various feeding programs, e.g. school lunches.
However, further work is necessary to determine the properties
of the recovered meats and to improve their storage stability.

The Resecarch Institute of Fishery Technology, a well
equipped facility in Jakarta is doing research on human food
from trash fish: fish cakes, fish sauces, fish balls (3). Their
technique involves deboning which is not generally used for
trash fish. The ultimate markets for these products is import
to Japan and as a convenience food in big cities. Small scale
marketing studies are beginning. The majority of fish are
caught in east Java and the population center is in west Java;
hence, because of transportation costs, it is more profitable
to import these products to Japan than for use in Indonesian
cities. Use of trash fish based human food products in rural

(
areas would also be difficult because of transportation problems.



G. Chitosan (15)

Chitosan, a byproduct derived from the shells of crustacean
animals, and useful as a chemical agent for treatment of food
processing wastes, is especially effective for coagulation of
suspended solids in such wastes, and the waste-activated sludge
from biological treatment of processing wastes. Because of the
interest in recovering some feed and economic value from the
activated sludge which results from biolg@ical treatment of
wastewater, recent efforts have focused on use of this high-
protein material in fish, poultry, and animal feeds.

A process developed and patented for commercial manufacture
of chitosan from shrimp and crab shells involves decalcification
in a mineral acid, removal of protein with dilute alkali, and
deacetylation of chitin to produce chitosan, a glucosamine
polymer of high molecular weight. The substance effectively
coagulated suspended solids in processing wastes from meac
packing and processing, poultry, sea food, vegetable, cheesze,
and egg-breaking plants. Protein content of coagulated by-
products recovered from these wastes by treatment with chitosan
ranged from 30-70%. Feeding trials with small animals are in
progress to further evaluate the feed value in these coaqulated

byproducts.

Iv. AIChE - AID/LIFE Site Visits

Examples of fish processing operations and waste utili-
zation in areas uncovered as part of the AIChE - AID/LIFE pro-

ject are described below.



A. Ceylon Fisheries Corporation, Sri Lanka (7)

Ceylon Fisheries is a government-owned company with two
processing plants. The one visited in the Colombo harbor area
was built in 1961 with Canadian aid, and produces frozen fish
cuts. There are two tuna boats with freezing facilities which
can go out for 80 days and as much as 2000 miles, and five
trawlers which can go 300-400 miles. These were bought with
government financing and some Canadian aid; the ones in port
appeared to be in poor repair.

Sri Lanka obtains a good share of its animal protein from
the sea, the per capita consumption being 120 1lb/yr of dried,
canned, and fresh seafood. Ceylon Fisheries has a total catch
of 4000-5000 ton/yr, but the imposition of 200-mile limits by
India and Malaysia has seriously reduced its fishing area and
is causing a 900-ton shortfall. The principal catch is yellow-
fin tuna, which is taken mainly by net but also with long lines.
This and other fish for export are frozen.

Heads, tails, guts, and shells are processed into fish
meal by grinding, pressure cooking, and vacuum evaporating with
steam to 10% moisture. The material is 45-60% protein and 3%
or less salt, and comprises a quarter of the total catch. It
is fed to poultry and swine, but not to cattle.

Stickwater is vacuum evaporated and added to fish meal at
this plant, but wasted at the other one. Shark liver oil is
sold locally as a source of vitamins A and D.

B. Tema Food Complex Corporation, Tema, Ghana (7)

Tema is a relatively new planned city created by Kwame Nkrumah
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within commuting distance of Accra. It is a major industrial
center and port, with a mixture of public and private firms.
The Tema Food Complex Corporation, which is government owned,
appears to be the largest food processor in Ghana. It has
flour, oil, and feed mills and a fish cannery with fish meal
production.

The fish cannery produces canned sardines and a meal from
any wastes. The blood water, however, goes back to sea. It
has a 70 ton/day capacity when processing wet anchovies from
offshore. They supplement the local catch with imported smoked
anchovies at 25 cedi/30 kg ($0.33/1b). The complex has a fish
smoking operation and a Frigoscandia cold storage unit with a
5000 ton capacity. The capacities quoted above are probably
name-plate values. The feed and oil mills are operating at
about 40% of capacity due to limitations of raw materials,
supplies, and import restrictions.

C. Mankoadze Fisheries, Ltd., Tema, Ghana (7)

The Mankoadze Fisheries, Ltd., located adjacent to a dock
for large fishing vessels, is privately owned. Tuna is canned
for Starkist now in a 50-50 partnership in place of depleted
herring and mackerel. Before running out of local fish, a fish
meal plant was imported from Norway to process waste. It now
stands idle, as it is more profitable to sell tuna discards
directly to consumers. Trigger fish, an abundant but unfished
local species, is now being considered as fish for meal
production. Because it has no scale, it does not sell locally.

Since it has the same feeding habits as the overfished herring,



its utilization may lower pressure on the more desirable
species. Its a rather interesting fish for processing the
meal, by comparison with menhaden processing in the U.S.,
since the stickwater can be dried and'placed back with the
meal. Anti-oxidants, naturally present in the stickwater
and returned to the meal, prevent rancidity and eliminate
the need for antioxidant additives. The absence of scale
simplifies processing.

Mankoadze still deals in frozen whole fish. The fish
are caught often as far away as Angola, frozen on board, and
sold in cartons to distributors from cold storage. It is one
of three Ghanaian companies in this business.

D. Pesca, Peru (6)

Fish processing in the United States has some problems
with pollution, particularly the waste waters from pressing
and grinding operations. 1In Peru this "stick water” is
concentrated via ultrafiltration or evaporation and is added
back to the fish cake prior to drying. Waste or trash fish
is, by law, processed into fish meal, though there was no
indication whether this meal was mixed with the anchovy meal
which Peru is famous for. Pesca Peru is currently developing
a product for human consumption which is a concentrate of the
press water. It resembles, in color and odor, beef extract
and it is hoped that it will have similar use.

Fish oil finds many uses in Peru. Perhaps too many. The
taste cf fish is in almost everything. Cooking and salad oils

contain upward of 10% fish oil, mayonnaise contains some fish



oil, and chickens are fed a diet rich in fish meal, resulting
in "fishy" tasting poultry and eggs.

Anchovy meal brings a high price on the world market. At
65% protein the current price is $410 per metric ton. Fish oil
is also further processed (hydrogenation and fractionation)
and sold to the chemical industry. In general, the AIChE team
was told that the fish processing industry produces very little
waste that is not recycled in some way.

E. South East Asia (3,4)

In S.E. Asia solid fish wastes are utilized in the form of
fish meal, duck feed, fish sauce and paste and as a fertilizer.
In India the utilization is only partial. Due to the scattered
nature of the processing units, accurate figures of the quantum
of residues are also not available. According to a rough esti-
mate, the annual residue availability is as (in tonnes): prawn
shell and head waste 40,000; lobster wastes 809; fish wastes
(tuna, seer, mackerel, sardine, pomfret) 3,000; frog wastes 5,000;
shark liver residues 2,000; and squilla 100,000 (6).

In Thailand, the trash fish catch is very high due to small
mesh of the nets and also due to close-to-shore fishing. Trash
fish are converted into fish meal along with the canning wastes
generated by two modern and innumerable small canning plants.
Trash fish are also fed directly to ducks. Shark is processed
for shark liver oil. It is claimed that the fishery industry
does not generate any residues which are not utilized. The
treatment given to liquid effluents of fish canning plants or

mode of ‘their disposal could not be ascertained. Out of an



annual catch of 1.5 million tons, 88,221 tons was exported in
1974. The trash fish catch during this year was 0.69 million
tons (6).

In Malaysia and Singapore the fish catch is relatively

small. The Indian fish catch is about 1.4 million tons. Fish
trash, scrap and other wastes are converted into fish meal and
fish manure. Fish o0ils are extracted from sardines and shark
liver. Shark skin is converted into leather. The processing
centres are scattered and all the residues are not utilized (6).

In Indonesia the annual catch in 1973 was 1.3 million tons
and the exports 52,178 tons consisted of frozen shrimp, frozen
frog legs, other frozen fish and salted jelly fish. Indonesia
also imports large quantities of canned fish to meet the domestic
demand . (6) .

From 50,000 to 80,000 metric tons of trash fish (too small
for human consumption) are thrown back into the sea. These could
be used for fish silage or converted into animal feed, an area
in which Tropical Products Institute in London is doing research.
Dr. Stanton at the University of Malaysia is also studying low
salt fermentation for conserving trash fish.

In Sri Lanka, the Co-operative wholesale establishment
(Colombo) is making a concentrate out of dry fish waste, and
converting trash fish (cubies) to powder.

In the Philippines, the total fish catch is about 1.5

million tons. Of the edible fish, 60 percent is consumed fresh
and 40 percent is processed. The trash fish converted is around

10-12 percent which is wholly converted into fish sauce and fish
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paste by fermentation with salt. Fish meal production is still
developing. It uses sharks and seasonal excess catches. Shark
is also processed for liver oil and the residue converted into
fish flour which is exported. Shrimp and fish cracker has a
small market, and fish protein concentrate is at the research
stage. Fresh fish is ground as feed for cultured carnivores
such as eels, catfish, crabs, and shrimp. Shellfish shells

have potential use in the duck industry. Some of the sea shells
are heated in lime kilns to obtain quick lime, converted into
jewelry or other articles, or exported.

In the Philippines, waste materials rejected from the
frozen seafood industry constitutes 80% and 35% of the live
crab and shrimp weights respectively. These wastes include
the shell, the thin claws which still contain meat, and the
shrimp heads. Shrimp heads and thin claws are generally
given away to the factory workers, and the shells are thrown
in garbage dumping areas far from the cities. There have been
some unpublished studies on the utilization of shrimp head
extracts into a ready to use concentrate or sauce condiment
for flavoring of some traditional recipes.

Waste from the frozen fish fillet industry consists mainly
of entrails, gills, fish skin, fins, etc. They are converted
into fish paste (bagoong) and fish sauce (patis). These pro-
ducts are generally prepared by salting the fish materials (3
parts fish: 1 part salt) and allowing the thoroughly mixed
materials to ferment in cemented vats for 3 to 6 months.

Leonor Santos, College of Fisheries, University of



Philippines, Diliman, has conducted studies on the utilization
of fish offals into fish meal and silage. Other studies are
being conducted by the Inland Fisheries Project, and the Bureau

of Fisheries and Aquatic Resources.

V. Summary and Conclusions

The fishery industries have a unique residue pattern which
does not conform with that of other agro-industries. The most
pressing problem is the loss or wastage of high quality animal
protein which results from ineffective utilization of what is
harvested. The solution to this problem, which is particularly
apparent in tropical developing countries, lies in a long and
slow development effort to make more and better fish available
for direct human consumption. At the same time catches not
suitable for, or surplus to, human requirements should be pro-
cessed to high quality animal feedstuffs (2).

A most important step which can be taken to improve pro-
duction from traditional fisheries is to reduce post-harvest
wastage which can be ascribed to a variety of causes. Wastage
includes edible fish which are caught but discarded at sea
either because they are unacceptable to the local market or
unprofitable to store on board and bring ashore. Shrimp fish-
eries, using bottom trawls which are an unselective gear, may
catch from four to twenty times as much fish as shrimp and in
most cases the majority of this is discarded. Over 5 million
tonnes is estimated to be wasted each year in this way. A number

of economic studies have been done in the Gulf of Mexico and
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elsewhere but at best they show marginal profitability from

lar- i« these by-catches urder the existing price structure

and ¢«1and for fish and st-'mp. 1In other areas such as Indonesia,
foreign j: nt werturo partners are required by law to land a pro-
portion o: (i fish they catch (1).

Apart from under-utilization, in the sense that fish
suitable for human consumption are made into animal feed, there
are also high post-harvest losses of fish which spoil under
the severe tropical conditions. The area where the most
significant improvements could be made is the period from catching
to landing. Although proper chilling would save considerable
quantities of fish, all too often the infrastructure, e.g. ice
making machinery, insulated and refrigerated storage, is not
available. There are other losses at fish processing plants.
These losses, however, are not as significant since the large
processors recover most of their waste and the environmental
impact from smaller processors is minor.

Fish meal production is at present the primary use of fish
waste and trash fish. The high prices being offered for fish
meal are creating a major problem in that fish meal producers
often compete for and process species of fish which would
normally be used for human consumption.

It has been recommended (1) that fish meal and industrial
fish products should only be mad~ from fish which is not other-
wise caught or suitab!/c for human consumption and from offal
or trimmings from plant wastes. Fishing species which have

direct consu:sition acceptance should be unacceptable since



protein requirements for live-stock can be provided by other
means.

Apart from the well advanced fish meal technology which
is available, the most promising avenue for animal feced pro-
duction would appear to be the ensilage of waste and surplus
fish. Although a considerable amount of work is underway, a
greater development effort is needed. The major requirement
is for intensive feeding trials under tropical conditions to
establish the economics and safety (2).

Low-cost products can also be made by machinery which has
been developed for separating fish meat from skin and bone.
This method is particularly applicable to utilization of mixed
species from the by-catch. As a raw material this separated
fish can be used for sophisticated, blended and extruded pro-
‘ducts for developed countries. There are also opportunities
for producing very low-cost products for low income consumers
by mixing with salt or blending with cereal and frying (2).

Developments in the technologies of FPC production for
human feeding and fish hydrolysates as milk replacers should
not be overlooked. However, these technologies are likely to
be considerably more complex and capital intensive than those
mentioned above. In addition they are unlikely to be applicable
at a village level.

Considerable reduction of losses could be achieved in all
areas of the world. However, this demands a willingness to
change traditional practices and the transfer of appropriate

technology. To date the lack of motivation and interest has
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hindered more effective utilization. 1In addition it ie difficult
to change entrenched social customs and established food habits.
The priority area for attention is the increased use of marine
resources as human food. Introduction of new technology, leading
to reduced losses, will contribute to this aim (2).

It is the conclusion from the 'second AIChE site visit (6)
that there be no USAID involvement in any projects dealing with
reclamation of nutritional products from fish meal processing
wastes. The industry is concentrated in only a few seacoast
countries and wherever the industry is of appreciable size, they

are controlling their wastes.
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PALM OTL

The o0il palm fruit grows in large bunches which contain from 200 to
2000 individual fruits. The bunches vary in size depending upon the age
and variety of the trees as well as upon growing conditions. Color of the
ripe fruit varies in different strains from yellow to orange to nearly
black. The fruits ripen in about six months, so that two crops per year
are obtained.
The fruit contains three main parts
(1) Pericarp - outer fleshy pulp
(2) Shell
(3) Kernel

Thus it is a drupe and resembles fruits like peaches and plums, except that
the fleshy part contains a high % of oil instead of sugar, and has fibres
running through it. Also, the kernel and shell occupy a larger proportion
of the volume of the whole fruit (1).

The structure of the palm fruit is shown in figure 1 and the
composition of the fruit is given in figure 2. Compositions of palm

fruits from various regions is given in Table 1
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Figure 2

PALN FRUIT CCMFOSITION (3)
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Table 1

Composition of Palm Fruit from Different Regions (1)

Java Sumatra Malaysia
% Pericarp to whole fruit 49.6-62.9 48.4-62.1 39.8-62.6
% Shell to whole fruit 32.7-42.6 32.8-43.8 26.4-49.3
% Kernel to whole fruit 7.8-12.5 7.0-12.6 5.2-12.0
% 0i1 in pericarp 37.3-57 36.7-52.9 21.3-50.7
% 0il1 in kernel 37.8-52.7 38.7-52.4 28.6-51.9

World palm oil production in 1976 was 3.2 million tons, nearly
double the production of 1970 (4). The countries which produce palm fruit and
0il are (4, 5):

(1) Peninsular Malaysia - 44% of the total world production

(2) Indonesia

(3) Zaire

(4) Ivory Coast

(5) Sabah

(6) Nigeria

(7) Cameroon

(8) Thailand

A forecast for 1976 placed palm oil in importance as a food 0oil source
second to soybean 0il at a projected level of 15% of the world supplies (6).

Palm fruit is mainly grown to extract crude palm oil which is used
for cooking and other purposes. Crude palm oil contains vitamin A.

Malaysia is the world's largest palm oil producing country with Indonesia
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being second. Refined palm o0il is used in the manufacture of various
products (3, 6):

Margarine

Compound Cooking Fat

Soap

Commercial Baking

Biscuits

Frying Fats, Ice Cream Fats

Other Edible Products
Next to rubber, palm 0il is Malaysia's largest export. Malaysia's pro-
duction was 100 metric tons/year of palm o0il as of January 1977. The
Malaysian palm 0il industry is very well developed. Indonesia, which.is
néxt to Malaysia in production, does not have as well developed an industry.
It is expected that 518,000 tons will be produced in Indonesia in 1978.
As of July 1974 there were 70 mills in Peninsular Malaysia and 9 mills in
Last Malaysia of varying capacities (7). Malaysia exported 1.41 million
tons of palm 0il (including stocks from 1975) in 1976 which is approximately

70% of the world's experts of palm oil (4).

I. PALM OIL PROCESSING

Figure 2 shows that the palm oil is in the pericarp of the fruit
and is 32% (wt.) of the total fruit and 47% (wt.) of the pericarp. Peri-
carp itself is about 68.3% (wt.) of the total fruit. The palm kernel oil,
a minor product, is about 3% (wt.) of the total fruit. The pericarp also
contains a relatively high proportion of carutene, an orange pigment

precursor of vitamin A, which is used for natural food coloring (1).



There are various processes for obtaining the palm oil from the fruit.
However, all processes have the same basic features in common. The o0il is
obtained from the pericarp by expression using various techniques as

described below.

Extraction of Palm 0il in Nigeria (1)

A flow diagram of the Nigerian Products Co., Ltd. process is shown
in figure 3. "About 3000 1bs. of palm fruit are charged into an agitated
steam pressure digester. After one half hour steaming, the charge is trans-
ferred to a centrifuge. During the 10 minutes centrifugation time, steam
is admitted to facilitate the separation and expulsion of the 0il through
the perforations in the centrifuge basket. The o0il from the centrifuge
goes to a settling tank and the settiled oil to storage tanks."

"The material remaining in the centrifuge goes to a rotary drier.
After 20 minutes the dried fiber and nuts go to a rotary screen to separate
the nuts, which then go to a nutcracker. The cracked nuts fall into a
salt solution, the gravity of which is adjusted so that the sacll fragments
sink and the kernels float. The separated shells and kernels are centri-
fuged to remove the brine, and the fiber and shells are burned under the
boilers. The kernels are dried and bagged for export. A plant with three
full-sized centrifugals can handle 20 or more tons of palm fruit a day.
Most of the operations of this process are automatic. When sound fruits
are used, the oil contains but little free fatty acid, usually well under
5% and sometimes only about 2%. This process gives a high yield of o0il."

"Some of the "central” mills or factories employ a combination of
centrifuges and hydraulic presses for extraction of palm oil, but the yield

of 0il does not appear to be any larger than that by the process of the



(Process of The Nigerisn Products Cu., Ltd.)

Figure 3
Extraction of Palm 0il in Nigeria (1)
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Nigerian Products Co. The separation of the pulp by various "depericarpers",
as practiced at some plants prior to the extraction of the oil, is apparently
not so satisfactory as when the nuts are not separated, particularly with the
centrifugal process."

Two waste streams are generated in this process; condensate from the
steam pressured digester and sludge from the settling tank. A description

of the waste treatment is not available.

Palm 0i1 Production in the Ivory Coast (9)

A flow chart of a process in Ivory Coast is given in figure 4. The
FFB (fresh fruit bunches) are first put into the autoclave where they are
treated with steam and then passed on to the de-raffler where the fruits
a}e separated from their stems. These stems are dried and burned in the
fields. The fruits are then separated from the water and other solubles
in the separator. The fruit which contains the pericarp then goes to an
intermediate storage tank from where it is fed to the roller mills. O0il
and water are separated from the whole fruit by the squeezing action of
the roller mills and pods and fibers are also released. This mixture of
0il and water is then fed to the centrifuge, where the o0il is separated
from the water and dirt like sand. 0il is decanted to separate it from
any contaminated water which was carried over. This decanted water is
mixed with the water from the centrifuge. The oil from the decanter then
goes to the dehumidifier where it is heated to evaporate any residual
moisture. The final product is the polished oil.

Pods and fibers which are separated from the o0il and water in the
roller mill are fed to the air separator. Here fibers are separated from

the seed or the pods. The pods then go to the separator where the endo-
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Palm 0i1 Production in Ivory Coast (8)
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sperm or the kernel is separated from its shell. The shell is then mixed

with the fiber to be used as fuel in the steam generator or boiler. The

kernel is further dried and sold to the soap or the cosmetics industry.
The following residues are generated in this process:

- Water and water solubles rejected from the separator which follows
the deraffler

+ Condensate from the autoclave

- Dirt and water from the centrifuge, the water containing about
20% oil.

The oil-containing waste water stream usually flows into a local stream or
river. The site visit team reports that in one case, at least, and possibly
in all cases, this waste stream serves as a feed stream for a village-type

0il recovery process practiced by local villagers.

Palm 0il Rccovery in Ghana

The third site visit team for the AIChi: AID/LIFE project visited the
Kwamoso Oil Palm Plantation of the Ghana State Farms Corporation.

Both the oil palm orchard and the factory for reccovering the oil are
povernment projects. At this location about 500 acres of palm trees are actively
bearing, while another 1000 acres have been planted and will start bearing in
a couple of years. The state has set out 10,000 acres of palm nut trees in
another location which should also be hearing in a few years. Ordinarily, the
trees start bearing when they are five years old and continue for 25-30 years
or even more. The yield of oil under best conditions of prowth and of oil re-
covery is between 3,000 and 4,000 lb/acre. There was no indication of the disease
problem found by the second team in the Ivory Coast.

The oil palm processing unit was fascinating, since it represented a native
type process in comparison to the sophisticated process seen by the second team

in the Ivory Coast. The procedure for recovery of the oil is as follows:
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The fruit is harvested by hand and left overnipht for rvipening so that ~

the berries drop out when beaten with sticks. The berries are placed in drums
and boiled for 1.5 hr to soften the fiber, using wood and some waste fiber as
fuel. (1n some plants the berries are steamed to soften them, as this takes
somewhat less time than does boiling).

The softened fruit is placed in steel baskets about 1.5 ft in diameter
and 2 ft high with 1/4 inch perforations on the side and submitted to about 20 psi
hydraulic pressure. In order to get more oil, the pressure is released, the
hydraulic head 2ifted, and a quart of hot water added to the mass and pressure
applied again with additional oil being recovered.

During this operation the nuts in the cake are left intact. In order to
recover the oil in the nut, the press cake is thrown on a table and the hard

kernels picked out by hand. As the expeller operated, cons iderable oll was left

in the fleshy cake, o additional oil. Thne

for Squeezing by hand would releas

nuts which werc separated by hand are processed in a series of steps as follows:

1. The fiber around the nuts is removed in a horizontal hand-operated

beater equipped with paddles and a screen along, the bottom.

2. The kernels are then cracked and the meat removed by flotation using
a clay slurry for buoyancy. Salt could also be used but it is con-
siderably more costly than clay.

3. The kernels are washed free of clav and sent to another plant where

the oil is expelled. The cake from expelling is used for pip feed.
The red oil will set to a solid on cooling. It is placed in a tank heated
with a small wood fire and barreled for shipment. The pressed pericarp fiber
is thrown aside, as are fiber and shells from the kernels. The stems from which
the berries were removed are burned under the barrels to help soften the fruit.
The ashes from this operation are collected and leached with water to remove

potash. (They claim the ash is 4% potash). The alkali is concentrated and will

18
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be used to recover more oil from the cake after pressing the pericarp.

It is obvious that the plant is extremely inefficient, with less than
50% of the oil in the pericarp being recovered. The superintendent stated that
he would iike a screw press for producing kernel oil, but to date was unable to
#et authorization to purchase one. Despite this inefficiency, there was no
oily effluent leaving the plant as was seen on the Ivory Coast, perhaps because

the red oil did not underpo a dewatering step.

Process cf Extraction of Malaysian Palm 0il (3)

Figure 5 shows a typical Malaysian palm oil process. The same method
is basically used in Indonesia. "The extraction of palm oil from fruit
bunches in Malaysia is by a semi-continuous process. Four stages of processing
can be distinguished: sterilisation, bunch stripping, oil! extraction. and oil
clarification and purification.

The first stage 1is sterilisation in which fruit bunches are subjected
to Tive steam under a pressure of 35-45 ]b/in2 for 50-75 minutes. The purpose
of sterilisation is to deactivate the enzymes responsible for the breakdown of
0il into free fatty acids, to loosen fruit from bunches and to coagulate
mucilage so that oil can be recovered later in the process without recourse

to conditions which would oxidise the oil.

Great care is taken during sterilisation to exclude air which inter-
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Palm 0i1 Production in Malaysia (3, 10)
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feres with sterilisation efficiency and may cause oxidation of the oil.

In the second stage of processing, sterilised bunches are fed continu-
ously into a rotary-drum threshing or stripping machine which strips and
separates fruit from bunches. Fruit passes through channel bars running
longitudinally along the drum while empty bunches are eventually discharged
at the end of the drum for incineration.

After stripping, fruit is fed continuously into a digester where it
is stirred by a series of rotating arms. Digestion converts fruit to a
homogeneous oily mash suitable for pressing. The digested mash is then fed
into a press for extraction of crude oil under pressure which is applied
either hydraulically or by means of a worm-screw.

The crude o0il at this stage consists of a mixture of oil, water and
some fine solid material. This mixture is passed to a continuous separating
system, from which the oil-rich layer is fed to a centrifugal purifier to
remove solid matter and some moisture. Finally, the o0il is dried to a
moisture content of 0.1%; vacuum driers are preferred since they allow oil
to be dried at lower temperatures in the absence of air, thus reducing the
risk of oxidation. Such care to avoid oxidation is exercised throughout the
process."

Fibrous residue and nuts released in this process o to a nut separator
where the fibers are removed. The recovered fibers are used for fuel in the
steam boilers and sent to the clay bath separator where the shells and the
kernels are separated by density difference. Kernels are further processed
for 01l extraction or dried and exported. The shells go to the furnaces for
burning.

The following residues are produced:

« sterilizer condensate



. sludge from the continuous separating system

- effluent from the clay bath separator.
Sludge, an emulsion, which is a considerably stronger wastewater than con-
densate, arises from the waterwashing in centrifuges of the crude oil from
suspended fibers, cell debris and entrained oil. Sludge is of environmental
concern in Malaysia and an effluent analysis is shown later.

Palm Kernel 0il: The process for obtaining palm kernel o0il is identical

with that for coconut oil from copra. The kernel or the meat from the nut
is either pressed to extract oil out or the 0il is recovered by solvent ex-
traction (11) using food grade hexane. The major portion of the kernels are
exported to the U.S.A. or Europe. The by product of this process is the
kernel meal which is used for animal feed.

Palm 0il Refining: For edible purposes, palm oil is refined to re-

move free fatty acids, pigments, volatiles, and other impurities. The dark
orange color of crude palm oil is almost entirely due to the presence of
carotenoids, at the levels of 500 to 700 ppm. As reported by Pritchard (6),
there are four processes for the palm o0il refining:

(1) Batch refining.

(2) Classical continuous centrifugal neutralisation processes such as
the Sharples Low Loss and Alfa Laval Short Mix processes.

(3) The Zenith semi-continuous neutralisation and bleaching process.

(4) Steam refining process.
Only some features of these will be described.

The first three methods involve neutralization for removal of free
fatty acids, by caustic. Caustic refining produces a soap stock which can
be used for manufacture of soap. Caustic refining followed by acidulation

produces an acid oil byproduct which is used for manufacture of fatty acids.
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In Malaysia, there is excess soap stock which now causes only a slight water
pollution problem. Losses of 0il in soap stock can be high.

Bleaching is done either by adsorption with diatamaceous earth or
thermally. Loss of oil during earth bleachings usually is high and the
carotene, a vitamin A pre-cursor, is not recovered. Heating of palm o0il at
temperatures above 1800C causes thermal destruction of the carotene into
almost colourless products. If the reaction is taken to completion, over
98% of the total carotene present is destroyed and oils of good quality will
result. Again, carotene is wasted. Deodorization for removal of hydrocarbons
and carbonyl compounds is done by steam stripping.

Use of steam refining or steam distillation which simultaneously
accomplishes both neutralization and deodorization, is increasing. Prior to
distillation, it is usual to degum, earth bleach, and filter the oil.

Some liquid effluent and a still residue are the only wastes produced in

steam refining and these are not considered to be environmental problems.

11. GENERATION OF RESIDUES & WASTES

The world production of palm oil was 3.2 million tons in 1976,
Malaysia contributing 1.4 million tons (4). This large volume of production
also leads to huge amounts of wastes and by-products. For 0il milling
processes previously described, the following are the major residues and
wastes:

(1) Raffles

(2) Steriliser Condensate
(3) Studge

(4) Shells and Fibers
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(5) Clay Bath or Brine Solution Effluent

Raffles, shells and recovered fibers are not pollutional problems as
they are usually used for fuel purposes. Because of this fuel source, palm
0il mills are generally fuel self sufficient.

In Malaysia there is much concern over water pollution from rubber
and palm oil wills. In Indonesia, though palm oil production is high, there
is not much apparent concern over environmental problems. This is par-
tially due to the remote locations of the oil palm mi]]s in Indonesia. Palm
0il production is probably not high enough in other countries to have wide-
spread environmental impact. However there is still a detrimental effect on
waterways and waste of residues.

In the Ivory Coast (9), the effluent from a palm oil mill contains as
much as 20% oil. Some of this is recovered by the natives in crude tribal
operations, located where the waste streams flow into the local rivers. A
portion of the oil/water mixture is held in drums where the oil water
separation takes place and the oil is dehumidified by simple boiling. The
natives use the palm oil for soap and cooking.

In Zaire palm oil is an important staple food and the Government
wants to assure adequate supplies at prices the people can afford. Appreci-
able quantities of palm oil are also used to separate the gangue (worthless
rock) from copper ore in the flotation process. A recovery in the world
demand for copper (Zaire's principal export) would increase the domestic
consumption of palm oil (12). Not much informaiion is available about the
environmental impact from palm oil.

0i1 palm proccssing in Indonesia is carried out by well established
large estates located in Sumatra. Many of them are government owned. Dr.

Dardjo (13) reported that Indonesian oil palm production in 1975 was 400,000
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tons. He has also given the typicaf yield of processing 1000 Kg. of fresh

fruit bunches (FFB) of oil palm, as shown in table 2.

Table 2

Yield of processing 1000 Kg of FFB (13)
230 Kg. Empty bunches (stalks) 23%

180 Kg. Fiber 18%
90 Kg. Shells 9%
140 Kg. Sludge 14%
230 Kg. Purified oil 23%
33 Kg. Kernel 3.3%

From Tab]g:Z it is estimated that in 1975 total available by;products,
in Indonesia, such as shells and sludge could have been as high as 150,000
tons and 243,000 tons respectively. Though this is a large amount of waste,
there is not much concern because most of the palm oil mills in Indonesia
are located in scarcely populated areas and are well scattered. Therefore
most of the effluent is dumped into the waterways. Other wastes like fiber
and shells are burned for energy requirements and the ashes are spread over
the fields as fertilizer (11). Dr. Dardjo (13) believes that with increasing
production of palm o0il, a pollution problem may be forthcoming.

Malaysia has a well developed palm oil industry and the government is
encouraging the production of palm oil as it generated about 17% of
Malaysia's export earnings in 1975, second only to rubber with 25% (14).

Over 90% of the increase in Malaysian and Indonesian palm oil production
has gone into export since 1970 (15). However, the wastewaters from palm
0il mills are difficult to treat and are largely dumped in rivers and

streams. There is much concern in Malaysia over the environmental impact



of these wastes, which are compounded by the concentration of palm o0il mills
in one area. The problem will get worse due to future anticipated expansion
in palm o0il production. The Malaysian government and palm oil industry are
very concerned over this environmental problem and are working towards

both treatment and utilization of these wastes. Work in this area is also
being done outside of Malaysia, e.g. Singapore and England.

Results of a recent survey by the Factories and Machinery department
of 40 milis all over Malaysia showed that for a total production of 6,793
tons of FFB per day, a total of 1,549,800 gallons of raw water is used per
day. This indicates that for every ton of FFB one ton of water is required.
It was also found that for every ton of FFB one ton of water is discharged,

a little less than half as steriliser condensate and the rest as clarifica-
tion sludge discharge (7). As will be described later, sterilizer condensate
is about 175 kg and sludge about 275 kg per ton of FFB (10).

Currently, Malaysia produces 4.5-5 x 106 tons per year of oil palm
fresh fruit bunches yielding 1 miilion tons per year of palm oil. At the
rate of 40-50% waste product in the form of sludge and other residues, this
represents an effluent of 1.8-2.5 x 106 tons/year with a biochemical oxygen
demand of 20,000 ppm. This effluent also contains about 110,000 tons of
solids. Effluent is normally discharged into the nearest stream with a re-
sultant reduction in the stream's natural fauna and deterioration in water
quality for other domestic uses. By 1980, paim oil production in Malaysia is
estimated to be 2 x 10 tons per year with an accompanying 4.5 x 106 tons/year
of effluent, including 220,000 tons of solids (10).

Industry claims that they cannot economically meet the recommended
standards of 500 mg/1 BOD, 750 mg/1 COD and 750 mg/1 suspended solids. However,

the government feels that it cannot wait on the future results of research and
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development to solve the problem. The use of whole or partially dewatered
studge as animal feed or for fish ponds is being considered as a stop gap
measure until the proper controls are developed. One government official
expressed the opinion that even without legal requirements for pollution
control, use of palm oil mill wastewaters for animal feed would be profitable.
However, because Malaysia is a small country, there may be more waste material
available than can be handled or used.

Composition of palm 0il mill effluent is given in Table 3. It can
be seen from the previous process flow sheets that Tiquid wastes are princi-
pally generated in the sterilizer, oil-water separator, and the clay bath
separator or hydrocyclones.

Steam sterilization is essential to restrict the growth of enzymes
responsible for breaking down of 0il into free fatty acids, to loosen fruit
from bunches and to coagulate mucilage so that oil can be recovered later in
the process without recourse to conditions which would oxidisé the oil (3).
Sterilization helps to check the further development of the f.f.a. which must
be removed from the 0il in the refining process. Dr. Mutharajah of MARDI says
that heat treatment in the sterilizer denatures the proteins, making the
sludge less desirable as animal feed. It is reported by Olie and Tjeng (10)
that about 175 kg of sterilizer condensate effluent are produced per ton of
FFB (fresh fruit bunches).

Under high mechanical pressure the oil bearing liquid is squeezed from
the pericarp of the palm fruit. This tiquid, after dilution with hot water,
is separated into pure 0il and sludge. To restrict the 0il loss to a minimum
the sludge is further treated in sludge separators (centrifugals). The sludge,

an emulsion, is a considerably stronger wastewater than condensate.



Properties of Typical Effluents from Various Types of

0i1 Palm Installations (19, 27)

pH

COD (ppm)

BOD (ppm)

0il (%)

Ammonical Nitrogen (ppm)
Total Nitrogen (ppm)
Phosphorous (ppm)
Potassium (ppm)
Magnesium (ppm)
Calcium (ppm)

Total solids (%)
Suspended Solids (%)
Total Sugars (%)
Starch (%)

*A factory emits roughly 70% sludge and 30% condensate

Palm 0il
Mill Sludge

3.8
97,680
19,460

715

162

1,857

250

320
6.4
3.0

Sludge
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and

Sterliser
Condensate¥*

4.

87,466
26,833

0.

65
1,122
176
2,101

0

Depending on the amount of dilution water, the resultant discharged

sludge effluent amounts to 250 kg to 325 kg per ton of FFB (10). The kernels

and shells are separated using a suspension of clay in water or brine or in

water fed hydrocyclones. The resultant effluent amounts to approximately

140 kg per ton of FFB.

Due to its nature the effluent from claybath

separators or hydrocyclones can possibly be discharged directly into local

sewers together with domestic sewage water from employees' and laborers'

nouses (10).

[II. CURRENT WASTE DISPOSAL PRACTISES AT OIL PALM MILLS

Because of the high BOD, biological oxidation of 0i1 palm mill waste-
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waters requires high retention times and hence large land areas. Therefore,
0il palm mill effluents in many cases are disposed of in pits or streams
without treatment. Skinming and additional centrifugation remove a low
quality oil from the wastewaters, and centrifuges have been used in Malaysia
to dewaler the sludge as follows:

* Unilever Group - 3 plate centrifuges

* Harrison and Crosfield Co. - Sharples - Pennwalt centrifuges

-+ United Plantations - Alpha de Laval decanter centrifuges

At the Bukit Rajah mill, one of the Federal.Land Development Authority's
(FELDA) 16 oil palm mills, dissolved air flotation is used to remove suspended
solids and oil from the effluent. Chemical oxygen demand (COD) is reduced
from 27000 to 5000 ppm and total solids from 5-6% (wt) to 1% (wt). The re-
covered solids are burned, and the effluent goes to the river. Bukit Rajah
has experimented with sedimentation following fliotation and found settling to
be rapid. Solids were reduced by 50%. Coagulants did not help much. Poly-
electrolytes were found to be effective, but expensive. Tests were not
made using polyelectrolytes as coagulant aids. This should be considerably
less expensive than using them as coagulants. It seems that perhaps a non-
conventional coagulant such as chitosan might be effective (16).

The colloidal and thixotropic nature of the sludge, causes a stable,
gel forming emulsion which is difficult to settle, filter, coagulate and dry.
This difficulty may be due to the suspended flakes of lignin in the sludge
(17). Abrasion of centrifuges and filters result from sand in the sludge.

Land disposal of effluent is used by the Guthrie mills (Chemara Re-
search Station). Soil texture is improved by the organic content, but ferti-
lizer value is poor due to the low nitrogen content of the effluent. Drain-

age is improved because the sludge serves as feed for earthworms. The viscous
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nature of the effluent causes some problems in distribution and spreading.
There is too much effluent for irrigation of rice paddies, and the pH is
too low for this application (16).

Table 4 which shows an assay of the sludge solids, indicates that

both fresh and dried sludge should be reasonably good animal feed (18).

Table 4
Biochemical Assay of Dried Palm 0i1 Mill Sludge (18)

0i1 (%) 16.6
Moisture (%) 3.4
Protein (%) 10.2
Fibre (%) 11.4
Fat (%) 1.91
Calcium (%) 0.75
Phosphorous (%) 0.3
Copper (ppm) - 25
Manganese (ppm) 80
Zinc (ppm) 60
Magnesium (ppm) 100
Ash (%) 11.3
Sand (%) 1.5

In Malaysia, demand for animal feed is increasing. There are how-
ever, shortages of cassava as a carbohydrate source and grass/lucerne meal
as a protein supplement. The main problem facing the development of a viable
animal production industry in Malaysia is the lack of an adequate local
animal feed industry. A recent survey (18) indicates the existence of mcre
than 63 registered animal feed mills in West Malaysia and an annua™ import
of more than 00,000 tons of maize. Maize accounts for about 50% of poultry
and pig rations. One of the main aims in utilizing the sludge solids is to
substitute part, if not all, of the maize component.

Raw sludge has been attempted for animal feed in Nigeria, but technical

data are not available. Pamol Co. in Malaysia (19) has investigated the
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possibility of feeding raw untreated sludge to cattle and buffaloes, and
the preliminary results are encouraging (20). Pigs. poultry and cattle
have been fed raw sludge with satisfactory results in Malaysia (15).

Both raw and dewatered sludge have been used as animal feed, though the
high moisture content of raw sludge makes direct feeding difficult. Pigs
reportedly do well on raw and digested sludge. However, because of the
Muslim population in Malaysia, there are cultural problems in this application.
Also there are insufficient pigs in Malaysia to fully use all the available
sludge, even on a dry basis. Around 11,000 pigs are required for a 10 ton/hr
mi1ll (21). Cattle presumably get diarrhea from raw sludge, due probably to
the 0il content. For cattle feed, 15% solids is desirable and fiber and
other additives to improve digestibility are needed. MARDI (Malaysian Agri-
cultural Research and Development Institute) has had success feeding a mixture
of drum dried sludge plus press fiber to sheep (16, 22). Rotary drum or
spray drying might be feasible because of excess heat available at oil palm
mills. However, Seow Cheow Min of Chemara Station believes steam costs for

drying sludge will still be high (21).

IV. CURRENT WASTE TREATMENT AND UTTLIZATION
RESEARCH ANG DEVELOPMENT - OIL PALM MILLS

The Malaysian Agricultural Research Development Institute (MARDI) s
doing research on anaerobic digestion of the supernatant which remains after
simple settling of 0il palm wastewaters. It seems that anaerobic digestion
would not be a practical treatment method because of the 1ong.times which
would be required. MARDI has also expressed interest in evaluating electro-
" lytic air flotation. By addition of microorganisms and production of oxygen

by e’>ctrolysis, it is hoped to simultaneously accomplish biological oxida-
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tion and removal of solids and oil (16).

Dr. John B. Sutanto, Department of Chemical Engineering, University
of Malaya is doing research on extracting protein from juices recovered by
pressing of empty bunches, chemical pulping processes which utilize the
fibrous wastes, and palm shell charcoal activation. An Australian firm,
Ecotec Systems Ltd., is reported to have an ion exchange process for ex-
traction of protein from oil palm wastewaters (16).

Dr. W. R. Stanton, University of Malaya, has emphasized that microbial
treatment of sludge will break the emulsion, thereby facilitating the separa-
tion of oil and solids from the wastewater. He has proposed the following
scheme for treatment and utilization of oil palm wastewater.

Effluent is first cooled and then goes to anaerobic settling in shale
soil for four days. The bottom slurry then goes to a centrifuge for de-
watering, and the supernatant is returned to the settling unit. The recovered
solids could be used as cattle feed. The liquor remaining after sedimenta-
tion is high in reducing sugars and has a low pH. Dr. Stanton suggests three
possibilities for this liquor: |

- Yeast fermentation to produce single cell protein

* Growth of chlorella in algae ponds, the chlorella to be used
for animal feed

+ Treatment in aerobic ponds which could reduce the BOD to 20 ppm
Aerobic ponds would be the cheapest approach, but land fequirements
would be large (3, 16).

Dr. Alagaratnam of the University of Singapore has developed
a process for growing mold on palm o0il mill effluent and simultane-
ously reducing the BOD. Mold of 18% protein (as 6.25 Total Kjel-
dahl Nitrogen) on a dry basis is recovered by filtration, dried ‘rom

60% moisture to 40%, and pelleted. The pellets can be extracted



with hexane to remove residual oil, and the residue used as chicken feed.
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Recovered oil is nonfood grade and is suitable for use in soap manufacturing.

0i1 removal can increase the protein content of the pellets by 30%. The
average oil palm mill in Malaysia may discharge 320 tons of effluent per day
into the river which would yield 9 to 10 tons of animal feed per day and 1%
tons of recoverable 0il. The effluent from the mold fermentation has a luu
of about 15,000 and it might be used to grow algae which are removed by
centrifugation and then used as fish food. The effluent which now has a COD
of less than 1000, can go to an oxidation pond where fish can be grown. The
effluent immediately after fermentation still has too high an oxygen demand
after fermentation, which could 1imit the utility of fermentation.
Dewatering of the aqueous sludge as it leaves the palm oil mill is un

sirable because it will then be too viscous for fermentation. The fermentat

de-

ion

scheme can be incorporated into the CENSOR process for making animal feed from

paim 0il effuent. A possible advantage here is that the CENSOR process by i
self does not increase protein content(16); CENSOR is discussed later.

Dr. Alagaratnam's process has been developed through the laboratory
phase, but needs engineering input prior to or during the pilot plant stage.
In order for a disposable effluent to be produced by fermentation, greater
utilization of the dissolved organics to reduce the COD is necessary. The
extent to which dissolved oxygen controls the fermentation needs to be de-
termined. Also supplemental nitrogen is necessary for the process. Dr.
Alagaratnam proposes to use the effluent from rubber mills for this purpose,
but the feasibility of this approach would depend upon the proximity of
rubber mills and palm oil mills (16).

Chemara Research Station, Seremban, Kuala Lumpur, has done research

on growing chlorella cultures on supernatant from overnight settling of the

t-
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sludge (21). Table 5 shows results obtained from an experiment using 2%
supernatant. The COD and BOD reduction from chlorella growth was signifi-

cant. However, the total nitrogen was not significantly decreased (21).

Table 5
Algae Culture Using 2% Palm 0i1 Sludge Supernatant (21)

Time ccll count CoD BCD Total N Amm. R
days pH no / ml ppm PER —ppm__ —LEm_
0 6.2 1.3 x 10° 1,251 660 23.8 0.9
2 6.5 9.3 x 10° 1,000 398 - -

6 6.6 1.2 x 10° 821 186 - -

8 6.7 1.3 x 10° 387 72 - -

11 7.0 1.6 x 10° 412 78 - -
18 70 L2 x10° 1,96 28 2313 0.4

The factors hindering culture growth are suspended solids in the sludge and color
in the steriliser condensate.

In a second project at Chemara Station, single cell protein was pro-
duced through tower fermentation of the effluent. In the preliminary experi-
ment, the supernatant from the sludge after overnight settling was used to
grow fungus, yeast, bacteria and algae. Experimentation on fungus growth
was done by sterilizing one gallon of filtrate, cooling and inoculating with
spores of Neurospora sitophila. This work indicated that the filtrate will
support fungus growth without nutrient manipulation (21).

Muthurajah (23) has suggested the use of palm oil mill sludge as a
fertilizer because of its potassium, magnesium and phosphorous content

(Table 3). Wood et. al. (21) report that correctly applied sludge makes an
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excellent mulch. Land disposal raises problems. Ground vegetation is killed
by direct contact, but Chemara experiments indicate that it can be
applied in limited quantities, and indeed it serves as a soil conditioner
by increasing the organic content so that infiltration rates are not severely
affected. Properly <onducted, such disposal can be possible and even
agriculturally beneficial, but the viscous nature of the sludge makes dis-
tribution very difficult. Possibly anaerobic digestion would simplify this
application while retaining the beneficial nutrient content (21). Webb (17)
reports that the fibrous residue from the oil palm industry can be made
into mulch for the production of mushrooms. Muthurajah & Devendra (22)
have suggested the use of pressed fibers in its normal form for cattle
feed. Press fiber composition on a dry basis is shown in Table 6. Com-

mercial press fiber has about 30% moisture.

Table 6

Palm Press Fiber Composition (22)

Crude protein (N x 6.25) (%) 4.2
Ether Extract (%) 7.7
Crude Fiber (%) 56.3
Soluble Carbohydrates (%) 28.5
Ash (%) 3.3
Ca (%) 0.31
P (%) 0.13
Mg (%) 0.52

CENSOR_PROCESS

"Considering the various problems encountered in the past, such as
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thixotropic properties of the raw sludge when heated, high cost of oxidation,
the extensive and expensive single approach biodegradation system which re-
sults in the incomplete utilization of all materials and therefore a continued
pollution problem, the following system has been designed and successfully

carried out on a commercial pilot scale (24)."

L

This mechanical process called CENSOR (centrifugal solids recovery)
shown in figure 6 was developed by Dr. Brian Webb of the University of
Malaya to produce animal feed from oil palm wastewaters. The wastewater is
first dried to 45% moisture by mixing with various adsorbents which also
have feed value. This adsorption step reduces the total amount of heat
that must be applied in a rotary drum drier to reduce the moisture of the
final product to an acceptable level.

The adsorbent materials used in the CENSOR system include tapioca
(MECRO), o011 palm kernel meal (from the kernel o0il extraction process) and
the sludge or sediment from siudge fermentation depending on the choice of
alternatives (Figure 6). In addition, to minimize fuel costs, waste heat
from the boilers at the palm oil mills can be tapped to provide energy for
the hot air dehydration phase. Tapioca is used to provide a diluent for the
high 0il content of the other materials and to act as a conditioner for the
mix,while also providing a good energy source as a feed material (24).

Some further description of the various steps will now be given.

a) Concentration

The first requirenment of the most economical systems is to concentrate
the raw sludge effluent to reduce the very high moisture content. By re-
ducing the moisture from 95-90% the quantity of water to be removed is
almost halved. In Malaysia, Pamol Sdn Bhd in Kluang has consistently re-

duced the sludge moisture to 89-90% by the conventional disc-plate centrifuge.
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Harrisons & Crosfield have achieved somewhat greater reduction using a 3-
stage decanter centrifugal and other process modifications.

By using fermentation after a first stage reduction to 90% moisture
content, a sediment is produced which is normally about 85% moisture. This
can easily be reduced to 75% by a conventional disc-plate type centrifuge.
The latter system has the advantage of upgrading the solids from the fermenta-
tion stage. |

The importance of the concentration step is shown by the following
example (24). The sludge from Bukiit Rajah mill which averages 94-96% of
moisture content without further concentration, requires almost 2 tons of
absorbent material for every ton of sludge solids. In contrast, for the
sludge from Pamol averaging 89-90% moisture content, only 1 ton of absorbent
is needed. Using the 75-80% moisture content fermentation sediment, only
% ton of absorbent was needed.

b) Fermentation

Anaerobic fermentation can increase the crude protein content of raw
sludge, thereby improving its suitability for animal feed. A liquid phase
which has fertilizer value and methane are also produced. Sedimentation
following fermentation will reduce the moisture content of the solids,
facilitating the processing of sediment for animal feed. The liquid phase
arising from fermentation and sedimentation is run off to settling tanks
for further digestion and germ removal to obtain a better effluent for the
growth of algae. The algae from a good source of vitamins and proteins for
fish culture which can be carried out in the overflow arising from algal
ponds. The final discharge from the fish ponds will contain the end products
of the decomposition of organic matter, and these minerals will be suitable
for use as fertilizer. A biochemical assay of the fermentation solid is

shown in Table 7 and the liquid phase in Table 8.
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Table 7

Biochemical Assay of Fermentation Sediment (24)

pH ‘ 54

Total solids (%) $.1 (1.95-1.54)

Moisture (%) . 80

Crude proteins (%) 12.5 (11-14)

Phosphorus (%) 0.81

Calcium (%) 333

Potassium (%) 13

Magnesium (%) 0.81

Crudc fat (cther extract) (%) 16.0

Crude fibre (%) 98

Ash (%) 18.0

Nitrogen-free extract (NFE) (%) 349

Salt (NaCl) (%) 0.5

Gross cncrgy (Kcal/g) 1835
Table 8

Biochemical Assay of Liquid Phase (24)

pH 6.8
Moisture (%) 95.3
Total nitrogen (%) 093
Potassium (7%) 5.5
Calcium (%) 5.4
Magncsium (%) 22

Phosphorus (%) ' 0.67

3) Extraction of Water (24)

“The recommended CENSOR extraction system involves the use of a mix-
ture of MECRO tapioca meal and palm oil kernel meal into which the liquid
slurries of either raw, concentrated or fermented sediment are absorbed.

The principle advantage of this stage of the process is that the slurries
are brought through the "gel" barrier without applying heat. The solid-wet
mix is then dried in a high temperature, high air spéed, pneumatic injection
rotary drier which is the same as that used for producing MECRO tapioca
meal. Due to the high moisture content of the slurries, it is necessary to

recycle the dried mixture through the absorption stage in order to build up
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the guantity of sludge solids in the final product, so as to ensure a
higher quality meal and to reduce the quantity of cost inputs such as
tapioca and kernel meal. The number of recycles necessary will depend on
the variation of input slurry chosen. The raw untreated sludge (75%
moisture) requires at least eight cycles, whereas the fermentation sediment
at 75% moisture content requires only three cycles. The lower number of
cycles is more economic, and the lower moisture content slurries also re-
quire much less hcat.

Waste heat from the boiler chimney can provide the bulk of the drying
Jeat requirement, and if the boiler is of the induced draft type there is
very little added expense in adapting the CENSOR dryer to an oil palm mill.
This adaptation should be capable of replacing at least 75% of the heat re-
quirement, if not all of it where Tower moisture content slurries are used.
However, it is recommended that a supplementary petroleum fuel oil burner
be provided to ensure an adequate heat supply to maintain the required
product throughput. After drying, hammer-milling and pelleting are normal
processes as used in any feed mill.

The alternative extraction systems of spray-drying and vacuum steam-
drying are not economic propositions because of the high energy requirements,
poor efficiency in producing steam, and the type of capital equipment
involved. The recommended extraction process (Figure 6) is the simplest
and cheapest to operate and develops a very viable by-product industry.

There are various modifications to this concept which should result
in different quality neals and different cost structures. For instance, one
can eliminate the fermentation process and directly absorb raw sludge into the
drying process, but this will give a meal of lower protein content. Also,

one can eliminate the use of kernel cake and use only tapioca, but one nceds
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twice the quantity of tapioca and hence twice the area of land to grow it

on, and the resultant feed meal will be even lower in protein content."
Webb is also evaluating sourghum, maize, alfalfa, and grass as ad-

sorbents. Probably the most 1imiting factor for CENSOR is that large

quantities of adsorbents are required and their availability may be limited,

particutarly tapioca (16).

The plant in use at the Faculty of Agriculture, University of Malaya
is capable of processing 1 ton of raw sludge/hr which with direct absorp-
tion will produce about 0.6 ton of CENSOR meal. Table 9 describes various
products made by the CENSOR process. The bio-chemical properties of three
of these have been analvsed in relation to other animal feeds (Table 10).
These results show that tapioca/kernel meal absorbent gives a better

balanced product closely related to maize (24).

Table 9
Censoxr 070 8 =~ Pralm 0il Sludge + Tepioca only 8 cycles
Cengsor OKO 8 - Palm 0il Sludge + Kernel Meal only 8 cycles
Censor OTK 8 - FPalm 0il Sludge + Tapioca + Kernel Meal
-8 cycles
Censor OTKG 8 - Palm 0il Sludee + Tapioca + Kernel Meal +
Grass Meal 8 cycles
Censor 01G 8 _ ~ Palm 0il Sludge + Tapioca + Grass B8 cycles
Censor CTPM 4 - Palm 0il Sludge + Tapiéc£‘+ Poultry Manure
4 cycles
Cengor 07K C3 - Concentrated Palm 0il Sludge + Tapioca +

Kernel Meal 3 cycles

-~Pintake PTK 5 ~ Pincapple pulp + Tapioca + Kernel Meal
: 5 cycles



Table 10

CENSOR comparative biochemical analysis, (24)

Percentage
A

r \ Kg/K Cal.
ltem Mois- Crude Crude Phos-

ture protcin Fat fibre Ash NFE Calcium phorus Salt  Gross encrgy
MECRO 12.98 1.55 0.45 2.87 1.38 80.69 — — —_ 3590
Tapioca
l\(cmlcl 10.91 12.51 14.32 15.69 3.02 43.55 264 249 — 5060
Mca
Sludge 13.03 9.49 12.83 9.20 15.3§ 40.10 275 2.90 1.91 4665
Solids
CENSOR TO* 10.54 4.90 4.84 9.15 6.07 63.84 1.71 347 0.90 4680
CENSOR KO¢* 341 10.45 12.10 13.28 8.71 5224 1.51 222 0.51 5025
CENSOR TK?*** 7.25 7.47 8.75 3.38 8.00 65.15 1.73 2,66 0.33 4860
Maize 11.00 8.90 3.90 2.00 1.10 73.10 0.02 0.31 —_ 3918
Meal

*TO Tapioca only

KO Kernel meal only Absorbent material
*e+sTK Tapioca -+ Kernel meal

A A
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Feeding trials using CENSOR products were encouraging. Censor 0TK
and OKO meals were evaluated on broiler chicks as a 50% and 100% substitute
for maize in a complete grower ration. Replacement of 50% maize by Censor
did not affect feed intake significantly although there was a slight reduc-
tion in weight gain. Total substitution however resulted in increased
feed intake, depression in growth rate and poorer feed conversion.
Metabolisable energy for the Censor meals is calculated at between 3,206 and
3.432 KCal/Kg. This first trial indicated Censor could be used to substitute
50% of the maize in broiler rations. Further trials are under way to in-
vestigate the effect of the relatively high oil and fibre content (25).

The CENSOR process has the advantage that it results in a dry animal
feed that can be stored and transported readily. It is also a simple
method that would be complementary to solids concentration steps at oil
palm mills. If CENSOR could be integrated with oil palm mills, costs for
transportation of the wastes to a feed production site would be eliminated.
Fuel costs for the drying required after the adsorption might also be mini-
mized because of the waste heat available at the mills which use waste fibres
for fuel. The economics of CENSOR are currently being evaluated (16). As
mentioned previously, local demands for animal feed are increasing due to
development schemes for cattle, poultry, and swine and cocurrent shortages
and high prices of animal feeds such as tapioca and grass-lucerne meal.
There is also an interest in Malaysia in developing an export-oriented
animal feed industry (24). Thus, the simultaneous abatement of
pollution and production of animal feed give the CENSOR process strong

potential.
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V. PALM OIL REFINING

The refining industry for pre-refining prior to export has been
rapidly developing in Malaysia since 1974. Today Malaysia exports caustic
refined or neutralized oil; refined and bleached; and refined, bleached,
and deodorized (23). Fractionation is primarily used to produce an edible 01l
and a solid fraction (squalene) used for soap manufacture and cooking fat.
In Indonesia, a shortage of coconut oil for domestic consumption in 1972-
1974 encouraged the development of two palm oil refineries (13).

The same pollution problems arising in the United States from caustic
refining of soya 0il exist in Malaysia from caustic refining of palm oil.
However, consciousness of these problems are just beginning to appear. The
soap stock which is produced has little food or feed value. Some of it is
sold to local soap manufacturers, but there is a limited market for this
waste usage. Caustic refining followed by acidulation, produces an acid
0il byproduct which is now exported to fatty acid manufacturers. Numerous
waterways in Malaysia serve as recipients of highly polluted effluents from
caustic refining. In steam refining, the free fatty acids are collected as
dedorizer distillate with little trouble from wastewaters. Studies need to
be conducted in Indonesia on economic ways to utilize stearin and the soap
stock (13).

At a recent UNEP/FAQ conference (27), the problems related to soap
stocks and volatiles from de-odourization were reviewed. It was felt that
soap stocks should not be considered as residues and in fact they are not
where appropriate facilities exist for tatty acid separation. However, such
facilities are not available everywhere and wherever the o0il extraction in-
dustry is not equipped to treat soap stocks, these could be considered as

residues. Volatiles from the de-odourization, although they might constitute
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a problem in some countries, are not considered to be a major residue problem.
With regard to spent bleaching clays the group could not envisage any
possibility of recuperation. It was, however, suggested to bleach the clays
in order to recover most of the oil.

Palm oil is one of the world's best sources of carotene, an expensive
substance which is a vitamin A precursor. Concentrations of carotencids
amount to 500 mg per kilo or more in the crude unbleached 0il, with some
0ils having concentrations up to 3,000 ppm (28). Bleaching with clay or
diatamaceous earth removes the carotene, which is not subsequently recovered.
Deodorizing by heating to 150-180°0C also significantly reduces the pro-vitamin
A content. As tastes become more sophisticated, use of crudely refined red
palm oil decreases, and more carotene is lost for nutritional purposes (28).

Possible approaches to avoiding this loss of carotene are (28):

- Deodorization in absence of air or under inert gases

- Deodorization under vacuum. possibly in presence of antioxitants

- Concentrating the colored fraction, deodorizing the rest of the
oil portion, and then adding back the colored fraction to return the caro-
tenoid content to higher levels.

The government of Indonesia is carrying out a program to combat
vitamin A deficiency among children, and interest has been expressed in

studying ways to recover pro vitamin A from palm oil.

V. CONCLUSIONS

Both Malaysia and Indonesia have large, centralized oil palm
mills that generate a lot of wastes which have significant environ-
mental impact. Because production is increasing significantly in both

these countries, the problems will get worse. Both countries also have



nutritional needs which can be served by use of these residues. Be-
cause the industry is relatively small in the other oil palm producing
countries, the problems and concern are not as severe. Pilot studies
for utilization of oil paim mill wastes as animal feed are very necessary
as the technology is just starting to be developed.

There is environmental concern and awareness in Malaysia, and
much work on palm o0il wastes is being done there and elsewhere. However,
Malaysia does not really fit the category of a developing country, and
they seem to have sufficient capability of their own to study and
evaluate use of palm oil wastes as animal feed (29). Therefore a pilot
project in Malaysia would not really be compatible with the goals of the
AIChE AID/LIFE project. However, the knowledge gained by Malaysia in
treating and using oil palm wastes should be applicable in lesser de-
veloped oil palm producing countries, e.g. Indonesia, Ivory Coast.

Because of animal feed nutritional and technical manpower deficien-
cies, a pilot project on use of food industry wastes could have more
impact in Indonesia than in any of the other countries visited. However,
Indonesia would probably be the most difficult country in which to im-
plement an AID project because of

. Lack of envirormental concern and awareness

- Cultural and political aspects

- Poor telephone and mail systems.
It might be more appropriate to transfer the technology being developed

in Malaysia for treatment and use of oil palm mill wastes.
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PINFAPPLES

Wastes and Environmental Impact

Pineapple wastes, which are principally wet solids, are generated in
the field, collection sites and canneries. During peak harvest periods when
there is insufficient processing capacity in the refinery, undersize, overripe
and underripe whole pineapples are rejected at an average rate of 12% (1). 1In
addition to the whole pineapples which are rejected, excess juice is dumped into
waterways. Oth=r wastes produced during canning are parings, pulp, ends, wash
waters, and juice which is squeezed out when the wastes are used for animal feed.
Up to 80% of the pineapple is wasted in ths canning process, and in total, the

canning industry is only using approximately 18% of the crop in Malaysia (2).

Sri Lanka rzises some 4,000 acres of pineapples, with about 5,000 plants
per acre, but only about 5 to 10% of the crop is canned. Most of the pineapples
ripen in April, May and June, with a small season in December and January.

Canned and Preserved Foods Ltd. purchases the Smooth Cayenne variety of pinearples
and uses about 15,000 1b/yr. 60% of the weight of the raw pineapple is wasted

as core, peel, and crown, while only about 38% of the raw weight gets in the can.
The cores and peels from this and other canneries are not used, and are dumped.

Figure 1 shows the purts of a fruit which form the wasrte.

Pineapple shells and other wastes from the canning industry produce a
juice which contains 8 percent of sugars and 0.58 percent of citric acid. A
factory processing 40,000 tons of pineapple a year, with a 60 percent yield dis-
cards about $150,000 worth of sugar in this waste material (3). In Malaysia,
200 x 103 metric tons per year of pineapple wastes are béing discharged from the

three canneries and 28 x 10° metric tons per year are wasted in Thailand (4).
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In Malaysia, the wastes from pineapple factories, (solids, wash water 256 -

excess juice, juice squeezed from skins) are dumped into water ways. This pro-
vides breeding grounds for insects and decomposition of these wastes produces
objectionable odors. The high oxygen demand (BODg = 1.26 x losmg, COD = 1.58

x 105 mg per processed) fruit causes ecological distrubrances. There is approx-
imately 120 kg of COD per ton of pineapple processed and Malaysia processed
253,000 metric tons in 1974 (5). The concern over this pollution in Malaysia

is evidenced by fines having been given. In the Ivory Coast, skins are returned
to the fields, though wash water and skin juice go to waterways (6).

Established Uses of Pineapple Wastes

Use of pineapple wastes to produce silage and bran (dried waste) for
animal feed is practiced in pineapple producing countries (7,8). In Thailand,
where there is supposedly a pineapple shortage, 2000 tons per year (dry basis)
of pineapple wastes as bran, is being used for animal feed (5). The chemical
composition of bran in Table 1 shows that it is comparable to Napier grass,

usually used for fodder. Moisture content of the wet solid wastes is about 80%.

Table 1 CHEMICAL COMPOSITION OF PINEAPPLE WASTE (1)
Wet waste, % Dry waste, %

Pineapple Napier grass Pineapple Napier grass
Dry matter 14,28 24,94 - --
Crude protein 0.90 2.28 6.30 9.13
Ether extract 0.21 0.64 1.45 2,75
Crude fibre 3.57 7.63 25,01 30,37
Ash 0.69 2.18 4,81 8.72
Nitrogen-free extract 7.66 12.33 52.43 49, 0u

In Ghana (6), cores and eyes go for pig feed.* Kenya Canners Ltd.®* (Del
Monte Pineapple) mix their cores and skins with urea for animal feed. Moisture is
reportedly a problem. Cattle got diarrhea in past attempts in Ivory Coast to use
rineapple wastes as cattle feed. The high soluble carbohydrate content has been
suggested to be a possible drawback due to the rapid fermentation in the rumen.
However, no report has indicated acidosis as a problem in the use of fresh pineapple
waste. This may be due to the high fibre contained in the fresh waste (5).

®A detailed description of pineapple canning operations in Ghana and Kenya are

fiiven in appendices A & B



Sorenson (9) says that in Malaysia there is not much conversion of
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liquid and semi-solid peineapple canning residues into animal feeds. Food
Industries of Malaysia (FIMA) is producing animal feed from pineapple cannery
wastes for sale to Japan. The peels and core first go through a crusher and screw
press, then to a hot air dehydrator. The dried material, 8-10% water, is then
mixed with molasses up to 5% by weight, and the resulting mix is pelletized and
bagged. Fuel costs are high because of the pressing and drying steps (10,11).

The juice which is released in the pressing will go to a pool, from which
it is then discarded. Environmental impact of this release is not known. Folin
Corporation in Kuala Lumpur has expressed interest in producing yeast from this
juice to produce bakery bread. A common use of this juice in canneries is to
produce a syrup for the canned pineapple (Ginaca) by concentration. Kenya Canners
Ltd. use ion exchange for this concentration step (6).

Other uses of pineapple wastes are

. Manufacture of jam in Ghana from reject pineapples (6),
. Composting by Thai ‘Tomato Industries, Chiang Mei, Thailand (8).
. Fermenting of extra juice squeezed from pineapple waste in
Sri Lanka (6).
Japan is interested in importing animal feed made from Thai Tomato Industries
pineapple wastes. However, Thai Tomato Industries believes that the drying
costs for this waste usage are too high.

Waste Reductions

Mechanical grading rather than manual methods and the use of proper

coring/peeling size knives will improve the recovery percentage. Reduction
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of waste may also be improved by having fruits of uniform characters (¢.g.
shallow eyes) as well as by reducing the number of damaged fruits (5).\

Th2 amount of flesh recoverable from discarded parts of various sizes
of fruits is shown in Table 2. The skin represents approximately 45% of
the total fruit and about 18% of this can be recovered. The extraction
of the juice from the waste would reduce the volume and weight of the
material for disposal and hence reduce the pollutional load. The juice may
be further concentrated as a syrup for canning (Ginaca) or further used as a
substrate for fermentation, since it has a sugar content of approximately

6% (Table 3).

TABLE 2
RECOVERY OF FLESH FROM DISCARDED PINEAPPLE PARTS (5)

T § % of total fruit % of recoverable flesh
YPS o Size Size Size Size
waste 3.25%-3,75" 3,75"-4.25"  3.25"-3.75" 3.75"-4.25"

Skins 46.2 43.4 17.1 18.8
€Ends 26.1 22.1 N.A. N.A.
fores 4.2 3.7 N.A. N.A.
TABLE 3
RECOVERY OF JUICE AND ITS TOTAL SUGAR CONTENT (5)
Average % juice Average %
Type of waste recovery sugar
Eradicated skins 65.6 h.7
End (Ind. flesh) 60.3 4.7
Flesh from skin 62.2 6.8
Cores 64.2 8.2

Further Uses of Pineapple Wastes

In view of the disposal and pollution problems, further utilization of

pineapple wastes would be desireable. For example, greater use of bran as


http:3.25"-3.75
http:3.75"-4.25

animal feed in Malaysia would help. Complete utilization of raw material to
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minimize waste and pollution necessitates the recovery of nutrients from the
presently wasted sources and their conversion to feed and food adjunets (5).

The excess pineapple juice from carning which is dumped into waterways, can
be used to produce still and sparkling wines (13). Alcohol and wine can also
be made from whole rejected pineapples. Research is being done in Nigeria on
fermentation of overripe pineapples to produce alcohol (14). MARDI (Malaysian
Agricultural Research and Development Institute) has made a wine from rejected
sineapples (Pine Dew) which they intend to test market (10,15). However, since
ﬁalayaians are generally not wine drinkers, this is not a promising product.
All this work is at the laboratory scale. National Council for Scientific Research
Zambia, has also converted pineapple wastes to wine.

Extracted juice from thepineapple wastes can also be fermented to alcohol
and vinegar. Laboratory experiments at HMARDI have shown that the yield of alcohol
is about 10%. Similarly as much as 10% could be recovered as vinegar. Although
vinegar is currently imported, the pineapple companies do not see a market for
vinegar in Malaysia.

Solid pineapple waste may also bc treated by fermentation (5). Several
microbial approaches to pineapple waste recovery are possible depending on the
end product desired. The production of single cell protein for both human and
animal feed svems to be a promising field. Other by-products recoverable from
fermentable carbohydrates of pineapple wastes include citric acid, lactic acid,

orbose, gluconic acid and tartaric acid, to name a few. J”The natural citric

cid content of pineapple wastes is too low for direct e#traction. The alternqtive
method is through fermentation. Extensive literature exists on citric acid
fermentation using several media, especially beet and cane molasses which could

be appliéd to pineapple wastes. The most common organism used in the commercial

- production of citric acid is a high-yielding strain of the mould, Aspergillus
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;iger. The sugar concentration of the medium has to be between 20% to 25%. The
sugar concentration in the wastes is less than 10%. A further concentration of
the juice and the addition of sugars are necessary before these wastes can be
used as a medium for fermentation. The incorporation of cheap fermentable carbo-
hydrate such as cane molasses would not only reduce the initial cost of conversion
but also help to utilize yet another agriculfural waste." (9)

Dr. Algaratnam of the University of Singapore (16) has done research on
anaerobic yeast fermentation of the solid wastes to produce an animal feed. Lee
éineapple Company sponsored this work which has not yet been piloted. The Uni-
versity of Nairobi in Kenya (17) is considering pineapple wastes as a possible

source of substrate for production of yeasts. Dr. Kothary of the Dept. of

Food Science and Technology is growing Candida utilis on molasses and pineapple

waste using urea and superphosphate as a nitrogen source. The solids from
fermentation can go to ensilage, be dried and fed to animals, with or without
addition of molasses, or go to algae ponds or fish ponds (18). This latter
application could alsobe used for solid wastes without first fermenting them.
Earlier, the loss b% sugar from pineapple shells and other canning wastes

which produce a juice, w&shmentioned. The following process was developed in
order to utilize 50 percent of this juice in the preparation of a syrup for canning
pineapple slices (3). The pineapple shells and waste are comminuted in a hammer-
mill using a screen with 1/4-inch perforations. The comminuted pulp is then

un through a screw-press to extract the juice. The juice is centrifuged to
separate most of the solid particles in suspension. The centrifuged juice is
treated with a 4 Be CaOH2 suspension, to adjust the pH 2/10 units above its
original value. The calcium hydroxide treated juice is heated to 170° F. and
filtered using a f%ltering aid. The clarified juice is treated with activated

charcoal (1 percent by weight). The juice with the added carbon is heated to

170° F and maintained at this temperature for 30 minutes. After this heat treatment



it is filtered using a filtering aid. The clear, transparent juice obtained 261
can be used in the preparation of a canning syrup for pineapple slices.
Crystalline sugar recovery is possible, but this would be a more expensive
waste utilization than other possible uses. The seasonal nature of the pine-
apple industry discourages large capital investment. The Industrial Development
Board of Sri Lanka is studying the production of pectin from pineapple peel.

Conclusions

Pineapple wastes, which can be used for nutritional needs, are of environ-
mental concern, particularly in Malaysia. Conversion of pineapple wastes to
animal feed without fermentation is an established procedure, however this ap-
parently is not widely done. Of the 30 x 10° petric tons per year available
in Thailand only 2 x 103 are thus used and there is little such use in Malaysia.
However, this usage doesn't require piloting. Pineapple wastes are not con-
sidered important in Ghana due to the low quantity.

More suitable for pilot studies are the various possibilities for fer-
mentation of pineapple wastes into the previously described products. Dr. Amara
(19) believes that he could arrarge for a pineapple waste utilization pilot
study to be set up at Siam Food Co. in Thailand. However, MARDI in Malaysia
might be a more appropriate place for fermentation studies since they already
have been doing laboratory studies. Compared to Thailand, Malaysia also has
greater

+ quantities of wastes available,

+ concern over environmental impact,

. animal feed needs (Thailand is an animal feed exporter).
However, there doesn't seem to be adequate private sector in.erest in Malaysia
in using pineapple wastes as evidenced by

.. limited current use as animal feed,

. limited industrial efforts on utilization,
. not following up Dr. Alagaratnams' studies at the pilot scale.
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Appendix A- Pineapple Cannery, Ghana (6)

Cannery Division, GIHOC
P.0. Box 115
Nsawam

The Nsawan cannery, several miles north oﬁéur previous stop on the
Accra-Kumasi road, processes two types of pineapples; Sugarloaf, which is too
soft for mechanical handling, and Smooth Cayenne. Sugarloaf, with 18% soluble

solids, is peeled by hand. The innards are separated into various cuts. Re-

‘ected sections are crushed and turned into jam. Cores and eyes are chopped
and squeezed for juice. Pulp and peels go to waste.

The Smooth Cayenne pineapples follow the same procedure except that
the process utilizes mechanical peeling, coring, and slicing. Slices are canned
by hand, the cans automatically filled with hot juice, sealed, and sterilized
in a batch unit. The cores of Smooth Cayennes are discarded.

Most of the waste has found no use, but there have been some experiments
on feeding it to rabbits. Information found by the first team on the Malaysian
work to reduce pineapple waste has been passed to Mr. Nubuor. This would be
an important activity, as roughly 40% of the weight of these pineapples go to
waste.

As with other food plants which we visited in Ghana, this plant was well
under capacity, processing between 3,000 and 4,000 tons/yr rather than its 10,000 -
12,000 ton/yr capacity, because of a lack of raw material. Pineapples are canned
& months of the year and citrus and other fruits the remainder.

The plant was equipped with modern machinery, most imported from Yugoslavia.
It appeared to be operating without difficulty.

As vith other plants in Ghana, and the pineapplz plant visited by the
second team in the Ivory Coast, the effluent wash water with juice and some solids

was allowed to run out. Obviously, a small and inexpensive concentration or

treatment unit would alleviate this situation.



Appendix B-Pineapple Carnery, Kenya (6) 2 6 5
Kenya Canners, Ltd.
Del Monte Ltd.
Box 147
Thika

The Del Monte Company operates a large pineapple cannery at Thika,
rougly 20 miles northeast of Nairobi. The parent company in the United States
owns the cannery outright but leases the land for growing pineapples from the
Kenya government, as foreign citizens or corporations are not allowed to own
land in Kenya. They raise all the pineapples they process. Kenya Canners is
required by the government to buy pireapples from the farmers if they wish to
sell, but have bought none for the past two years, for the farmers can get more
money selling locally as fresh fruit than they can get at the cannery.

Pineapples are picked and loaded into truck beds and brought to the
plant, backed up to a flume about 20 ft. wide, 3 to 4 ft deep and long enough
for ten trucks to be backed up along each side of it. Fresh water in a very
large stream is pumped into the end of the flume fartl.e_t from the cannery. The
truck beds are tipped up in turn and the fresh gathered pineapples float toward
the cannery, where they are picked up by an inclined 1ift and given an additional
spray wash. They drop from the 1lift onto series of grading bars which separate
the pineapples on the basis of diameter. The pineapples then drop to a conveyor
system which feeds them into peelers and corers set to take the various sizes.
Both peeling and coring are completely automatic, and will process a pineapple
in about 1 sec. There are eleven lines of peeler-corer units and all were
o;erating.

After having been peeled and cored, the pineapple cylinders drop to
work tables where roughly 12 women at each cut off any remaining peel and eyes
that the machines missed and pass the pineapple cylinders on to an automatic

slicer. After the slicer, another group of about 50 women on each line pack

the slices in cans to be sealed and sterilized. Broken pieces and part slices
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are packed separately as pineapple segments andérushed pineapple.

The pulp and cores are conveyed away to a chopper which reduces them
to about 1 to 2 in. pieces, then loaded into trucks to be hauled away to a
cattle feedlot which Kenya Canners operates. They have some 1100 cattle on
feed and they can each eat about 80 1lb/day of material (about 8-10 1lb pineappic
waste on a dry basis supplemented with 4-6 1b of a mixture of urea and cotton

seed meal, soybean meal and corn gluten meal to bring the digestible protein 4

l;vel to 12% on a dry basis). The feeder cattle are purchased from nearby farm;
and ranches and run on grass for a short time with pineapple waste made available
to get them used to it. In about two weeks time they eat it readily. The rate
of gain is about 2 lb/day, which is somewhat lower than best feedlot operation
of a typical United States Midwest feedlot where corn, silage, etc. are fed,

and gain is 2.5 to 3 lb/day. This is attributed to the extremely high moisture
content of the pineapple waste which cannot be easily excreted by the cattle.
(Juice runs out of the truck as it is loaded.). They have plans to squeeze the
material to recover the éuice, which will be ion exchanged and used as a source
of sugar for their canning operation. The 1100 head of cattle cannot use all
the waste produced, roughly 15,000 tons/yr, and neighboring farmers are allowed .
to haul it away for feeding.

. Evidently the price of feeder cattle and beef as controlled by the government
does not allow any profit, even when feeding pineapple waste. There were 12
l%rge feedlots operatingin Kenya a few years ago. They have all gone out of
business except two. The same problem plagues the dairy farmers, who cannot
afford to buy feeds for milk production. The supply of milk drops 30% throug!

February, March and April, when 'grass is short, but increases again through May,

June. and Julv when more rains come and pastures improve.



Del Monte has three pineapple canning plants:

Kenya 120,000 ton/yr
Philippines 250,000 ton/yr
Hawaii 100,000 ton/yr

In Hawaii the waste is dehydrated for dairy cattle feed in a rotary drier,
while in the Philippines it is squeezed. On a dry basis, it contain; 62%
T.D.N., mainly starch anda sngar.

, While Del Monte says it is not making any money on the cattle feeding
venture, it appears that the feeding operation does dispose of waste material
which would be hard to get rid of otherwise. Nairobi has a sewage disposal
plant, but it could not handle the waste which the pineapple cannery produces.

The canning plant operates two shifts per day and has a total crew of
about 2600 people. The pay is as follows:

Plant employees - 10 shillings per day ($1.20 U.S.)
Agricultural workers - 8 shillings per day ($0.96 U.S.)



268

Appendix C - Pineapple Cannery, Zambia (6)

Rucom Ind., Ltd.
Lusaka

A pineapple and fruit cannery is the main loss item. The cannery is
located in a rural area in the northwest on a dirt road; products can be
transported only 100 miles/day by truck when the road is dry. Also, the govern-
ment required pricing below actual cost until recently. In addition, there
were no workshop or banking facilities, no spare parts, and too few trained
people.

Tk pineapple cannery operates from November to March processing 16/ton/day.
About 70% is wasted, including those that spoil because of capacity limitationms.

New equipment on order will replace worn out machinery and increase capacity.



I. Quantities of Rice and Rice By-products

Rice is the most important cereal grown in South-East Asia and the
Far East, and the by-products are rice straw, bran, and hulls. In 1969-70
annual production of rice in the region (expressed as milled rice) was
estimated at 182,135,000 tons, of which 94,000,000 tons and 59,649,000
tons were produced in mainland China and India respectively. Production in
South-East Asia and the Far East constituted some 91 per cent of a total
estimated 1969-70 world production of 200,550,000 tons of milled rice (1).

The kernel inside the outer husk of rough rice (paddy) is covered
with the so-called "Pericarp" or "Bran" layers, which are the remains of
the ovary walls. These are removed during the first stage of milling
dehusked rice together with the seed cmbryo, and the two together form the
rice bran of commerce. Under the pericarp layers iie the so-called
"Aleurone" layers, which are removed in the final stage of milling, and
which are generally referred to as polish. The starchy core remaining
after removal of the pericarp and a]éurone layers and the germ is referred
to as milled rice (1).

When paddy is processed into milled rice, as high as 25% may appear
as broken rice (2). In the milling, 30-35 per cent by weight is lost as

by-products, of which about one third is represented by bran and polish
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and two-thirds by husk. In efficient mills yields of about 8 per cent of bran

(including germ) and 2 per cent of polish may be expected. If all the rice
produced in the South-East Asia/Far East region were processed into milled
rice a minimum of 26,019,000 tons of bran and polish would have beer pro-
duced in 1969-70 (1). This is a massive raw material source which if not

unsed represents a considerable wastage and potential environmental problem



due to dumping. For example, most of the 3.2 x 106 metric tons of rice
%ran per year available in the Philippines is wasted, much of it being

dumped into rivers (3).

Table 1 gives statistics for the estimated production of rice and its

by-products during 1969-70.

Table 1 (1)

Estimated Rice Production 1969-70 in Different World Regions

' ‘ !
Region Production ( Thousands of Tons )

Paddy - Milled Rice Husk Braen and Polish

S.E. Asia/Far East 260,193 182,13 52,039 26,019
North and South America 12,914 9,040 2,583 1,29
. Middle and Hear East 3,73 2,611 u6 373
Africa, South of Sahara 2,793 1,955 559 279
Yestern and Southern Europe , 1,610 1,127 322 161
Soviet Union ; 1,500 1,050 300 150
Miscellancous 3,760 2,632 752 376
Total 286,500 200,550 57,301 28,649
3

In Thailand 2000-3500 x 10 metric tons per year of rice husk are
available (4), of which none is reportedly used by industry. The estimated
recovery of rice husk in Malaysia in 1969 was 235,800 tons (5). "In the past
the quantity involved was small and well scattered, and therefore did not pose
any disposal problem. However, at the milling centers, the disposal of large

quantities of husk ‘has become a problem (5)." At a National Agricultural
Marketing Board plant in Lusaka, Zambia, rice is dehulled and po-

lished at a rate of 1000 kg/hr with the hulls currently being
discarded.

Other significant wastes are harvesting, storage losses, broken rice,
and rice straw (2). Inadequate harvesting and handling become more serious
problems during peak harvesting seasons, especially if the rice cannot be
milled at once. It is estimated that 300 million tons of rice straw are

generated annually in India, Indonesia, Malaysia, Philippines, Singapore, and



Thailand. Thailand has an annual availability of 7000-14,000 x 103 metric
tons of rice straw (4) of which only 20 «x 103 mexric tons is used. In
1972, tha estimated annual rice waste and by-product tonnage in Malaysia

was 251,000 tons (2). 1In Kenya, a local Jrrigation scheme produces
sufficient rice that 15,000 ton/yr or straw are produced and wasted

If this could be upgraded to cattle feed, high quality cattle could

be produced in the area about Embu, which is dry and has poor graz-

ing conditions.

IT. Milling and By-product Composition

In the larger rice mills, processing is carried out in three stages
viz. husking, milling and polishing, so that it is possible to collect each
by-product separately. In smaller mills, however, the operation may be in
two stages, the polishing and milling being carried out together. In the
smallest mills all three operations may be carried out together. In such
mills it will obviously be difficult to separate the three by-products so
as to market them individually. Details of techniques and machinery used
for the processing of rice are given elsewhere (1). The rice mills have
varying capacities - from 0.5 ton/hour of huller-sheller type to 4 ton/hour
in modern rice mills. These operate for 200-300 days in a year depending
upon the number of crops in the area. In rural India, rice is mostly pro-
duced by ;and-pounding of paddy and is consumed as unpolished brown rice (6).

The composition of milled rice and its by-products shown in Table 2,
will depend greatly on initial composition and the milling techniques employed,
and figures given in the literature can only be taken as a very general guide
to what may be expected. It is difficult to separate husk, bran and polish
completely in all but the most efficient plants, and some admixture with

small pieces of broken milled rice is also likely. For the smaller less
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efficient mills, therefore, the by-products are likely to be marketed as
different grades of mixtures containing various proportions of husk, bran,
polish and small pieces of milled rice. A good example of this is given by
the composition of rice by-products produced in the islands of Luzon and
Mindanao in the Philippines. Three grades of rice bran from cone mills (fine,
coarse and bran-husk mixture) and two grades from husker rice mills (fine
bran-husk and coarse bran-husk mixtures) were identified. However, it was
pointed out that even this classification was arbitrary and very dependent

on the rice mill operator. Evidence was also produced of variations in
composition of by-products, which could be attributed to the variety of

rice milled and the locality in which it was grown (1).

Table 2 (1)

Composition of Rice and its By-products

Material Proximate Composition ( Dry Basis ), per cent

Crude Protein ° 0il Crude Fibre Ash Nitrogen Free Extract

( 1%6.25 )
Husked Rico D00 - 2.3 1.3 1.3 84,7
Milled Rice 8.5 0.5 ' 0.5 0.6 89.9
Husk 3.3 . 0.9 W2 21.5 30.1
Bran 13.6 15.0 12,8 1.6 44,0

.Pblish _ . 4.2 .9 3.0 11.0 56.9

III. Rice Bran and Polish

Rice bran is a by-product of the milling of brown rice to produce
white rice. Rice bran consist. of the outer bran layers of the kernel and
part of the germ, and constitutes 8.8 to 11.5% by weight of the brown rice
and 8% of the rough rice. Generally in Sri Lanka polishing yields

U% bran, though when the paddy is highly polished 8-9% bran
results. The protein content of the bran is higher than
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any other portion of the kernel, and it contains more lysine and threonine
than the whole rice. In addition to the protein, the bran fraction is rich
in fat, starch, free sugars, vitamin B, and minerals. The major uses of
rice bran are as animal feed and for the production of rice bran oil which
is used for cooking. Rice bran also has human food possibilities.

A. Stability of Bran

The high 0il1 content of bran and polish raises problems with regard
to stability. Naturally occurring enzymes liberated during the milling
process cause rapid hydrolysis of the oil of rice bran as measured by free
fatty acid increase. - This hydrolysis {or "Lipolysis") is very rapid, and
it has been reported that the fre: fatty acid content of the oil may increase
from about 3 per cent in fresh bran at the rate of 1 per cent per hour
during the first few hours after milling, reaching about 60-70 per cent
vithin a month. Lipolysis causes untreated bran to develop an unpleasant
~ancid odor and flavor during quite short storage periods. Rice bran is
11so known to catch fire spontanecusly in the hot and humid climates, due to
:nzymatic action. The bran is thereby turned into a valueless waste thch
nust eventua]]y be dumped and thereby create pollution problems.

Rate of Tipolysis in bran is dependent on moisture content and storage
.emperature. Drying to moisture contents of less than 4 per cent will
~2tard but not stop lipolysis completely, while storage at low temperatures
vill also reduce l%pase activity. Gas plasma irradiation has also been
"eported to inhibit lipolysis. However, the best methods of limiting lipolysis
in fresh bran from a commercial standpoint are the removal of the oil by
;olvant extraction, and/or the inactivation of the Tipolytic enzymes (lipases)
)y steam treatment. In the latter connection it nas been shown that steaming

it temperatures slightly in excess of 100 degrees C inactivates the lipases



within 5-10 minutes (Lynn, 1969). Dry heating at 110 degrees C for a period
of 2 hours also inhibits lipolysis effectively by both inactivating the
lipases and reducing moisture content (1). ]

Parboil.ng of paddy before milling by soaking, steaming and drying,
using either the traditional methods or the more sophisticated procedures
developed in the United States, would be expected to affect bran composi-
tion and its stability to lipolysis, and in fact it has been reported that
bran from parboiled rice is more stable than that from milled rice (1). The oil
content of bran from parboiled rice is higher than that from raw rice; 20.3%
vs 14.6% for first quality and 10.4% vs 6.5% for second quality.

The X-M method produces a stable edible bran (Protex) by simultaneously
milling and solvent extracting rice (1).

B. Rice Bran 0il

The 0il1 content of fice bran is guite variable. Bran produced in
large efficient mills may be expected to contain 15-18% oil while that from
snaller mills may contain only 10% due to contamination with hulls and
broken rice kernels. Refined rice 0il produced from fresh or stabilized
non-rancid bran is a useful edible oil roughly equivalent in properties to
cottonseed or corn o0il. In addition to uses as an edible o0il, rice bran oil
can be used as an anti-corrosion and rust-resistant oil, as an oil for the
cosmetics and pharmaceutical industries, and as a carrier 0il for insecticides.
(8). The defatted bran is used for animal feed.

Solvent extraction is the preferred method for producing oil from
rice bran. Some 20 years ago most oil was produced in Japan by hydraulic
pressing, which only removed some 50 per cent of the oil (1), but this has
now been superceded by modern solvent extraction plants. The expeller

process is less suitable due to the low 0il content and bulk fibrous nature
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of rice bran. However, since solvent extraction doesn't lend itself to

very small capacities, expelling would be suitable for village scale opera-
tions (9). The minimum size solvent extraction plant which could be operated
commercially would have a capacity of around 25 tons of bran per 24 hours.
Assuming a 300 day per annum operation, this would entail a suppl: of about
7,500 tons of bran per annum i.e. the output from mills processing 75,000
tons of paddy. The annual production of crude 0il from such a plant might
be in the region of 1,000 tons per annum. Food grade hexane is the usual
solvent, although the use of alcohol is being studied in India (9).

The free fatty acids that remain in rice bran oil after extraction can
be removed by refining with sodium hydroxide. Refining rice bran 0il may
pose technology problems at the village scale level. If extraction cannot
be carried out feasibly in the village, the bran would have to be enzyme de-
activated to reduce the free fatty acid formation during transportation to
extraction plants (8).

One of the problems of producing rice oil in less developed countries
is the scattered location and small size of most of the rice mills, which
makes it difficult to collect suitably large quantities of fresh or stabilised
bran for the production of oil on an economic scale (1). In India which has
a large solvent extraction industry (30 plants), only 40-50 per cent of the
available bran was extracted yielding 90,000 tons of oil (1975). In the
Philippines and Indonesia there is only one plant each. The scittered
nature of its production, the consequenu difficulty of collection, and the
highly unstable nature of bran (fat) induces the rice miller to sell the
material quickly. Hence, storage over long periods and transport over long
distances is generally avoided.

The only oil extraction plant in Indonesia is presently not in opera-



t}dﬁ (10). This plant was completed in 1967 and has a capacity of 4 ton/day
of rice oil from bran. Since its completion, it has never produced rice oil
cheaply enough to compete with coconut oil in the market place. Some of the
problems which were encountered include:

. Processing by one pass polishing systems leading to too many

impurities in the bran

* Rancidity of the bran due to collection and transportation

problems and the distance between the polishing mills and
the oil mill.

In order to maintain its value as a raw material for the production
of edible oil and protein feedmeal, the rice bran needs to be stabilized at
" the mill if stored, or else transported immediately to the extraction
plant. In the Philippines, the rice bran oil mills are small, scattered,
and not located near tha rice polishing mills. Therefore, transportation
costs of the bran are high and stabilization of the bran to avoid rancidity
is necessary. Also, since the production of rice is seasonal, the bran
would have to be stored and stabilization would thus be necessary. In this
type of situation, proximity of the polishing and oil mills would facilitate
the production of rice bran 0il (3).

The lack of appropriate processing equipment, especially in small
mills, is reflected by the very low production of rice oil in most rice
producing countries at present. Such equipment exists in plants with daily
capac%ties of about 100 tons. However, so far no approp;iate stabilizing
equipment of a small scale exists with respect to design, function, capacity
and technological and economic efficiency, which would meet the requirements
of the developing countries, particularly in the rural areas in a less

developed stage of infrastructure (1).



The United Nations Industrial Development Organization (1) is seeking
to develop equipment which could be operated in rural areas on a small
scale to stabilize rice bran, thereby halting the deterioration and enabling
further storage and transportation. If such a prototype stabilizer could
be successfully developed, it will enable the stabilized bran to be stored
for months and transported to existing solvent extraction plants for oil
extraction and the production of edible o0il &nd high quality meal for food
and feed purposes. This would mean some 1.8 million tons of crude vegetable
oil or 1.6 million tons of edible 0i1 could be made available for human
consumption in addition to some 6 million tons of extracted rice bran meal
for protein animal feed.

The equipment required for efficient stabilization purposes has to be
suitable for atfachment to existing small scale rice mills and has to be
operational with the minimum level of labor, skill and attendance, and no
electricity and/or steam consumption, It Qou]d be the ideal solution if the
stabilizer could be designed for rice husk fueling (11). Efforts are presently
being made in Thailand to develop small scale steaming plants based on the
autoclave principle, for stabilising bran from mills producing as little as
4 tons of bran per day (1).

In India several rice mills have installed simple and inexpensive bran
stablizers where bran is heated to inactivate lipase making it possible to
store rice bran for 30-40 days (9).

Japan. is by far the largest producer of rice 0il with a current annual
production of 90,000 tons of unrefined oil (1). India and Burma are each
estimated to produce about 20,000 tons of rice oil per annum, while Taiwan,
South Korea, Thailand and the U.S.A. have estimated annual productions of

3,000, 6,000, 5,000, and 5,000 tons respectively. Total world
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| b}oduction of rice 0il is probably only slightly in excess of 150,000 tons
per annum, excluding possible productfon in mainland China. This is well
below potential production based on the total amount of bran produced, which
in India alone may be not much less than a million tons (assuming the 01l
content of the likely production of 6 million tons of bran to be 15-18 per
cent).

An economic study showed that the sale of defatted rice bran and oil
might be expected to yield around twice the revenue which would be obtained
by the sale of unprocessed bran, making it economically advantageous to in-
crease rice oil production in the less developed countries of S.E. Asia and
the Far East. However, it will be essential that adequate quantities of
fresh or stabilised bran are locally available so as to provide sufficient
raw material to sustain an economic scale of operation (1). Unless small
scale stabilizers are developed, it is unlikely that this will be realized,
except in large modern efficient rice mills. The expansion of rice and
production will therefore be dependent more on progress towards the moderniza-
tion of rice milling in the less developed countries, with subsequent reduc-
tion in wastage of bran.

C. Rice Bran as Animal Feed

Currently, rice bran is used almost entirely as an animal feed.
World pioduction of rice oil is at present only around 150,000 tons per
annum, meaning that only about one million tons of rice bran is defatted,
and that all but 3-4 per cent of bran produced is fed to animals without
further processing or wasted. Of the 3.2 x 106 metric tons of bran per
year available in the Philippines, only 37,900 ton§tare used as hog feed (3).
Figures given in standard reference works for the proximate composi-

tion and feeding value of comnercially available rice by-products and other



feed concentrates produced in S.E. Asia, are given in Table 3. It will be
seen that rice bran and polish contain about 12-14 per cent of crqde protein,
which makes them rather superior in this respect to common feed cereals,

but inferior to oil seed residues. The crude fibre content of rice bran is
like wheat and maize bran rather high, but that of polish is much Tower.
Energy content as expressed by total digestihle nutrients (calculated for
ruminant animals) is quite high in the unextracted bran and polish but is
obviously considerably reduced when the 0il is removed. Defatted rice bran
is comparable with wheat bran in energy content (1).

The high fiber content of rice bran makes it unsuitable for unlimited
rationing to monogastric animals, but it can be fed in high proportions to
ruminants. The bran could be used as a high protein additive to other less
fibrous cereal grains and therefore increase its utilization as an animal
feed. The low fiber content of rice polish makes it jdeal for direct feeding
1c monogastric animals, especially poultry.

Rice like most other cereals is poor in calcium and iron, and rich in
phosphorous. Most of the minerals of rice will be contained in the bran and
polish. However, about 90% of phosphorous fn bran is present as phytiﬁ and
js therefore largely nutritionally unavailable. Bran and polish are aiso
rich in the B group of vitamins with the exception of cyanocobalamin (B-12).
This makes them important sources of B vitamins for monogastric animels.
Bran and polish have 37% excess lysine compared to milled rice, giving bran
and polish a considerable nutritional advantage.

Unstabilised bran which has becoms rancid, may be unpalatable to
animals, and it is, therefore, highly desirable to stabilise it by steaming.
Solvent extraction will largely remove flavour problems but will reduce the

eneray value of the bran. The possibility of contamination with husk,
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especially for material amanating from smaller mills, should also be men- 281
tioned (1).

Rice bran and polish have been used in the United States and the
Philippines successfully for pig rations. However there arc some Timitations
to this usage based on weight of the animal (12). Rice bran with a fiber
content less than 15% can be used in small proportions for poultiy feed (13).
Most of the world production of rice bran as feed is presently fed to
ruminants, both dairy cows and working bullocks and buffalo (7).

Defatted bran (after oil extraction) can also be used for animal
feed. While it is not quite as digestible as undefatted bran, its protein
content is higher and its storage life is considerably longer. Defatted
rice bran has also found utilization in Japan in the fish processing in-
dustry. The rice bran is use. /or the adsorption of fish soluble materials.
This bran can then be processed for second generation use as animal feed.

If stabilized rice bran and polish is available it can be compounded
with locally available vegetable products such as cereals Otﬁér than rice
and other by-products, such as cottonseed and groundnut expeller cake, soya
meal, and molasses (1). These materials are often not fully utilized in
South-East Asia and Lhe Far East.

There is a large and increasing demand for imported animal feed
materials in the developed countries of Western Europe and Japan. To
satisfy this demand large quantities of oilseed cakes and meals and other
materials are exported from the less developed countries of the Far East
pnd South-Cast Asia. Exports of rice bran at present form only a minor part
of this trade but nevertheless the quantities already exported are by no
means insignificant. For example official trade statistics show that 61,400

tons of solvent extracted ana 1.356 tons of unextracted rice bran valued at



around 12 million rupees were exported from India during the period April
1965 - March 1966. There is no reason why this trade should not be expanded
considerably provided that materjal of the appropriate quality can be pro-
duced (1).

D. * Human Food Possibilities for Rice Bran

In wheat and rice based diets Tysine 1is generally considered to be
the 1imiting amino acid. This emphasizes the nutritional advantages of
utilizing bran and polish which have a higher lysine content than milled
rice, in these protein deficient diets of Southeast Asja. Vitamin B
deficiencies resulting from milled rice diets can also be overcome by using
bran. In the Philippines 12.6 x 103 metric tons per year of rice bran goes
into production of tiki tiki, a vitamin B-1 rich concoction (3).

High fiber content as well as possible rancidity are the chief
difficulties associated with using rice bran and polish as food. Rancidity
could be controlled by o0il extraction or stabilization prior to use as a
food. In fact, it is extremely unlikely that rice bran could ever be |
seriously considered for food uriless it were solvent extracted. Steam treat-
ment may still be necessary even for defatted rice bran due to flavour
problems which can occur due to the 1-3% residual 1ipids in the extracted
bran (14). The X-M process is currently the most promising method for
producing rice bran suitable for food. The product, Protex, is a mixture
of defatted bran polish, and germ; it has a combined fiber content of 6-8%
as compared to 12% in defatted rice bran. Protex has been used in a number
of baked goods including bread and biscuits in proportions of up to 15% with-
out adversely affecting appearance or palatability. Due to the high lysine
content, this product complements the amino acid content of wheat flour and

significantly boosts the combined vitamin B content. Protex has been used
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with rice flour on a 1:2 basis for production of extruded products such as
breakfast foods and snack bases with a protein content of 20-25% dry
basis (1).

Air classification and sieving of finely ground solvent extracted bran,
have been tried as methods for producing low fiber and high protein content
material suitable for human food (15). Air ciassification can produce a high
enough grade material for incorporation into human foocd. In sieving, 30%
of the original material, now low in fiber and rich in protein, is recovered.
Sieving which is simpler and cheaper could potentially be employed at the
mill site and economically recover a protein concentrate.

An edible flour has been produced from defatted rice bran by dry
grinding and sieving. When mixed with wheat flour it can be used in baked
goods. Rice from flour can be produced cheaper than imported wheat flour
which makes it a useful flour extender. Rice polish when prepared under
carefully controlled and hygienic conditions, is being used in waffle and
pancake mixes and as a dusting compound in bakeries. A major use is as a
component of instant rice cereal for infants (16). Rice bran and polish
have distinct advantages over other cereal grains as a source of the B-
vitamins, Tinoleic acid, (an essential fatty acid), amino acids, and in
being markedly hypoallergenic. This latter characteristic makes bran and
polish a good cereal substitute for those who cannot tolerate wheat, rye,
barley, or oat products because of allergies to phese cereal grains.

Fermenting rice by-products to produce single cell protein for animal
feeding is another possibility for meeting the high protein food require-
ments in developing countries. Studies on growth of the fungus S. pulveru-
lentum of suspensions of fine wheat and rice bran and polishings showed high

yields of fungal biomass with comparable protein contents tc those obtained



; on flours (17). A process has been suggested to produce 10% - 105 tons
per year of a food grade product.

Rice bran is presently being used in Japan on a commercial basis as a
medium for growing mushrooms.

Protein Concentrate from Rice Bran - The U.S. Department of Agriculture has

developed and piloted a wet alkaline extraction procedure to isolate human
grade protein from rice bran (18). Protein extraction was also successful
on bran which had been stored and turned rancid, a];ﬁough twice as much
alkali was required as for fresh bran. The protein in heat treated bran is
denatured and is less suitable than raw bran ior protein extraction.

Acid precipitated concentrate exhibited higher protein, fat, and
starch contents and lower fiber and ash than those precipitated by heat,
when starch was retained in the product. Washing the products prior to dry-
ing lowered yields but iﬁcreased the levels of protein and fat compared to
unwashed products. If the rice bran oil is not removed, the product con-
tains 23 - 33% protein, 33 - 48% unsaturated fat, 15 - 23% starch. If the
starch is removed first, the product contains: 34 - 38% protein and 49 - 54%
fat. The unsaturated fat should probably be extracted first following a
treatment to stabilize the o0il. Thus the protein content of the product
would be doubled. Yijelds of concentrate ranged from 14 - 20%. The yield is
influenced by bran particle size and type of rice bran (18). The concentrates
contained 300-400 ppm of iron, making them a potentially good dietary source
of iron.

Protein efficiency ratios (°-R) and nitrogen digestibility were de-
termined on rats for rice bran and heat and acid precipitated concentrates
prepared in a pilot scale operation. The PERs of both the acid and heat

precipitated concentrates were significantly greater than that of rice bran,
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Lysine content is also higher in the concentrates than in the bran. |

Ultimately it is anticipated that the protein concentrates would find
use in human foods. Possibilities are as a lysine supplement in flours and as
an additive to non baked goods, e.g. meat extender, soy milk. Dr. Saunders,
Western Regional Research Laboratory, ARS, points out that the price for rice
bran remains low because there is more available than feed millers are using
in animal feed formulation. It is therefore timely that this by-product be
tapped as a source of protein for human consumptioq (18). Considering that
the traditional sources of protein such as meat, fish, egg and legume crops
are getting to be more expensive and scarce, rice bran offers some potential
to augment these existing sources. Rice bran protein in whatcver form, be
it as an isolate, concentrate, or extract, will surely go a long way in
terms of alleviating the protein malnourishment in countries such as the
Philippines.

Dr. Pablo of the Philippine Women's University (19) wants to pilot a
village scale unit at Cavite using the USDA wet alkaline process to extract
rice bran protein for use in baby foods. Inasmuch as there is a tremendous
need fur protein for infants, the product could have considerable impact on
improving nutrition of children in the Philippines. At the same time, it
would utilize a waste product of the food industry in producing the new

human food. A rice bran cooker is available for village scale stabilization.

The economic feasibility of the process is now being evaluated, and if it
looks favorable, the National Nutrition Council will fund part of the pilot
study and AID assistance will also be sought.

Evaluation of the pressed residue after extraction indicated that it
had potential value as a ruminant feed. This residue is comparable in

digestability to dehydrated alfalfa, containing approximately 15% protein.



If the supernatant remaining after centrifugation is not recycled, it can be
evaporated to recover the soluble proteins and sugars which are 7.3% and
51.2% respectively on a dry basis. The sugars present are sucrose, glucose,
fructose, and raffinose which may have value as a feed molasses after concen-
tration.

E. Other Uses of Rice Bran

Rice bran wax has been made in the laboratory by the Applied Scientific
Research Corporation of Thailand (20). It is a white odourless product that
could potentially be used in industrial formulations for polishes, furniture,
floor, and car waxes, or as an insulator of electrical wiring and cables.

Processes for the production of amylase, amyfglucosidase, and pectinase
from defatted rice bran have been standardized by CFTRI, India. The re-

ported demand for these enzymes is 600 tons per annum (21).

IV. Rice Hulls

Very large quantities of hulle are dumped or burned as
in Ecuador, Ghana, Sri Lanka, and Thailand (about 2000-3500 x

103 tons/yr) (4). These alternatives are becoming increasingly unattrac-
tive due to air pollution from burning and handling costs and land require-
ments in the case of dumping. The greatest potential utilization for rice
hulls seems to be for fuel, industrial and animal feed purposes.
A. Fuel Usage

Three kilos of rice hulls are approximately equivalent to 1 kilo of
fuel o0il in heating value. A great deal of rice husk is used to meet the
energy requirements of rice mills. Due to inadequate or obsolete equipment,
most rice mills are operating at low efficiencies on this fuel resulting in

wasted energy and high operational costs. When efficiently used, there is



wanted energy and high operational costs. When e"ficiently undd.
there i3 more energy avallable f'rom the husck produced in the ricé
mill than is required to operate the rice mill itself (22). Hulls
are therefore a possible general fuel source. In Sri Lanka, 1if
the rice has been parboiled, which is the way part of the crop is
processed, the husk after milling may be burned in the steam
boilers. The Paddy Marketing Boards' boilers are being converted
from oil to use husk. The excess energy is used to run the mill.
While this disposes of a waste material, the capital required is
very high. 1In the Philippines, Edmond Borromeo is considering
using rice hulls to provide indirect heat for drying banana
flour. The residue remaining after using rice husk for fuel may
also be used as a raw material for other industrial purposes in a
like manner as if fly ash, e.g. road construction materials.

The husk may also be pressed to briqguets, which rnay
be used to replace Tirewood, the most common fuel in Sri Lanka.
However, as with coconut refuse there is a collection problem.
for there are over 1,000 paddy mills in Sri Lanka, ranging from
0.5 to 2 ton/hr capacity. They are processing approximately 1.3
million ton/yr of paddy. Another possibility to produce methane
for fuel by fermentation of husks.

B. Industriani and Non-Nutritional Uses

There are a large number of industrial applications
for rice hulls which could be expanded. Some of thc most promis-
ing end uses are as filter alds, abrasives. and carbon and
silicon sources. The biggest Industrial potential, however,

appears to be as a building material.



Over 20,000 tons of rice hulls are annually used in
the U.S.A. as a filter aid in produclng juice from non-citrus
fruits (23). Rice hulls are also used as abrasives in tumble-
cleaning and polishing agents, soft-grit blasting materials, and
in hand soaps.

In India, rice husks are used in manufacture of
activated carbon and silicon carbide. The Georgia Institute of
Technology is investigating production of charcoal from rice
husks. Production of silicon tetrachloride for rice hulls has
been investigated in the United States. Furfural productibn‘is
an attractive possibility, providing an economic quantity of husk
is available over a long-enough period of time to justify the
large capital requirements necessary to establish such a plan. In
the United States, paddy husk is a raw m~terial for furfural.

An unusual use made of ashless burnt husk in India
is by washermen who mix it with soda ash and wash their laundry
witnh the mixture. The black ash that results from burning may be
used as a soll reclaimer. Other possibilities are activated car-
bon and rubber filler. The white ash that appears upon complete
burning can be used in cement, In Thailand, rice husk along with
coconut fibre has been successfully tested as a filtration medium
to produce clean water from river water. 1In the Philippines, a
cyclone burner has been desligned which is currently under test
using rice huck. Rice is also being used for flue curing of
tobacco. Another interesting application of rice husk is the
preparation of molecular sieves which is currently being investi-

gated in India as also is the manufacture of oxalic acid from rice
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husk. In the manufacture of plywood, finely ground materials
like wheat flour are used as extenders during the glueing opera-
tion. Detailed investigation is needed to see if husk of the
desired fineness can be used instead. Some preliminary studies
have shown promising results (9).

The Counclil for Sclentific and Industrial Research
in Ghana (CSIR) has considered converting rice hulls into brick
or vitreous dishes by mixing with bauxite wastes. Another pos-
sible use of the husk is to make a building board of it. Un-
fortunately the material is so abrasive that it blunts tools.

Research activities aimed at finding potential in-
dustrial uses for rice hulls have been going on for the past
sixty years. Most of these efforts have attempted to take ad-
vantage of a single property of the hulls themselves (such as the
fuel value or abrasive character) or of the ash formed by burning
the hulls (as an absorbent or a ceramic raw material). In addi-
tion, much of the past work considered technical feasibility only,
paying insufficient attention to economics. URS Research Company
has completed a study for the U.S. Department of Agriculture
examining the technical and economic feasibility of various utiiiza-
tion concepts involving more than one of the properties of the
hulls (24).

The URS study showed that the most promising approa-
ches to solution of the problem of rice hull disposal fall into two
basic categories. The first category includes methods for using
the heating value and the silica content of the rice hulls as ele-

ments in the manufacture of industrial products such as portland



cement, water glass, and porous silicate struactural materials.
The other category includes the chemical or physical bonding

of rice hulls into board for architectural use. One of the most
attractive approaches appears to be a manufacturing complex which
converts part of the hulls into water glass which is used in the
bonding of the remainder of the hulls into panel board (24).

C. Agricultural Uses

A small percentage of rice hulls are used as bedding
and litter for cattle, horses, sheep, and poultry. Of these,
poultry resting material accounts for the greatest fraction. The
limiting factor for this use is the distribution cost of the 1light-
weight bulky material. If used in this way, these rice hulls could
have second generation potential as ruminant feed (directly or after
fermentation) or as fertilizer.

As shown in Table 2, husks have about 2% protein and
over U40% crude fiber. Thus, there is interest in using husks in
animal feed formulations. Rice hulls at one time were thought to
be dangerous and feeds containing rice or rice by-products were
closely monitored to be sure they were not contaminated with hulls
(23). Early feeding tests suggested that they were harmful as a
feed additive and accused rice hulls as being the cause of some
animal deaths. The use of rice hulls in feeds is still illegal 1in
some countries such as France and Spain. The silica content and
sharpness of rice hulls are thought to be limiting factors in feed
applications.

Feeding ground rough rice to cattle, hogs, horses, and
mules, in Arkansas, Louisiana, and Mississippi, became an accepted

practice which pointed out that rice hulls could safely be used as
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a component in feeds. Investigations by Roland and co-workers
at the University of Arkansas in the early 1950's probably first
established the potential value of hulls as roughage for steers
and ewes (23). Now more rice hulls used in ruminant feeds than
in all industrial applications.

Whole or ground rice hulls have a low nutritive value,
in the range of 9-11% of dry matter digestibles (DMD). The low
availability of the relatively high carbohydrate content is most
likely due to interference from the considerable amounts of
silica and lignin (23). It is generally agreed that rice hulls
are an adequate substitute for roughage in ruminant diets as long
as it does not make up greater than 15-20% of the diet. It has
also been noted that the addition of rice hulls cause a longer
rumination and that this aids in increasing feed efficiency and
in preventing constipation and compaction (23).

The amino acid profile of rice hulls in Table Yy
gives an indication of protein content of rice hulls relative to

other rice by-products.
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TABLE 7 . AMINO ACIOS OF COMMLKCIAL HICE UY-PRODUCTS OTHEH T1HHAN BRAN (. umino acids per 16 0y N) (25)

Milltewd Polwh Milltecd Poiish —
Hulls Present Lain and ) Hulls Prewnt La-p and
Amino Acid (Catros) Calif. Tewas (Peart) Rodrigucs (G)  Anuno Acid {Calros) Cald Tenas (Pourt) Rodrifguez (6)
3.82 4.67 4.51 4.66 4,22 Cystine 1.90 224 2.25 ?_.57 1.26
B oli‘i'::arc‘;sm 122 235 236 2.70 1.50 Valine 569 5.8 610 557 540
Ammonis 3.42 2.82 2.78 1.96 1.39 Methiomine 1.76 1.9 212 2.78 2.92
Arginine 4.30 7.35 7.3% 8.19 6.3?7 Isoleucing 3.66 3.96 3.98 3 80 425
© Aspartic acid 8.00 9.32 8.96 a.e2 8.98 Leucine G.47 6.85 2.04 6.58 7.86
Threonine 420 3.93 3.96 3.02 3.60 Tyrosine 2.16 2.72 2E0 3.39 5174
Scrineg . 4.69% 4.84 4.84 4..0 4.61 Phonylalaning 4.40 4.58 4060 4.18 l;; 39
i i 10.42 13.09 14.02 1400 16.38 Tiyptophun e eeen e 42
: St':lli‘:::)"c st 6.50 4.79 4.92 3.8 5.61 % N recoverod 829 916 92.0 a82.9 98.6 R
Glycine %.43 4,91 5.54 5.05 A.42 % N in sarmmple (d.b.) 032 1.02 0.98 1.94 1.49
Alsnine 6.13 6.30 6.15 5.87 567

'On basis of crude protein = N X G.25,

Alkali treatment of rice hulls modifies the silica and other components,
théreby improving digestibility. Guggloy and co-workers, using an enzy-
matic digestion, showed that treatment with 400 1b. steam increased DMD of
whoie hulls from 11 to 18.5% and that alkali plus steam increased DMD to
34%. With ground hulls the values were raised to 22.4 and 54% respectively
(26).

The ammoniation of rice hulls with anhydrous ammonia in the presence
of mono-calcium phosphate at elevated temperature and pressure increases
the crude protein equivalent to 10%. This treatment breaks down the
silica surface, thereby softening the hulls and allowing some of the
silica to be removed in a subsequent screening step. The ammoniated

rice hulls have a higher feed value and can safely be fed in greater pro-
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portions than the untreated rice hulls.

V. Rice Straw
The harvesting of paddy generates approximately 4 tons/ha of rice
straw, and current quantities of rice straw in the major producing South-

East Asian countries are shown below (9). Rice straw is usually burned.

Rice Straw
India 140-150 x 10° tons/yr
Indonesia 70-80 x 106 tons/yr
Philippines C12-14 x-10% tons/yr
Thailand 50-60 x 10° tons/yr

Although the commercial utilization of rice straw,
another by-product, seems to be very small in most rice-pro-
ducing countries, it can be of some economic value if used for
making mats, ropes, bags and bales, or as fertilizer or animal
feed. It is used as roughage for cattle feed. The Norwegian
Hochschule of Agriculutre has an ammonia treatment process that
upgrades various straws for feed purposes (28). Experiments
show that rice straw contains 2 to 2-1/2 times the leaf fibers
contained in other cereal straws, an indication of its greater
suitability for paper making. In India rice straw is used as
a cattle fodder, for paper and board manufacture and as a
reinforcing material in the preparation of mud plaster and mud
fuska. Several mini-paper and board factories are being built.
The Industrial Development Board of Sri Lanka has a project on
producing cardboard from rice straw.

With progressive introduction of high-yielding varieties which give
lower straw yields, the total availability may be restricted for new ventures.
This has been taken into consideration while expansion of pulp and paper

) industry was being planned in Indonesia. For example, in Java, the straw
availability in the next few years will be about onc-fifth of 1973 fiqures.
The use pattern in Indonesia is: 50 percent as cattle feed; 25 percent as

soil conditioner and 25 percent available for industrial applications. At



present, there are three paper mnills based on rice straw. The
part of the plant which bears rice:-(locally called merang) is
preferred because of low silica and hig cellulose content.

The plant at Letjas (cap. 15,000 tpa) uses both straw and merang
while those at Blabak (Central Java: cap. 7,200 tpa) and at
Pedalarang (cap. 4,000 tpa) process only merang. The last unit
also manufactures cigarctte paper (1,500 tpa) with imported

pulp (9).

In addition to the above use pattern, rice straw is used-
as medium for mushroom culture in the Philippines and Thailand
(9). eg May Farms Liberty Flour Mills, Inc. in the Philippines.

Research is being done by Dr. F. Uyenco of the University
of the Philippines, Diliman and Dr. E. del Rosario, University
of the Philippines, Los Banos on producing sugars from rice
straw and hulls §27). Dr. del Rosario is also doing research on
producing yeast (Candida tropicalis) from acid hydrolyzates of
rice straw. The harvested yeast contained 51% of protein (dry
basis) whose amino acid composition compared favorably with the
FAO reference protein. Though yield of Candida utilis var.
thermophila and Candida tropicalis from sugar appeared adeguate
and their protein contents exceed 50%, the project was not
feasbile, according to Prof. Paca. DelaSalle Univ., Chem. Eng..
because of the large amount of energy required to mill the straw
to 200 mesh bhefore hydrolysis. Little hydrolysis with HC1
occurred at 50 mesh. Dr. Uyenco is using Trichoderma viride and
the same general procedures as the work at Natick TLaboratories.

(28).

VI. Summary

The ma.jor rice by-products which are vasted to a large
degree are rice hulls, bran, and straw. There have been scattered
referrals to the environmental impact of hulls and bran, but
ncthing specific was uncovered in this investigation (3). Further
investigation of environmental impact, particularly for wasted
bran, is needed.

The small size of the mills and their dispersed location
in South-East Asian countries, makes it difficult to collect
residues for [further utilization. Transportation to a pro-
cessing site also becomes necessary, thereby increasing costs.
Cne approach to these problems is utilization or processing of the
residues in proximity to the site where generated, i.e. integrated
milling-o0il extraction, milling-protein isolation, or milling-
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feed 1ot operations.

Rice hulls seem to be of the most concern as a waste since mountains
of these are supposedly piled up in rice producing countries of South-

East Asia. A portion of the available hulls are used for fuel and industrial
purposes, and these uses should be expanded. Because of the high silica
content, husks seem to have limited use for animal feed purposes. However;
as described earlier, there are reported uses of hulls in animal feed
formulations. Clarification of this usage is necessary because using hul]é
as animal feed would be a significant application.

Rice bran is currently used as animal feed or for extraction of oil.
If the bran is not extracted immediately, instability due to enzymatic
action can occur leading to rancidity and ultimate wastage of the bran.

n?br example, 3.2 X 106 metric tons per year of rice bran are available in
the Philippines (3). Of tiis 12,600 metric tons goes intc production of a
vitamin B-1 rich concoction (tiki-tiki), 37,900 metric tons are fed to hogs,
and 11,500 tons are used elsewhere. The remainder is wasted, much of it
being dumped into rivers.

Bran stabilization is therefore required, but this operation is
generally practiced only at larger mills. Hence, a strong need exists for
simple, efficient stabilization units for small rice mills, preferably
fueled with rice hulls. The United Nafions Industrial Development Organi-
zation (1) is presently engaged in the development of low-cost, low-capacity
rice bran stabilizing equipment to be attached to existing sma]l-capacity
rice mills.

Good human food possibilities exist for bran in which fiber content
is reduced, due to its amino acid profile (contains lysine and threonine),

and vitamin B-1 and protein contents. Such usage is potentially important
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in the rice growing countries of South-East Asia where diets are generally
protein deficient. A process has been developed for producing a human grade
protein isolate from rice bran (18), either stabilized or unstabilized, and
there is interest in the Philippines to pilot this process (19). The protein
extract would be intended for use in baby food formulations in the Philippines
Some potential disadvantages of'protein extraction are the loss of
carbohydrates and B group vitamins, and the possible denaturation of protein.
Also, at best 35-40% of the original protein in the bran can be recovered.
A better approach to protein deficient diets in South-East Asia might be to
encourage greater dietary use of brown rice (unpolished) which still con-
tains the bran and polish. However, this is probably culturally unacceptable

because use of polished white rice is considered to be a status symbol.
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SUGAR

Sugar cane is an important crop for conversion of solar energy and
the production of sugar from sugar cane is a large and well-established
industry throughout most of the humid tropical and sub-tropical countries of
the world. Usually started by colonial interests, the industry often did,
‘and in many case§ still does, represent the largest and most dominant agro/
industrial development in developing tropical nations. Sugar is the essence
of a cash crop: inuch more is prodﬁced than can be consumed in the producing
country and the considerable excess is an important export comiwodity factor
in an often tenuous balance of trade pattern.

Much of the industry's installations are old, and process technology
has remained essentially unchanged, except in scale, for the past 100 years.
The economy of sugar produrtion depends almost entirely on the world market
price of the one major pfoduct: sugar. Recent, and continuing, price fluctu-
ations have led the industry to reap enormous profits {in 1974), and to its
current level of almost wor]ﬂwide losses on sugar operations of any scale.

In addition to the food and feed uses of sugar and its byproducts,
it is finding increasing use as a raw material for fuels and chemicals (1).
Thus worldwide production of sugar is increasing, simultaneously increasing
the quantiﬁy of by-products, and effluents and environmental impact of the
unutilized portion of these wastes. Environmental concern about the poliu-
tion created from cane processing and alcohol production from the molasses
by-product of sugar mills, has been expressed in Brazil, Thailand, the
Philippines, andvelsewhere (2). In Brazil the government wants alcohol to
comprise 10-15¢ of all motor fuel used in that country. Presently, about

33% of all the alcohol produced from Brazilian molasses goes into motor
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fuel but the government wants to fncrease the amount. The national goal is
3 X 109 liters of alcohol per year. The Brazilians are very enthusiastic
over the idea and, in fact, are helping the Philippines to set up a
similar program for alcohol fuel (1).

In addition to ethanol, other fuels which can be produced from sugar
are methanol, methane, and various fuel gases. Ethanol from sugar can also
be used as a source of ethylene, a major material in the manufacture of
organic chemicals. Sucrose esters are being made in Japan and sucro-
glycerides in Europe from sugar. Production of ammonia from sugar has also

been recommended (1).

I. Sugar Production

Sugar plays a major role in the economics of India, Brazil, other
Latin American countries; India;’the Philippines, and Thailand, and is a
major export item in these countries. There are large quantities of by-
products available and effluents in all the sugar producing countries. A
good percentage of the by-products such as molasses and bagasse are wasted
and chere is environmental concern over these wastes and the effluents.
Particular concern exists over the high]y polluting still bottoms result-
ing from production of alcohol using molasses as a substrate.

Table 1 summarizes some of the available- statistics on sugar pro-

6 tons/

duction. Total world production of sugar in 1976/77 was 86.8 x 10
year, 58% of thi§ from sugar cane (3).

In the Ivory Coast, 1980 production of molasses is estimated at
150,000 - 200,000 tons/yr. If the present practice in Ivory Coast for

molasses is continued, all of it will be wasted (4). In Brazil, there are
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Table 1 (3, 4, 5, 6)

Production of Sugar

301

Crop Production . Raw Sugar ¢  Number
Metrictions x 10 Metrictions x 10 of Mills
(1974)
Dominican Republic 1.4 (1976/77)
Brazil .73 7.5 (1976/77)
Columbia 15.6
Guatema]a. 2.4
Ecuador 3.7
Peru 9.0
Ivory Coast .46 (1990)
Panama 1.36 (1972 .03 (1972).
Philippines 1 (1975) 40
India 140 5.5 (1975) 251
Indonesia 1.25 (1976/77). 58
1.62 (1982)
Thailand 1.8 (1976/77) 42
Malaysia 1 (1974)



presently plans to annually convert 30 million bags of sugar and all the
molasses into alcohol. In Sao Paulo already 5 million bags per year are
being converted. The national goal is 3 billion liters of alcohol annually.
Thus a large quantity of still bottoms is and will be generated, thereby
aggravating an already adverse environmental impact. '

| In Thailand, milling capacity has grown with cane output, which is
expanding significantly (6). Thus, we can expect to see increasing concern
éver sugar wastes in Thailand. Opposed to other gountries where the mills
are generally centralized on the larger sugar plantations, the sugar mills
which are located close together in Thailand are sometimes at a great dis-
tance from the farms (7). This has a negative effect on.use of some of

the wastes generated at the mill, e.g. irrigation of the farms with aqueous

effluent and stillage.

II. Sugar Processing

The production of centrifugal cane sugar from sugar cane results in
several by-products and wastes. The cane is first cut in the field and
£i1ed in windrows, which are burned to remove the leaves and leafy tops
from the stalks. The stalks are transported to the mill where they may be
;ashed, then chopped and fed into a train of extraction rolls where the
juice is expressed. The fibrous roughage or bagasse exiting the mill-rolls
is transported either to the mill furnaces to be burned for steam production
or to a storage yard. The raw cane juice is clarified by a lime trecatment
followed by filtration. The solids left on the filter are called filter
mud or cachassa. The clarified juice is then concentrated and crystallized.
The sugar crystals are removed from the mother 1iquid by centrifugation.

The sugar at this stage is termed raw sugar. The remaining mother liquor
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1s called final molasses. If the sugar is to be refined into white or 303
tablelsugar it 1s redissolved and re-crystallized in the sugar refinery (7).
The flow chart shown in Figure 1 identifies the major processes in the
production of raw cane sugar, and the major by-products, bagasse, filter mud,
and molasses (4). Cane wash water and sometimes condensate produce a liquid
effluent of high BOD. The chart also shows that molasses (and, in some
cases, clarified cane juice) may be fermented anaerobically to produce ethyl
glcohol thus producing another waste: stillage (agueous bottoms, from the
;till). Overall materiél balance figures shown on the chart allow the
calculation of the amount of the various by-products generated in the countries

of interest.

Figure 1 (4)
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1 should be noted that the chart shown is for a typical mill
produéing raw sugar (with a grinding capacity of from 1000-7000 tons of
cane per day). Smaller mills (10-100 tons cane/day) producing panela (a
crude sugar crystallized into a cake form) are less efficient in the clari-
fication step and produce a'cachassa much richer in carbohydrates. Molas-
ses {s produced at all mills producing centrifugal sugar and has a number
of existing markets and applications in the animal feed, pharmaceutical,
acid fermentation, and alcohol production industries. The value is dependent
upon the market price of sugar and the availability of transportation to
shipping or use points. Molasses, cachasa, and the other by-products are

discussed in separate sections.

111. Sugar Cane Factory Wastewaters

Water pollution problems arise not only from stillage, but also from
both cane and beet industries through the incorporation of carbohydrates
from various stages in process water. The level of pollution is higher
for the beet sugar industry than for the cane sugar industry. Abatement of
these problems is required at a plant engineering level. A recommendation
was made recently that special training courses should be organized on
water pollution control techniques for plant engineers in the cane and
beet sugar industries (2).

. The}e is environmental awareness of and government concern over
sugar mi1l effluents in Thailand, the Philippines (8), and Brazil (4).
Dr. Phrom Panichpakdi of the National Environmental Boarq indicated that
pollution from sugar mills has the highest environmental priority in

Thailand. The sugar mills are located close to several rivers in sizable

groups and together produce large amounts of liquid effluent as well as air



pollutants. Mill owners complain that the Government is forcing the industry 30!
to pay the'full cost of pollution control instead of financing cleanup efforts
from land i~evenues (6). For example, there are 18 sugar mills in a 2 km span,
each with capacities of 5000 to 8000 tons/day, and each discharging their
effluents into the Mekong River. Joint treatment on waste utilization would
be a possibility in a situation such as this. The Agricultural Attache at the
U.S. Embassy in Thailand (9) stated in a letter that the liquid wastes, which
are almost free of sugars, are put into sediment tanks where they are aerated.
The liquid is then released into the rivers and streams, while the disposi-
tion of the sediment from the tanks has not been reported on. With regard to
the Philippines, one report indicates that "the wastes from ten sugar mills
on Negros Island are not utilized for any purpose and are in fact thruwn out
to the sea. In some places, the pollution due to the sugar effluents in com-
bination with those from pulp and paper mills has already reduced the diversity
of marine life and has been suspected Lo severely affect the fish production
of bays". The specific type of wastes, e.g. washwater, excess molasses, etc.
involved here was not specified. One contact indicated an almost total lack of
research on the utilization of the wastes of sugar cane in the Philippines.
There are some studies on the effects of sugar mill and paper pulp effluents
on the env{ronment on Negros Island being done by the Environmental Center
in Silliman University, Damaguete City (8).

Brazil was somewhat unique to the cduntrjes visited in Latin America by the
second team in that it has a deeper sense of pollution awareness and even
some governmental agencies whose main concern is pollution, e.g. Companhia
Estudual de Tecnologia de Saneamento Basico e de Defasa do Meio Ambiente
Superintendencia de Treinamento (CETESH). Since sugar plays a major role

in Brazilian economics and now more recently in their energy programs, there



fs a major concern about the pollution created from cane processing and
alcohol procuction. This concern was cxpressed by everyone talked to
within Brazil.

Sugar industry wastewaters are characterized by large volumes of a
seasonal nature. High daily BOD loadings are common in many cases due to
poor housekeeping and factory management. Where treatment of any kind
is practiced, bioxidation in ponds is the most common method. Effluent
can be used directly to irrigate farms, which is an important use since

cane sugar grows during the dry season. Another potential effluent usage,

possibly after dilution or some treatment, is algae ponds and fish ponds (8).

Some description of the wastewaters and their treatment will now
be given. |
A) Mastewaters

Table 2 shows the various waste waters from a sugar cane factory

and Table 3 shows the cohposition of cane wash water. Where cane washing

'is practiced it is the primary source of pollution. The large volumes of
water required for washing become contaminated wiili suspended soil,
dissolved organic and inorganic material, and insoluble plant material.
Most of the soluble material is sugar, producing BODg values ranging from

300-1000 ppm (10).

Table 2 (11)

SUGAR CANE FACTORY EFFLUENTS
2,400 tonnes cana duly caparity

Average flowv  Average Total daly

Etfluent rate BODS 10ad (BOD)
gall/min, ppm bs
Cane Wash Water 1,000 680 8,157
" Floor ashing & Boiler blowdown 100 a7e 453
Excess Condensate 60 10 6
Condenser Water {once used) 8,000 69 4,138

Avsrage daily BOD load per 1onne daily capacity = 520
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Table 3 (11)

|COMPOSITION OF CANE WASH WATER

Tota! Solids 2,800 ppm
Suspended Solids 2,104 ppm
Settleatle Solids 1,722 ppm

Condensate is used for cane washing, however under normal conditions
there is more than enough condensate to meet processing requirements and
the excess is wasted. This condensate can become contaminated with en-
trained solids which yield an average BOD5 of 70 ppm, though it can be as
high as 500 ppm (10). Dr. Phrom of the National Envirnnmental Board of
Thailand (8) says that in Thai mills bagasse is picked up by the condensate
and later ferments. This problem should not occur however, if the con-
densers are properly equipped with entrainment separators.

B) Treatment of Sugar Effluents

The best method for controllinc effluents in the sugar industry is
to practice water ecoromy. In plant cont%o] measures to minimize the in-
take of water by sweet water recovery and condensate reuse are usually con-
siderably cheaper than end-of-process treatment. Correct factory practice,
good housekeeping, and proper equipmerit maintenance can often reduce efflu-
ent problems considerably. The principle methods used for the treatrent

of sugar factory effluents are shown in Table 4.

Table 4 (10)

METHODS AVAILABLE FOR TREATMENT OF
SUGAR FACTORY EFFLIENTS

1. Removal of Solids — Settiement,
- Sedimen:ation
- Filtration

2. lreigation

d Biotogical Puritication - Lagoon.ng
- 810‘09|\ al Filters
- Activated Sludge
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The effluent from the washing operation is pumped to a settling 308
basin and then biologically treated. In areas where land is scarce,
mechanical settlers arc used. Advantages over settling ponds are less
space needed, low retention times, and the mud does not become stagnant
which reduces the risk of fermentation in the tank. However, this equip-
ment is quite expensive. Many different flocculating agents are used to
accelerate settling, lime being thé most popular because it maintains a
sufficiently high pH to prevent corrosign and reduce the risk of anaerobic
fermentation.

Biological oxidation, which occurs in three stages, is usually done
in lagoons. The first stage is anaerobic fermentation of the carbohydrates
in which pH becomes more acidic, pronounced foam formation occurs and there ar
distinct butyric acid odors. In tropical areas this stage only takes a few
days. In the second stage, also anaerobic, most of the nitrogenous material
is broken down. The pH becomes slightly alkaline, hydrogen sulphide is
formed along with other sulphides, and the water darkens. During the
third stage, anaerobiosis changes slowly to cerobiosis. Aerobic fermenta-
tion starts and the lagoon is gradually re-oxygenated. Algae growths begin
to appear and the BOD5 falls from about 100 ppm to 10-15 ppm.

Natural purification is a relatively low cost method of treating
these sweet effluents. The main disadvantages are the land requirements
for ponds needing large surface areas and the odors given off during the
anaerobic stages.

The algae which grows on the wastewater can either be harvested for
animal feed or used for fish ponds. About 140 ppm 8005 is the optimum
value for algae growth. However, according to Dr. Pescod of the Asian In-

stitute of Technology in Thailand (8) claims that the costs are high, the
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system too complex for rural agro-industry and marketing would be a problem.
Feed produters are used to handling and using fishmeal, but not algae.

Using the algae grown in the remaining sugar effluent to fced fish
in adjacent ponds or using the remaining wastewater directly in fish ponds
is a possibility. A previous AID report (David D. Gaumer, 11/12/71)
cited an eight pound fish grown'on garbage collected from Bangkok hotels
in a period of less than six months. Carp and catfish have been grown in
Nepa] on food processing wastes. Direct use of algae grown on wastes for fis
%eeding in adjacent ponds avoids the costs of algae harvesting. Final efflu-
ent after the fish pond should have a BOD of about 20 ppm (Pescod, AIT).
With respect to rural agro-industry, this can be a profitable way to use
food production wastes. Fish are highly nutritious and since fish are not
a new product, it would be acceptable to local people, thereby eliminating
marketing problems. Transportation problems should also be minimized since
consumption can be at a local level. Fish ponds are also simple and local

capability to opervate them is available.

IV. Molasses

Molasses is produced at all mills producing centrifugal sugar (4) at
an approxfmate yield of 20-25 liters of molasses per ton of cane. Some
production figures for molasses in tons per year are: Thailand - 665,000
$8), Kenya - 50,000 (12), and Ivory Coast.- 150,000 to 200,000 by 1980 (4).
| There are a number of existing internal and export markets and appli-
cations for molasses in the animal fecd, pharmaceutical, citric acid, and
alcohol production industries. The current (October 1976) world market

price for the molasses is 3.4 cents per pound (50-60% total sugar) (4).

The value of molasses in a sugar producing country is dependent upon the



market price of sugar and the availability of transportation to shipping or E)].ﬂ
use points and the present use of molasses is thus limited.

In one significant situation, the interior of the Ivory Coast, it
was found that molasses was still being used to settle dust on roads. As long
as world market prices for molasses remain at or near current levels this
molasses should continue to be available for some alternative nutritional use
(4), and a further discussion of this situation will be given later. In XKenya
the total production of 50,000 tons per year is dumped because of high shipping
costs (12). Most of the molasses produced in Ghana and several African
countries is also dumped (12). Molasses is used to produce a gin in African
villages and the still bottoms are dumped. The Kenyan government has now made
this gin production illegal.

Full scale integrated chemical and fermentation plants using molasses
as a feedstock or substrate are in operation in certain countries where the
politico-economic situation is appropriate (2). Though there are many possible
uses for molasses, in developing countries there may be little curront economic
incentive for use due to the relatively higher profits from sugar. Thus there
is a surplus of molasses in Thailand and the Philippines, and some of the surplus
is dumped into waterways in the Philippines when storage space is short (8).

At a recent UNEP/FAO seminar (2), concern over molasses wastage was expressed
and the following recommendations were made:

. Countries should investigate the "local" use of molasses in the
| production of secondary products;

. Encourage investigation into greater recovery of sugar from molasses,
including the study of the feasibility of the use of flocculants to
improve recovery.

A major environmental impact occurs from the dumping in waterways of

still bottoms from the manufacture of alcohol using molasses. For example,



:ﬁapan used to import large quantities of molasses from the Philippines for 311
the production of alcohol. Now, however, they are importing only ethanol,

thereby forcing more of the mo]asées to be fermented in the Philippine distiller-

ies. Distillery slops with BOD ranging from 20,000 - 30,000 mg/1 are a waste

from these distilleries. 1In some of those distilleries which are tied up with

@ sugar mill and plantation, the slops are used as soil conditioner. However,

very few distilleries reportedly thus use the slops and they are generally
~dumped into the ocean. Even with those distilleries which use the slops fora
irrigation, runoff is a problem. Concern over this environmental problem has§
been expressed in Thailand (8), Brazil (4), and elsewhere (2). This situation

is covered in greater detail in a separate section.

Animal Feed Applications

Increased use of molasses for animal feed would be a viable option for
some of the wastage. In Panama (7), some of the molasses from one sugar mill
is mixed with urea, other minerals, and vitamins and marketed at 6-7¢/1b. as
an animal feed supplement called Malavit. Molasses not used for Malavit is
exported. Another company in Panama operates a large (1,000 head) dairy cloce
to the mill which supplies most of the fresh milk in Panama City. Some of the
mill's molasses is used as feed at the dairy; the rest is sold domestically or
exported. |

Molasses is used as animal feed in Zambia, Kenya, the Philippines (12),
and in Malaysia molasses will be mixed with pineapple wastes and exported to
bapan as animal feed (8). Excess sugar cane bagasse has been considered as an!
absorbent or carrier for molasses and additional minerals and vitamins in a
pelletized ruminant feed. The UNEP/FAO seminar (4) recommended that furtHer
testing should be undertaken on animal feeding‘systems using high rates of
molasses in the feed. Successful application would increase molasses usage.

Molasses is a suitabie substrate for growing yeast cells, which as



SCP can be used in animal feeds. ASRCT (13) and Dr. Amara (14), both in 312
Thailand, are doing laboratory studies on producing SCP from molasses.
ASCRT has made a 45% protein product. PHILSUGIN (15), Philippines, has
expressed interest in a SCP-molasses fermentation pilot plant and Kenya
has expressed interest in moiasses fermentation (12). Molasses fermentation
fs discussed later in more detai) with respect to the wastage in the Ivory
Coast.
A recent paper (16) on producing yeast from molasses stated that

"the chemical composition and physical properties.of molasses vary, depend-
ing on agronomic factors, weather conditions during the growth of the sugar
beets, storage of their roots before the slicing, and most of all on manu-
facturing processes applied in the sugar industry. Different samples of
molasses produced in the same sugar factory and in the same campaigns can
have different chemical compositions. Molasses have both harmful and ad-
vantageous properties and components for the growth of yeast. Numerous
‘ipvestigations have proved that molasses from the first part of the cam-
péigns were better raw material than those from the second. Some authors
have confirmed that in the last twenty years molasses have become worse as
a%raw material for yeast. Nevertheless molasses are still a major raw
mgteria] for the production of baker's and feed yeast."

| Yeast manufacturing processes have also undergone céntinuous changes
rresent-day development of the methods of yeast production depends on im-
provement of the preparation of molasses, its clarification, the feeding of
yeaé&, application of continuous processes instead of batch ones, moderniza
tion of the aeration system of mash, and the separation and fiitration of
yeast. A1l these procedures allow yiclds of baker's and feed yeast to be

increased from 10% to 40% in comparison with the classic processes. Par-
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t1cu1qr1y tmportant is the selection of a proper strain of yeast that is
capable of taking advantage of the con.titucnts other than sugars from
molasses mash during the manufacturing processes.

These and other problems are very important for production of baker's
‘and food yeast from molasses."

The rapid development of fermen:ation technology will have an impact
on the economics of utilization of bot' molasses and cane juice. Currently,
molasses is the preferred substrate fo~ bakers' yeast production and the
present trend is the'use of full-strenith molasses as feedstock (16).

Other products made from fermentation of molasses are monosodium glutamate
and citric acid. MSG is manufactured in the Philippines, but citric acid is
currently imported. At the UNEP/FAO sominar (2), it was pointed out that
"Citric acid may be produced from suga: by-products, but with the current
world capacity for citric acid production, further development of capacity,
except foi local internal markets, should be approached with caution." Dr.
- Salome del Rosario (17) is seeking fun's for a citric acid pilot plant in
the Philippines.

Dr. Solon of the National Nutri ijon Council, Philippines (18), has
expressed interest in molasses as a po ridge adjunct for babies. This use
might requfre sterilization. ASCRT (Tiailand) (13) is doing laboratory
studies on.production of potash from c.ne molasses for fertilizer applica-
tions. The UNEP/FAO seminar (2) pointid out that the present potential of
molasses for the production of microbi. 1 polysaccharide is recognized as
being Tow. Glucose and sucrose are prcferred feedstocks from a technical

point of view.

V. Molasses Stillage

The most important new factor aifecting the sugar industry has been
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the price increase in petroleum products. The increases have caused
chaotic reverses in the balances of tr.de of developing nations - many of
them without petroleum reserves of the.r own. Many of these impacted
nations are in the humid tropics and mist of those are major sugar pro-
‘ducers. These nations are becoming increasingly interested in obtaining
relief from some portion of their oil imports by developing fuel production
capacity based on indigenous products. In most cases this has meant the
production of ethyl alcohol by anaerobic fermentation of cane molasses and
even raw cane juice (4). Althou§h the cost of fermentation alcohol is
generally higher than chemically (C2H4) derived alcohol, it should be noted
that the overall economy of a country riight be served by a controlled
ethanol mirket (2). Brazil is a case in point and will be discussed
separately.

The still bottoms (slops, stilii:ge, calda, vinersse) resulting from
the production of a]coh01 using molass's as a substrate, is the sugar
industry waste of greatest environment.1 concern. It is a major problem in
the Philippines (8), Brazil (4), and eisewhere (2). For every liter of
ethanol condensed from the alcohol sti 1 of a producing mill, 10 liters of
acidic aqueous still bottoms (stillage or calda) are produced. This material
is foul smelling, contains 6% solids (1uch of which are pentosans and hexoses
unfermented in the anaerobic, Saccharoawceg fermentation), protein and ash.
The 8005 is also very high (50,000-60,1:00 ppm) and composition of stillage
is shown in Tables 5 and 6. Technolog. for treatment exists; however in
many .ases, e.g. Brazil, the waste is Jumped into waterways with inadequate
or no prior trecatment.

The residues have a relatively liigh mineral content and high BOD

* which makes further utilization difficult. No satisfactory economical and
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Molasses Stillage Composition (5, 19, 24) 315
Component Concentration (mg/1 unless otherwise noted)
pH 4,3 - 4.5
Soluble COD 67,100 - 75,700
Total COD oc 71,000 - 100,000
Soluble BOD520 17,000 - 40,000
Total BODs : 50,000 - 60,000
Solids .
Total 70,200 - 95,800
- total fixed 19,400 - 22,200
. total volatile - 50,700 - 73,600
.Total dissolved 77,400 - 85,600
+ fixed dissolved 17,900 - 21,500
. volatile dissolved 45,600 - 64,000
Total suspended 2,540 - 10,280
« fixed suspended 40 - 1,720
- volatile suspended 2,500 - 9,620
Alkalinity (as CaC03) 806 - 1,320
Volatile Acids (as HAc) 3,610 - 5,920
Nitrogen (as N)
+ total Kjehldahl - 790 - 1,450
« organic 770 - 1,280
Protein (biuret) 340 - 570
Total Orthophosphate (mg/1 as POg) 59 - 98
Reducing Sugars 4 660 - 950
CHO 1,150 - 2,400
Ash 3 - 5%
K20 37% of ash
Color 100,000 units
Temperature : "' 80 - 900C
Glycerol 1,580 - 2,620
Gums 80 - 1,000
Fibers 30 - 50
Fats 0.00 - 120
HWaxes 10 - 30
Si02 : 5 9
Iodine Traces

"The principal factors associated with the magnitude and variation
of these characteristics are: the variable sugar and ash contents of the
molasses, which itself is a by-product of sugar production; and the amount
of acidification (H2S04) of the molasses-water mixture to obtain an optimal
pH level for the fermentation. The siop is rich in nutrient materials hav-
ing value as cattle feed extenders anc soil supplements. From a biological
treatment perspective, the slops stre.m typically contains a deficiency of
nitrogen and phosphorus, and most of the volatile suspended solids component
of the slops stream is derived from tie yeast crop produced in the fermenta-
tion. The organic content of the sloys (70 to 100 gw/l CoD) is well in
excess of the point where the oxygen «emand in an aerobic system exceeds
cconomically attainable rates of oxyg:n transfer" (24).
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Ionic Composition of Slops (24)

(Units o mg/l1)

Constituent Range

In 2.38 - 19.93
Cd 0.09 - 0.32
Pb 0.77 - 1.60
Fe - 42.0 - 150.0
Na 209. - 523,
Cu 2.0 - 124,
Co 0.19 - 0.76
Mn 2.38 - 15.6
Ca . 1,850. - 2,476.
Mg 391. - 1,728.
Cr 0.25 - 0.33
K 4,011. - 4,845,
Al 0.10 - 0.58
Cl 1,330. - 4,400
S0, 3,500. - 4,800.



commercial use of the end product has been found, and there s very little
current research work in this parti-ular field anywhere in the world. With 317
the expansion of sugar production and concentration of industry, the problem
related to spent molasses liquor has become more acute. The problem for
developing countries appears to be one of usability of spent molasses
liquor vhereas for developed countries the question is primarily associated
with the prevention of serious pollution. Private and governmental insti-
tutions should be strongly encouraged to set up pilot plant studies to :
develop low cost, economically viéb]e technologies, for the use of spent
molasses liquor and satisfactory means of disposal (2).
A. Treatment

Some applications of untreated stillage exist. Irrigation of the
sugar crop fields with stillage returns some of the mineral and organic
nutrients. This is done at the Don Q. Rum distillery on the South coast of
Puerto Rico (20) and in Southeastern Brazil (19). In Indonesia these
effluents along with sugar factory strcams are led to paddy fields where
they have increased the yield of rice (5).

Alcohol producers in India make a practice of recycling the stillage
back to the fermenter as make-up water about 9 times prior to disposal.
This decreases the volume of the stillige by almost an order of magnitude,
but gives a much more concentrated waste (4). The high mineral content of
ﬁhis material renders it rather unsatisfactory for direct use as an animal i
%eed, and quite unacceptable to pigs, but if does find some limited use in
some countries, mixed with wheat chafi and other cereal residues as a feed
for dairy cattle (27).

Incineration and deep well disjosal have been considered for direct

disposal (22). However the hygroscop city and viscosity of the stillage



makes incineration difficult and deep well disposal is only a temporary 318
solution.
The distillery spent wash musi be treated before discharge to waterways.
Some technology for processing, such as evaporation, anaerobic fermentation,
yeast and protein scparation, and desalination is available (21). Simple
methods which have been used are (5)
Evaporation for recovery of potassium salts
Sand filtration
Solar evaporation in India in open shallow pits yielding a dry cake
sold os fertilizer
Anacrobic lagooning which yields a rich fertilizer (12)

V A-1. Fermentation to SCP

Stillage contains about 7-10% of the original molasses sugars and hence
is slightly fermentable. Some supplemental sugar is probably necessary (20).
Taiwan currently uses the stillage as a feed stream for an aerobic fermentation
to produce Canadida sp. of yeast for animal feed use. The carbohydrate content
of the stillage is significantly reduced during the fermeatation, but the
volume of the waste remains essentially unchanged and the effluent stream from
the acrobic system is still quite polluting (4).

Centro De Technologia Promon, Brazil (19) recommends a fungal aerobic
fermentation to produce a protein for local animal feed usage. Easier recovery
of product and prices more competitive with soy protein concentrate are claimed
to be advantages err the torulautilis fermentation. Denver Research Institute
and ICAITI in Guatemala are jointly studying the growth of fungi for animal
feed oﬁ spent wash from a rum distillery using aseptic and non-aseptic fermenta-

tions (23). Tungi Imperfecti, Pacciloynyers clegans, Aspergillus oryzae,

Myrothecium verrucuria, and Trichoderma viride are being evaluated.

Aerobic fermentation of stillage with Candida utilis has been investigat-

ed by Optima Scientic (Philippines). This process rewmoves half the pentoscs
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and half the BOD. Vogelbusch of Germany apparently has an airlift system for
aerating and agitating the stillage, by which the fermentation proceeds with
a less offensive odor. The fodder yeast that results can be used for animal
feed.

Dr. DelRosario, Department of Food Science and Technology, University
of the Philippines, Los Banos, is interested in single cell protein (12).
He thought that stillage from molasses fermentation to alcohol would be a
lTikely substrate and should present no serious problems in producing single
cell protein. Coconut water is too dilute to be of much value as a substrate,
though when fortified with banana pulp it might be a possible substrate. If
the bananas are well ripened before fermenting, most of the starch is converted
to sugar and is readily fermentable.

V A-2. Anaerobic Treatment

Anaerobic units are known to generate methane (73%), carbon dioxide (25%),
and other gases like hydrogen sulphide (2-3%) at the rate of 8 ft3/1b of organic
matter. In this manncr, BOD is reducad by 90% to a level of 2,500-3,500 ppm.

On the average, the volume of gas generated is 20 times the volume of the spent
wash (5), and anaerobic fermentation :an provide 15 to 40% of a distillery's
heat requirements (19). The discharg: from the anaerobic units can be sent to
oxidation ponds where BOD level of effluents can be further reduced to 100 ppm.
Bacardi Rum in Puerto Rico did an £nvironmental Protection Agency sponsored
pilot study on anaerobic treatment of rum distillery slops (24). The objectives
of the study were to develop an anaerobic digestion process for the treatment of
the slops stream at the pilot scale, .and to estab]ishvdesign criteria for the
full-scale application of the process. Both bench and pilot-scale experimental
studies were conducted with the anaersbic contact process flow sheet (incorpor-
ating biomass recycle) to permit dete-mination of the Monod kinetic constants

and the kinetic relationships describing the anaerobic treatment of the slops.



The process kinetics were used to examine the operating and performance

characteristics of a plant-scale application (predicted effluent quality,

mixed liquor volatile suspended solids concentrations, methane production

rates, etc.). A process flow sheet was established and design criteria

developed as the basis for estimating the cost of a nlant-scale installation.

The process kinetic relationships and the economic analysis were used to

structure a cost-performance relationship to examine tradeoffs between cost,

performance, and selected design variables.

The results of the above indicate the feasibility of the anaerobic

contact process for treatment of rum distillery sler~ as follows:

1)

3)

Capability to produce an effluent containing less than 30 gm/1 of
COD at solids retentiun iimes greater than 40 days, in the treat-
ment of a slops stream containing from 70 to 100 gm/1 of COD.

Range of total annual costs (including amortized, operating, and
maintenance costs) varying from $3.74 per cu m treated at a design
capacity of 190 cu m/day ($14.18 per 1,000 gallons at 50,000 gpd)

to $2.13 per cu m treated at a design capacity of 1,140 cu m/day
($8.07 per 1,000 gallons at 300,000 gpd).

The recovery of methane as an energy by-product of anaerobic contact
treatment of rum distillery slops can, at current energy costs,
reduce the above unit treatment costs by one-third at the 190 cu m/

day (300,000 gpd) capacity.

Additional treatment of the effluents of the anaerobic contact process

will be required to attain effluent quality levels currently defined as BPTCTCA

(best practicable control technology currently available) by the Environmental

Protection Agency (U.S.A.).

V A-3. Evaporation

"Concentration of still bottoms is required in order to reduce the bulk
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of the material and to bring it into a form suitable for utilization. The 321
major incentive to treat such molasses spent washes continues to be the envi-
ronmental problem, as, to date, few satisfactory uses have been established
for the concentrate, and it is difficult to dispose of it at a price commensur-
ate with the cost of producing it. The basic process involved is one of evap-
oration, but due to the high mineral content of this material, and in particular
to its calcium content, careful attention is needed to the design and selection
of evaporators to deal with it. Scaling of the heat transfer surfaces in such
plant is always likely to be a problem, particularly where the molasses originates
from cane sugar. Traditionally, evaporators to deal with calcuim bearing mater-
ials have been of the forced circulation type and there are a number of installa-
tions in operation in several countries of the world where scaling is kept to a
minimum by the use of forced circulation. However such plant tends to be expensive
both in first cost, and in operating cost due to the high energy use for pumping,
and there has been considerable incentive to davelop evaporation systems for
this material, utilizing film evaporators, One such installation in the U.S.A.,
concentrates the spent wash to 25% total solids in a recirculatory falling film
evaporator with the remaining concentration to 70% total solids carried out in
the more traditional forced circulation type. In this particular case the film
evaporator is operated on the mechanical vapour recompression cycle giving great
economy in the use of energy. The scaling of the heat transfer surfaces is kept
under control by the low temperature differences across them, and by regular
acid washing of the evaporator" (21).

The concentrate may be used as a fertilizer to recover organic and
mineral values (19) or as an animal feed. The concentrated still bottoms from
citric acid manufacture in the United States is used as animal feed supplement
(20). Because it is high in minerals, the concentrate is Timited to 10% (wt)
of the feed. The condensed molasses soluables (CMS) from multiple effect evap-

pration at a Bacardi Rum distil]ery in Malaga, Spain are also used as animal feed



(22).

Bacardi Rum is starting a pilot study to evaporate and use molasses
still bottoms as animal feed (22). Mechanical vapor recompression evaporation
will yield a condensate which will go to aerobic treatment and 30 tons/day
of CMS. The CMS containing 10-15% solids will be tested as ruminant and poultry
feed at the University of Florida in Gainesville. Direct feeding, feeding of
bagasse - CMS peilets, and urea-CMS mixes will be evaluated. The urea is being
added tc the CMS as a nitrogen source for production of animal protein. Bagasse
pelleting is being tested because non-rummants take solids better. This applica-
tion also provides a usage for wasted local fibrous materials. Dr. Dorion of
Bacardi has also expressed interest on the possibilities of be]]eting CMS with
rice hulls in sugar producing countries where rice hulls are a waste problem.

"The high costs of fuel makes evaporation an expensive process. However,
use of wasted local fibrous materials such as excess bagasse and rice hulls
might serve as fuel."

"The concentrate may also be incinerated to produce a dry mineral
material which is useful as a fertilizer, and various other minor uses have
been reported such as use as a binder in the pelleting of compounded animal
feeds. There is however much of this material available and the concentration
and recovery of it is at present restricted by the absence of a good outlet for
the product at a price which makes its recovery economically viable" (21).
However, governmental environmental constraints may make utilization more
economical and viable.
B. Philippines

Japan used to import large quantities of molasses from the Philippines
for alcohol production. Now however, they import only ethanol, thereby forcing
more of the molasses to be fermented in Philippine distilleries. Thus a major
environmental problem was created in the Philippines. Annual production of

alcohol (95%) in the country is in th2 order of 65 M liters and total distillery
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capacity is 420,000 liters/day of 95% alcohol. There are 19 alcohol disti]]erfes
scattered all over the country. Eieven are attached and are owned-operated by
sugar mills (15).

The composition of the distillery slops in the Philippines is given in
Table 6. The most common treatment o the slops is by lagooning, with or without
aeration and treatment by flocculating. In distilleries owned by sugar mills,
the treated water is used for irrigation. Effluent from the other distilleries
is dumped into the ocean. Runoff is said to be a problem with those distilleries
‘which use the effluent for irrigation. This problem can be solved by diking to
collect runoff, following by redistribution of the collected runoff (20).

"Even when stillage is used fo- irrigation, bad odors result from

decomposition,

Table 6

Composition of Distillery Slops in the Philippines

Distillery Slops Analysis Range
pH 4.2 - 4.5
Suspended Solids About 10,000
Dissolved Solids . 52,000 - 71,233
Total Solids : 62,120 - 71,273
Chlorides 2,830
Turbidity Units 5,720

! BOD (5-day) | 19,100 - 28,700
BOD (20-day) 45,000
Protein 1%

(units on other parameters are mg/1)

One distillery in the Philippines treats the stillage by anaerobic

fermentation followed by aerobic fermantation (12). Flocculation with lime



and alum follows, then filtration and further acrobic fermentation of
the filtrate, which then goes to rice paddies. In another case the stillage

after aerobic treaztment and coagulation is used to grow water cabbage and
fish (12).

Studies are being conducted to eliminate the use of expensive floccu-
lants. Studies are also being conducted on the use of CHy fermentation for
treating slops. One plant has installed methane reactors, two in series,
cach of 500,000 liter-capacity (15). Little work on waste utilization is
being done in the Philippines. However, PHILSUGIN (15) has expressed interest
in pilot studies on production of SCP from molasses distillery slops.

"Details of processing and stillage treatment for a particular plant
visited by the 3rd AICHE AID/LIFE team are given in an appendix. In this
plant fish and a high protein plant was grown using untreated stillage as
a nutrient."

C, Brazil (4, 19, 25)

Brazil has announced - and is embarked upon - a national policy to
replace 20% of her petroleum jmporis by the early 1980's with ethanol produced
by fermenting indigenous sugar canc products. A1l other cane-producing nations
with similar economic problems are intensely interested in the fate of this
policy.

Brazil produced about 80 million tons of raw sugar in 1974. This means
that about 30 million tons of tinal molasses was produced as a by-product.

The Brazilian government supports the price of ethanol to promote its manufacture,
and to insure a steady source of alcohol, and several mills currently ferment
whole cane juice with no sugar production at all. Almost every sugar mill in
Brazil has fermentation capacity for alcohol production on the mill site and
700,000 cubic meters (187 million gallons) of ethanol were produced by fermenta-
tion. VYet this quantity only reduces 4% of the total netroleum imports. With

this large standing capacity it is worth noting that Brazil must more than
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triple its cane production and fermentation capacity to accomplish its stated
goal. Cane producers are, in fact, convinced that they can accomplish this
with little difficulty maintaining that as much cane can be produced as there
is a market for. They are probably correct.

Sugar producers maintain that their break-even point for sugar is
around 10-11¢/1b. Current world markct price has been below this level for
almost 6 months. The market price for ethanol is about 17.5¢/1b. at the
present time. A look at the material balance chart below will explain the
Brazilian processing scheme of selling raw sugar and fermenting molasses to
ethanol. However, no matter which path is chosen through the chart - they

still Tose money.

- Basis: 100 Tons Cane at Mill . Current torth
') 8.5 Tons Raw Sugar $1584.00 —,
and
3.2 Tons Molasses $ _57.00
7 $1641.00 > $1870.C0
[fermentation|
1633 1bs. 95% EtOH $ 285.00 —
L-L-D fermentation |

&

8680 1bs. 95% EtOH.
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Under the current national plan, 8 x 106 cubic meters of stillage
waste is produced per year. Current practise is to dump the waste into a
river. Unfortunately, the Brazilian dry season corresponds with the sugar

harvest so rivers at low flow levels receive the wastes when they can dilute
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it the least. It is now a severe environmental problem, and there is much
concern with the growing amount of calda which as of now seems to be useless.
The problem must be solved before the industry expands by 300%. Protein recovery
prior to stilling the mash is one possible use, but the yeast level is probably
too low (20). A szcond possibility, using the stillage as fertilizer, was
considered and found to be too costly as transportation costs were very high.

A third possibility is filtration and reuse of the filtered stillage to dilute

, the molasses prior to fermentation. The filter cake might make a fairly good

| swine food (4).

In addition to the problems in Brazil from molasses stillage, there will
also be stillage from producing alcohal from sugar cane juice and cassava. The
following stillage treatment scenario has been proposed (19):

. Molasses stillage for direct fertilizer use and treatment by evaporation

. Stillage from sugar cane jui:e for methane production and fungal biomass

. Cassava stillage - secondary and as yet undefined treatment.

VI. Bagasse

Generally about 85% of the bagasse (fibrous roughage) from sugar cane is
used as fuel to produce steam for the mills. If a mill produced only raw sugar
it would use about 15 tons bagasse/100 tons cane plus about 40 gal. diesel fuel
or bunker fuel o0il as fuel for the boilers. If the mill also operated a sugar
refinery it would burn all of the bagisse plus about 170 gal. of supplementary
 fuel oil per 100 tons of cane (7). I1 Indonesia, about 7-9% of the total
i bagasse is also consumed by locomotiv:s. Due to the shortage of energy resources,
the present use pattern is unlikely to change (5).

After fuel usage there is usually a surplus of bagasse, and this is
being used for the manufacture of pap:, fibre boards, furfural, in animal

feed compositions, and as soil conditioner (Philippines). The physical and
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type of equipment used in expelling juice. Bagasse usually has 50% moisture,
30% fiber, and 20% pith. The pith can continue to be used as a fuel while tﬁ
depithed bagasse can be used for the manufacture of pulp and paper (5).
Products made from bagasse may yot be produced competitively compared with
alternatives, unless protected by tariffs (5). For example bagasse paper is
not highly valued, cost of production is high (9), and it is therefore not
competitive on the world market (2). Hence a very small percentage of

the excess bagasse is used for other than fuel purposes. For example, in
Thailand, where bagasse is not used for paper manufacture, 1.8 million tons
of bagasse are available. It is understood that several paper and pulp
plants will utilize this resource (5). In Malaysia, 1800 x 103 metric tons
of bagasse are available per year, with only 60 x 103 tons being used (26).
With the high production rate for sugir, there are still millions of tons of
unutilized bagasse. The disposition >f this excess bagasse has not been
specified. However, if it were burned, it would cause air pollution, and

if dumped into waterways would cause water pollution (8). Utilization

of bagasse is therefore a significant area for investigation.

The quality of bagasse in terms of digestible carbohydrate (non-
extracted juice) affects its value as an animal feed. Bagasse is used as {
an absorbent for molasses in preparation of pelleted rumrinant feeds, and
the Applied Scientific Research Corporation of Thailand (13) has expressed
interest in bagasse to provide roughage for cattle feed in a mix with urea
and excess molasses. The Philippine Sugar Industry (PHILSUGIN) and the
Agricultural Engineering Department at the University of the Philippines,

Los Banos (27) has been looking for funding for a pilot level study to use

pelleted bagasse as roughage for cattle. Bagasse is one of the best sub-
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strates for cultivation of mushrooms and the fermentation residue can be
used as an animal feed. Along with othcr cellulosic wastes, bagasse can be
used as a source of energy for enzymatic and microbial reactions to produce
SCP and sugars (2). The group in the Philippines mentioned above is also
1nferested in studying production of SCI' from bagasse.

Sugars produced by acid treatment of cellulose can be converted into
alcohol. Bagasse is one of the best cellulosic sources available for the
préduction of pentosans, for which therc is an expanding market. At a
recent UNEP/FAO conference (2) cane growing countries were encouraged to
investigate the feasibility of producticn of pentoses or furfural from
bagasse. Sugar-crop fiber (bagasse) may be converted into synthesis gas,
from which fertilizer ammonia may be made (11).

In Thailand, a successful experiment has been carried out to press
bagasse into boards for use in making dccorative furniture. However
commercial production of this kind of board has not been started (9). The
technology for further processing of bagasse is well developed; though con-
tinued research to produce structura) m:terials is required (2).

The supply of bagasse for other uses or as a residde, is dépendent on
energy costs and the use of bagasse as ¢ fuel. If alternate sources of
energy are available to the sugar mills. large quantities of bagasse would
belavai]ab]e for the manufacture of puly, paper and boards, furfural,
acﬁivated carbons and other products. 1he'prospecfs, however, are not
br{ght. Account should be takén of the cost of bollution abatement. New
developments in decortication (derinding sugar cane) may improve the utility
of bagasse and so afféct its economic volue (2). However, when the two
factors of fuel replacement costs and lcvels of current technology for

bagasse nutritional upgrading are consi:cred, one must conclude that
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VII. Filter Press Mud

Filter press mud (cachassa) is usually dumped in rivers (2), redis-
tributed on the land after cooling as a soil conditioner (8), or used as
animal feed. Mills of 10-100 tons cane per day capacity producing panela
(a*crude sugar crystallized into a cake form) are less efficient in the
clarification step and produce a cachassa much richer in carbohydrates.
This rich cachassa is apparently often used for animal feed,at least in
South America. For example at the Providencia Sugar Mill in Columbia S.A.
(12 T/dy), the cachassa was fed to approximately 900 swine in an adjacent
pért of the factory (4). The cachassa from a larger mill (azucarera)
contains much less sugar and is usually redistributed to the fields as a
fertilizer and soil conditioner as a source of phosphate and potassium.
This is probably the best use for this material at the present time.

Sugar cane wax can be extracted Trom filter cake. This wax is used
in the cosmetic and shoe polish industries. However, production on commercial
scale has not yet been started in Thailand (10, 13). The recovery of wax
from the mud however, may be uneconomical (2). ASCRT (Applied Sci. Res.
Corp. of Thailand) has also grown rhizobium culture on filter mud after
dﬁying, grinding, sieving and’'sterilization (8).

VIII. Cane Tops

The only crop residue, cane tops, is fed to the farm animals as
maintenance diet. The tops are also incorporated in commercial animal feed
compositions which also incorporate up ‘0 20% of press mud. A UNEP/FAQ

qseting concluded that harvesting machinery for sugar should be designed to
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better recover cane tops for animal feed. In parts of Africa (12), cane
tops are burned in fields.

Sugar cane trash is used in the Philippines as a fertilizer and oil
conditioner (12). This residue does not appear to be fully used.
IX. Summary

Bagasse, unused molasses and still bottoms from molasses based
alcohol production are the major sugar based residues which are wasted. Wasted
molasses and stillage are very significant from the standpoint of transferring
and implementing utilization technology and further utilization studies.
Suitable countries for such studies are Ivory Coast, Brazil, Philippines and
Thailand.

Stillage presents a severe environmental problem in Brazil, the
Philippines and elsewhere (2). This problem will get worse, particularly
in Brazil, as more and more alcohol for fuel purposes is produced not only from
sugar, but also from cassava. There are techniques for treating and using the
still bottoms, however the practise of these methods is not widespread. There
is probably some need for the development of new technology but by and large
it is more than a matter of economics and technology transfer.

Fortunately, the more concentrated a waste stream is, the easier it
is to devise economically successful processes to reclaim or utilize its
components. The alcohol industry in Brazil and perhaps the Philippines,
must begin to practice stillage recycle on a scale equal to that used in
India even if some efficiency in hexose conversion to alcohol is lost.
The volume of stillage will be greatly reduced and the stillage which must
be dealt with will be much more concentrated. Pilot scale work in Brazil
or even the Philippines might be warranted to develop the technology to

permit the recycle of stillage and to supply concentrated stillage for re-



search and development projects searching for methods to utilize this waste (4?3531
Molasses is a valuable material which can be used directly for nutri-

tional purposes, production of single cell protein, and production of

chemicals, etc. However, due to lack and high cost of transportation

facilities in many developing countries, molasses is often wasted. A possi-

ble project on molasses fermentation in the Ivory Coast proposed by the

second site visit team (4) is given below.

IX. A. Molasses Fermentation - Ivory Coast

Background
Production of sugarcane in the Ivory Coast is a rapidly growing

industry with a projection of 500,000 metric T/year production in 1990.
Molasses, usually a valuable by-product from cane sugar operations, is
currently dumped on roads for dust control. The future production of
molasses is estimated at between 150,000-200,000 metric tons/year by 1980.
.This country, in making a conscious effort to develop animal feeding opera-
tions, is currently concerned with sources of feed. The production of a
high protein animal feed would certainly be in the best interest of the
Ivory Coast's future plans.

| Molassas is generally 55 to 60% sugar, primarily glucose, fructose
and some sucrose. Current world market price for molasses is around 8.4¢kg
(3.8¢/1bm), or approximately 14-15¢/kg of sugar (6.5¢/1bm). The technology
for the production of yeast from molasses is currently well known as is the
production of alcohol from molasses. Yeast, because it is a source of
vitamins and protein, currently brings a high price on the world market
$1.00/kg (45¢/1bm); however, to compete as an animal feed, yéast could
nrobablv sell for no more than $350/netric fan (16¢/1bm).



. With a projected volume of molasses of 200,000 metric ton/yeav, at
50% fermentables this could yield 50,000 metric ton/year of yeast. At
$350/metric ton, yeast production could be a $17+million/year business in
the Ivory Coast with a substantial impact on the food supply within the

country.

Process and Economics

A standard fodder yeast (Candidi) fermentation should be employed.
The technology is firmly established and easily adaptable.

Major processing costs include carton source, chemicals (primarily
nitrogen), utilities, labor, depreciation, taxes, insurances, etc.

Using a range from one half to full mark;t value for the molasses
the carbohydrate cost is 4.2-8.4¢/1b. and again with price of urea at
$160/ton the following can be calculated:

Price of yeast attributed to substrate at 50% yield 14-28/kg

Price of yeast attributed to nitrogen source at 50% 2-8¢
protein
Total for chemicals and carbon source 16.8-30.8/kg
If sun drying is used from 30% solids to 95% 1.8¢
solids approximate cost @ .4¢/1b. HZO
The product cost range exclusive of utilities, 18.6-32.6¢ or
labor, depreciation, taxes, and insurance is $186-326/M ton

In this case the utilities, labor depreciation and
taxes will be between .3 to .5 times the above
(lower than usual because of the higher substrate
costs), therefore, the product cost range is be-

tween $242-490/M ton
(major difference
is price assigned
to substrate)

The Yow figure is an excellent price for high quality
yeast protein and could compete with feeds of equiva-
lent quality such as fish mcal ($400/M ton). The high

fiame is unlikelv but <till c. uses <ame cancern as to
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the potential for this process. The high quality of the
- yeast product expands the potential market (human food) 333
making it a more attractive invustment.
Our opinion is that there is some risk involved but it is worth
éxploring. The potential impact is substantial and a ready made internal
market is already part of the Ivcry Coast National Plan.
Recommendation: AID funds be provided to conduct an extensive
qarket analysis and explore the possibility of a government subsidized
price of molasses as part of their national plan. Also, it is recommended
fhat a demonstration facility be constructed in conjunction with an exist-

ing sugar mill or cooperative of mills to convert currently wasted molasses

into fodder yeast.
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Appendix A. Kenya (12)

1. Kenya is a large-scale producer of sugar and produces two types:
A. Refined (white) sugar.
B. "Jaggery" or crude sugar. This product is brown and is produced
fkom concentrating the whole juice. The price of refined sugar
is presently 4 shillings/kg ($0.22/1b) and of jaggery 2 shillings/k
($0.11/1b). The price tends to remain in this ratio with jaggery
about half the price of refined sugar.
The largest byproduct is molasses, approximately 50,000 ton/yr.,
most of which is sometimes dumped because the price is only $30/ton compared
to five times than in the U.S. Only one out of the Tive factories produces
ethanol, and only a little of the molisses is used in feed. Shell Chemicals
mixes molasses with other chemicals to produce an animal feed called MUM.
Pfizer has a molasses plant in Nakuru using a U.S. process to remove
moisture from molasses and add vitamins to provide a block for animal feed.
G.D. Penfeld, Manager, Agricultural Developers, believes that in 3-5 years
there will be enough excess molasses to go to single cell protein or alcohol,
since Kenya nlans to doﬁble its output of cane. Even now, molasses is dumped
in the country. Export of the excess is difficult because there are not
enough rail rankcars, the cogts of trinsportation from the source of produc-
tion beyond Nakuru to the coast of Monbasa is high, and the molasses is of
variable quality because of different processing methods.
The beef industry, a market for Pfizer's animal feed, is "going to
pot." This is mostly due to the breakup of large plots, but government
control of feed prices at levels beloy the world market also plays a role.

Therefore feed is not in as short sup,ly as elsewhere.

Another possible animal feed i; sisal bagasse, which is now mainly

burned or dumped. It however is not is palatable to cattle as other feeds.
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Though there is a great deal of sisal bagasse in Kenya, the industry is not
healthy because of competition from synthetics
Molasses could be fermented to alcohol or used to produce high protein
feed by fermenting with suitable organisms. The Kenyans are watching the
Brazilian effort to require 10% ethanyl in gasoline by 1980 with interest.
The stillage from fermentation of molasses to alcohol could be used
to grow tilipia, a tropical carp-like fish. This fish is a very efficient
converter of feed - 1 1b. solid still bottoms plus nutrients can produce

1 1b. of gain in the fish. This is being done in the Philippines.
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1. Of the sugar mill wastes in Zambia, bagasse presently goes to fuel,
molasses to animai feeds (though it was used on roads in the past) and filter
mud to animal feed. Commercial farmers buy directly from the sugar refiners.
National Milling Corporation picks up some sugar byproducts for its feeds.
Besides the conventional ingredients above, National Milling adds 600 ton/yr
molasses to its feed and uses poultry manure in its cattle feed.

2. The Zambia Sugar Company Limited

P.0. Box 489

Lusaka
Present:

J. B. Ranger, Managing Director, Zambia Sugar

Charles N. Sitali, U.S. Embassy

Peter J. Reilly and Stanley Barnett, AIChE/LIFE

Zambia Sugar is partially owned by Tate and Lyle, which supplies
technical backup and has seconded Mr. Ranger. It has a major estate at
Mazabuka, south of Lusaka, which is 30 x 15 km in extent.

It is currently producing 85,000 ton/yr sugar from 1.2 million ton/yr
cane, but expects to increase production to 125,000 ton/yr and enter the
export market. Bananas are also prodiced for the local market. By govern-
ment policy, sugar is sold on the domastic market below cost. Because of
foreign exchange limitations, paper containers for sugar are in short supply,
causing a local sugar shortage.

Bagasse, worth K6-7/ton ($8-9/ton) is now burned for fuel. At the
beginnirs of the season, using cane with 11-12% fibers, bagasse is supplemented
by fuel. At the end of the season there is excess bagasse. A new boiler may

make excess bagasse available, probably for paper and particle board production.



Filter press mud used to be dried and spread on the field. Now it is 339
spread via the irrigation system. It is particularly good on poor soils,
as it is high phosphate. The mud is 1igh in potash also, but so is the soil.
It is not suitable for animal feed because of the residual ash from cane
burning.

Cane tops are burned. Some stalk sheath does not burn and could be used
for anmial feed if it were economical to collect. Animals are not let in the
fields between seasons because of irrigation.

About 3% of the cane winds up as molasses. Molasses is blended to order
for farmers in 2-10% mixtures with urea. Blackstrap molasses is also sold
directly to farmers for K10/ton ($12.50/ton). Artificial prices of farm
products mean that farmers cannot pay much. In addition, molasses is sold on
the world market through Dar es Salaamn at $40/ton.

A distillery will be built to prucess 20,000 tons of molasses to
produce six million liters/vr ethanol. A local market exists for only one
million liters/yr, so the rest can be exported. At that point 10,000 ton/yr

of molasses will be left over.



Appendix C. Philippine Distillery (12)

Berbacs Chemical Company

23 E. de los Santos Ave.

Makati, Metro Manila
Present:

Domingo Molina, Plant Manager, Molasses Distillery

Luz C. Salonga, Department of Chemical Engineering, UP Diliman

Peter J. Reilly and H. H. Schopmyer, AIChE/LIFE

This plant was located in San Pedro, south of Manila. Cane molasses
with a sugar content of about 55 to 58% and a solids content of about 72%
was obtained from neighboring sugar plants. The molasses was diluted to
about 15% solids, acidified with sulfuric acid to pH 4.8, and inoculated with
12,000 liters of pure yeast culture built up in seven steps from agar slants.
The fermentation was carried out in closed steel fermenters equipped with coils
and sprayed with water on the outside. The fermentation temperature was
maintained at 32 C with 20 C water from a deep well, and the fermentation
was finished in about 30 hours.

The alcohol content of the finished fermentation was between 7 and 8% by
weight, and about 0.5 to 0.8% of residual sugars remained. The fermentation
| efficiency was 90-91% and distillation efficiency was 94-95%.

For distilling, there were two 4 ft. beer columns with rectifying co]umhs,
one copper and one stainless steel, mide in the Philippines. The alcohol was
taken off at 192 proof and sold for b:verage spirits. The tax was 1 peso/liter
($0.14/11iter), delightfully low by U.5. standards. The company is also plann-
ing to convert alcohol to polyesters.

A small stream was being taken off which Mr. Molina identified as methyl
alcohol. He was using it pure in a juep as motor fuel, and insisted that
che motor ran very satisfactorily. It is more likely that the material was

actually the heads off the aldehyde column and contained some acetaldehyde.

340



The fermented molasses was run through a centrifuge to remove the 341
yeast, which was filtered again to remove as much water as possible, then
dried on a hot roll to be blended into animal feed. The protein content
of the dried yeast is 75%. The product off the hot roll was black, however,
indicating considerable charring, which might impair the nutritive value
of the protein somewhat.

The waste stillage had an initial BOD of about 35,000 ppm. It cannot
be used directly for irrigation because the odor is too offensive and large
numpers of worms grow in the residue. Therefore, it was treated in a series
of steps as follows:

1. Fermented anaerobically in large open concrete tanks for two days.

2. Pumped to aerobic digestion tanks with aeration and held 1 1/2 days.

3. Chemically precipitated by use of lime and alum and allowed to

settle 8 hours.

4. Subjected to further aerobic digestion and chemical precipitation.

5. Filtrate run to rice paddy for irrigation and sludge sent to landfill.
The filtered liquor is light brown in color and has a BOD of about 300 ppm,
still above the government's 1imit of 50 ppm for discharge into streams. There
are apparently no regulations so far is odor is concerned, for the odor around
the whole distillery area was quite bad, probably due to the anaerobic digestion
step in the waste disposal system.

An interesting side development was Mr. Molina's attempt to grow fish
using untreated stillage as a nutrient. A pond with earthen walls about 30
meters wide, 60 meters long and two meters deep had been filled with water
and a plant identified as kang kong, which grows in long vines that look like
sweet potato on the surface, added. This plant covers about 1/3 of the
surface of fhe pond. In addition, a :arp-liek fish called tiiipia had been
introduced. Small amounts of raw stillage, diluted 10 times, are added at

intervals to keep the pond BOD in the range of 30 to 50 ppm. The fish was



gxpected to grow from fingerling to 10 in. in about six months; after two :34123
months none had died. The kand kong is a high protein material, the leaves
of which are eaten for human food.

The whole setup, including fermentation, distilling, yeast recovery,

and waste disposal, seemed to be handled in very good fashion.



