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Feed formulation is a technique to be 
learnt and refined by experience. To date 
numerous descriptions have appeared 

2. Specifications of the feed to be for­
mulated in terms of protein, lipid, fi­
bre, soluble carbohydrates (NFE or 
nitrogen free extract) vitamins and 
minerals etc., and 

on the topic in nutrition textbooks. The 
exercise, even when taught over and over 
again, is difficult to cornprehend espe­
cially by the beginners. The purpose of 3. 
this contribution is to describe and share 
some of this author's experiences in 
teaching and also learning feed formu­
lation, mainly for aquatic animal re­
search. Previous descriptions on the 
subject can be had from New (1987) and 
Houser and Akiyama (1997) of which, 
New (1987) describes the subject keep­

Safe levels and suitability of the lev­
els of incorporation of certain materi­
als for the animals to be fed (Table 
4). 

The primary step in formulating a feed 
is to organise this information in a man­
ner in which it is convenient to the per­
son to undertake the formulation . 
Readymade Tables of the aforemen­
tioned information are available. These 
Tables may be too huge to be referred to 
frequently (e.g., Appendices IV, Part A 
and Part B in New 1987). Hence it is 
advisable to construct a Table to suit 

ing a lay man in view. The emphasis here 
is to describe the technique in the sim­
plest way for the benefit of beginners in 
the subject of aquatic animal nutrition. 

Let us start by organising the data or 
information required for the exercise. 
The checklist can be as follows: 

1. List of feed ingredients available for 
the formulation and their proximate 
chemical composition and cost. 

one's own convenience as follows. The 
Table 1, showri below, includes a list of 
feed ingredients commonly used in and 
around Kochi in Kerala State and their 
retail cost. Contents of Tables 2 and 3 
presented are also relevant in the Indian 

context. While these mayor may not be 
representative, they are nevertheless 
useful in the absence of analytical data. 

The best source of this information 
would be one's own analysis of the ma­
terial, if he / she has access to analyti­
cal facility. If not, samples can be got 
analysed from approved laboratories in 
the government sector or private sector. 
Government laboratories providing this 
service are (1) Nutrition laboratory of PNP 
Division at CMFRI, Kochi (Write to The 
Director, Central Marine Fisheries Re­
search Institute, P.O.Box 1603, 
Tatapuram (P.O.), Ernakulam, Kochi -
682014, Kerala), (2) Animal feed quality 
control iaboratory (AFQCL), Tamil Nadu 
University of Veterinary and Animal Sci­
ences, Namakkal, Tamilnadu (Write to: 
Dr. D. Chandrasekaran, Prof. and Head, 
AFQCL, Veterinary College and Re­
search Institute, Namakkal, Tamilnadu). 

With the extensive use of computers 
these days, it is desirable that this infor­
mation is fed into a computer in a 

Table 1, List of feed ingredients commonly used in and around eoch!n and their retail cost 

Ingredient DM' Cpt EI? CP NFl? Ash AlA' Cost (Rs./Kg.) 

Fish meal 95.16 68.50 8.49 0.61 17.56 2.71 25.00 

Shrimp Waste meal 92.51 67.45 3.29 5.27 16.50 4.39 20.00 

Clam meal 94.37 59.79 13.01 15.10 6.47 1.94 20.00 

GNOC 94.55 43.75 8.13 5.49 30.10 7.08 2.36 9.20 

Tapioca flour 87.18 2.82 0.29 1.79 80.26 2.02 0.10 7.00 

'Dry matter, ' Crude Protein, ' Ether ing any further. The heads under which 4. CF - Crude fibre-indicates the cellu-

Extract, 'Crude Fibre, ' Nitrogen-Free the nutrient composition is quantified can lose content or the generally indi-

Extractives and 'Acid Insoluble Ash in be further described as: gestible carbohydrate content. 

%. 1. DM - Dry matter-indicates the total nu- 5. NFE - Nitrogen free extract or the to-

'Costs indicated are for dried un- trient content excluding water. 
tal soluble/digestible carbohydrate, 
contained in this fraction. 

salted anchovies and Acetes sp. respec- 2. CP - Crude protein-indicates the to-
6. Ash - indicates the total content of 

tively. It may go up to Rs.70 and RS.120 tal protein content inclusive of non- mineral salts. 
depending upon availability. protein nitrogenous substances also. 

7. AlA - Acid insoluble ash-indicates 
A fair understanding of the Table con- 3. EE - Ether extract or crude fat-indi- the indigestible impurities/adulter-

taining the compositional information is cates the total fat content, which may ants in feed material which are 
a definete prerequisite before proceed- include other fat soluble substances. mainly sand and silica. 
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Table 2. Proximate composition of selected feed ingredients of plant origin In India 

Ingredient DAI("") CP(%) EE(%) CF("") NFE(%) Ash(%) 

Rice polish 87.4 14.5 17.3 7.5 n.a. n.a. 

Rice polish 90 12.2 16.0 9.0 46.8 6.0 

Rice polish 91.6 11.4 15.3 11.0 41 .0 12.9 

Rice, broken 90 12.0 4.2 5.3 65.4 3.1 

Rice bran 89.9 12.6 11.3 19.3 36.5 10.2 

Rice bran 922 7.8 6.1 14.4 43.4 20.5 

RIce bran 91.6 2.9 5.0 18.0 38.4 27.3 

Rice bran 91 .3 9.4 4.7 13.5 32.3 31.4 

Defalled rice bran 92.8 12.1 ,1.3 15.2 40.4 23.8 

Wheatbran 87.7 15.8 4.3 8.7 n.a. n.a. 

Wheat bran 90 13.5 2.6 12.2 58.7 3.0 

Wheat bran 87 8.2 6.6 33.5 34.5 4.2 

Wheat bran 90.7 12.6 7.5 11.9 54.5 4.2 

Wheat, broken 91 11 .5 1.9 4.0 73.4 0.2 

Wheat flour 87.4 14.5 3.7 2.7 64.2 2.3 

Groundnut cake 92.2 28.6 13.8 7.5 28.9 13.4 

Groundnui cake 94 37.7 11 .5 13.2 24.3 7.3 

Groundnut cake 90 42.0 7.3 13.0 25.2 2.5 

Groundnut cake 91 .7 46.6 7.7 6.5 23.2 7.7 

Groundnut cake 92.9 35.8 8.5 8.2 29.9 10.5 

Groundnut extr. 93 48.0 2.0 11.2 29.1 2.7 

Sunflower extr. 92 31 .0 2.1 18.4 39.0 1.5 

Sunflower extr. 89.8 30.1 2.9 24.7 25.6 6.5 

Palm kernel cake 91 .1 12.2 4.9 25.6 45.8 2.6 

Soyabean meal 88.2 46.3 1.3 5.0 n.a n.a 

Soyabean meal 97 58.6 1.4 0.4 31.3 5.3 

Soyabean meal 90 46.0 0.9 7.3 35.2 0.6 

Soy asauce waste 88 13.5 8.2 5~ 55.2 5.3 

Rapeseed cake 89 35.9 0.9 13.2 32.1 6.9 

Salseed cake 91 .4 8.2 2.9 1.7 68.4 10.2 

Sesame cake 91.7 41.9 9.2 6.2 19.6 14.8 

sesame cake 90 29.0 12.9 18.3 19.8 10.0 

Sesame cake 90 42.7 6.9 5.7 21 .8 12.9 

Mustard cake 91 .5 30.8 9.3 6.2 34.9 10.3 

Mustard cake 90.8 23.6 9.6 6.3 40.9 10.4 

Cotton seed cake 93 37.0 6.7 13.0 35.3 1.0 

Cotton seed cake 91.8 42.7 1.0 12.6 27.3 8.2 

Glngelly cake 91 34.0 7.8 7.9 38.2 3.1 

Glngelly extr. 93 40.0 2.0 9.7 38.4 2.9 

Niger extr. 93 35.0 2.0 19.0 33.5 3.5 
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copra cake 88 22.0 6.5 12.2 42.1 5.2 

Copra cake 91.6 20.3 11.4 16.2 37.5 6.2 

Copra cake n.a. 22.0 6.0 12.0 n.a. 2.1 

Tobacco seed extr. 92.3 30.6 0.3 47.7 13.7 

Maize meal 66.5 9.5 4.0 4.0 67.5 1.5 

Maize 69.6 4.6 7.8 3.5 72.7 1.0 

Sorghum 90 9.0 2.8 3.0 75.1 0.1 

Spirulina 91.3 SO.5 1.0 2.1 26.7 11.0 

Tapioca flour 88.5 3.1 2.3 2.0 78.8 2.3 

Tapioca flour 92 1.8 1.3 1.8 66.9 0.2 

Coffee pulp 87.7 14.0 1.2 20.8 43.5 8.2 

Colocasia meal 94.2 24.6 4.5 8.2 47.0 9.9 

Eichomia meal 96.7 19.5 2.3 18.3 47.3 9.3 

Pistia meal 95.1 19.5 1.3 11.7 37.0 25.6 

Leucaena meal 88.2 33.1 4.7 9.0 34.2 7.2 

Mulberry leaf, dry 91.1 27.7 2.4 11.5 41.4 8.1 

Salvinia meal 97.4 16.2 1.1 18.5 39.6 22.0 

Table 3. Proximate compostion of selected feed Ingredlenl$ of animal origin in India 

Ingredient DM(%) CP{%) EE(%) CF{%) NFE(%) Aah(%) 

Fish meal 91.4 64.4 7.5 0.3 - 19.2 

Fish meal 90.5 53.6 5.4 3.1 7.5 20.9 

Fish meal 90.8 56.1 2.5 17.8 11.9 2.5 

Fish meal 85.4 37.2 2.7 22.7 16.1 6.7 

Fish meal 89.4 14.4 8.7 30.0 19.8 16.5 

Fish meal 86 47.8 10.3 2.6 7.0 18.3 

Fish meal 90 72.0 10.0 0.5 n.a. n.a. , 
Fish meal 91 SO.O 7.0 1.0 29.0 4.0 

Fish meal 90 45.0 8.0 1.2 29.8 6.0 

Shrimp waste 90 28.0 2.7 12.5 n.a. n.a. 

Shrimp waste 91 22.5 3.6 35.3 11.0 18.6 

Shrimp waste 96.4 34.2 6.7 12.2 15.4 27.9 

Shrimp waste 84.4 28.3 1.1 7.1 16.3 31.6 

~quilla meal 85.9 46.0 2.6 13.5 5.8 18.0 

Squid meal 92 75.0 6.5 4.0 n.a. n.a. 

Clammeal 93 52.0 11.6 5.5 n.a. n.a. 

Clammeal 91.9 SO.7 8.9 3.9 22.0 6.4 

Silkwonn pupae .92.9 43.9 25.7 4.2 3.3 15.8 
Defatted silkwonn pupae 91.9 68.0 2.6 1.3 12.8 7.2 

BIo9d meal 90 65.3 0.5 n.a. n.a. n.a. 
Blood meal 87.1 76.6 1.1 1.0 4.6 3.8 

Meat meal 92 SO.O 4.4 6.8 25.8 5.0 

Meat meal 90 71.2 13.3 0.7 n.a. n.a. 

Liver meal 93 65.0 3.4 1.2 21.0 2.4 

Earthwonn meal 95 51.7 3.4 12.8 14.6 12.5 
Source: Modified from Nandeesha (1993) 



FISHING CHIMES 
Table 4. Proximate compososition of the feed ingredients with approximate cost (Rs/Kg) 

Ingrad1enfs Cost (Rs./Kg. 

Fish meal 25.00 

Shrimp waste meal 20.00 

Clam meal 20.00 

GNOC 9.20 
Tapioca fir 7.00 

Oil SO.OO 

Cholesterol 100.00 

Lecithin 100.00 

Vitamin mix. 75.00 

Mineral mix. 30.00 
. 

Microsoft Excel spread sheet available in 
the MS Office: It would them be helpful in 
avoiding repetitive calculations which 
may be required iI a simple calculator is 
used. 

Now, let us get ahead with the com­
putation per se. Pearson square method 
used for blending two ingredients or prod­
ucts to attain a specific nutrient concen­
tration until the advent of computers is 
not explained here. This is because of 
the basic drawback of this method to 
blend only two ingredients at a time. 
When more than two ingredients need 

011 CP EE CF NFE Ash AlA 

95.16 68.SO 8.49 0.00 0.6·1 17.56 2.71 

92.51 67.45 3.29 0.00 5.27 16.SO 4.39 

94.37 59.79 13.01 0.00 15.10 6.47 1.94 

94.55 43.75 8.13 5.49 30.10 7.08 2.36 

87.18 2.82 0.29 1.79 80.26 2.02 0.10 

view is available in Church and Nipper 
(1984). 

The method intended to be described 
here in detail is commonly known as the 
hit and trial method which is not only con­
venient but also clears the concept of 
blending of feed ingredients/products in 
definite proportions and the resultant 
changes it brings about in the blend too. 

After organising the data bank to be 
used for the formulation, the next step is 
to define the requirement or composition 
of the feed to be made. 

carbohydrates (NFE) 20-40%, ash ~ 
15%, AlA ~ 3% containing gross energy 
(GE) of > 400 kcaVl00g and digestible 
energy (DE) of <300 kilocaloriestl00kg. 
GE and DE are explained later. Let us 
also fix that our feed mix should not cost 
more than Rs. 25/- per kg. 

In the spread sheet, where the infor­
mation regarding composition and cost, 
iI fed into another portion of the spread 
sheet involving the required number of 
rows and columns, can be used for com­
putation as shown in Table 4 above. 

to be blended multiple Pearson squares Taking marine shrimp as an example, The trial to blend the ingredients 
have to be used or grouping of ingredi- let us assume the requirement in terms available can be started by assigning the 
ents based on criteria like 'protein rich' of nutrients for animals grown in culture number of parts of a particular ingredi­
and 'energy rich' has to be adopted. ponds at a stocking density of less than ent or it can be expressed as percent­
Simple ways of doing it is described by 5 animals per sq.m as: protein ~35'10, fat age of inclusion. Knowledge of the safe 
Ali (1967), New (1987) and a detailed ra- not more than 7%, fibre < 3%, soluble levels of incorporation of a particular in-

Cost of Inclusion of Ingredients at Trial Proportions: Blend A 

" of Inclusion Cost CP EE CF NFE Ash AlA 
Inclusion outof1 [Rs.IKgJ 

Fish meal 20.00 0.200 5,000 13.70 1.70 0.00 0.12 3.51 0.54 

Shrimp meal 20.00 0.200 4,000 13.49 0.66 0.00 1.05 3.30 0.68 

Clam meal 20.00 0.200 4.000 11.96 2.60 0.00 3.02 1.29 0.39 ' 

GNOC 20.00 0.200 1.840 8.75 1.63 1.10 6.02 1.42 0.47 

Tapioca flr. 9.00 0.090 0.630 0.25 0.03 0.16 7.22 0.18 0.Q1 

Oil 5.00 O.OSO 2.500 5.00 

Cholesterol O.SO 0.005 0.500 

Lecithin 0.50 0.005 0.500 

Vitamin mix. 3.00 0.030 2.2SO 

Mineral mix. 2.00 0.020 0.600 

Total 100.00 1.000 21,820 48.15 11 .61 1.26 17.44 9.70 2.29 

Cost of nutrients 

GE kcaVl00g 264.83 105.65 71.SO 441 .99 

DE kcaVl00g 200.59 41.76 33.05 275.41 ,.. 
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Cost of Inclusion of Ingredients at Trial Proportions: Blend B 

%of Inclusion Cost CP EE CF NFE Ash AlA 
Inclusion out off f1WKlI1 

Fish meal 1~00 0.150 3,750 10.28 1.27 0.00 0.09 2.133 0.41 

Shrimp meal 15.00 0.150 3,000 10.12 0.49 0.00 0.79 2.48 0.66 

Clam meal 15,00 0.150 3,000 8.97 1.95 0.00 .. 2.27 0.97 0.29 

GNOC 2Ij.OO 0.2(lO 1,840 8.75 1.63 1.10 6.02 1.42 0;47 

Tapioca flr. '24.00 0.240 l,08(L 0.66 0.07 0.43 19.28 0.48 0.02 

Oil 5.00 0.050 2,500 5.00 

ChoIeste!OI 0.50 0.005 500 

lecithin 0.50 0.005 500 
; 

Vitamin mix. 3.00 8.030 2.250 

Mineral mix. 2.00 0.020 600 
, 

Total 100.00 1.000 19,620 38.79 10.41 1.53 28.43 .. 7.98 1'.85 
Coat/nutrients 

GE kcaVl00g 213.33 94.77 116.56 424.66 

DE kcaV10Qg 160.61 83.31 53.99 297.90 , 

Cost of Inclusion of Ingredients at Trial Proportions: Blend C 

%of Inclusion Cost CP EE 
Inclusion out off [Rs.JKg1 

Fish meal 10.00 0.100 2,500 6.85 0.85 

Shrimp meal 10.00 0.100 2,000 6.75 0.33 

Clam meal 10.00 0.100 2,000 5.98 1.30 

GNOC 30.00 0.300 2,760 13.13 2.44 

Tapioca flr. 29.00 0.290 2,030 0.82 0.08 

Oil 5.00 0.050 2,500 

Cholesterol 0 •. 50 0.005 500 

lecithin 0.50 0.005 500 

Vrtamln mix. 3.00 0.030 2,250 

Minerai mix. 2.00 0.020 600 
Total 100.00 1.000 17,640 33.52 10.00 
cost/nutrients 

GE kcaVl00g 184.34 91.02 

DE kcaVl00g 136.17 80.02 

Cholesterol 100.000 

gredient, cost , gelling properties, 3 parts per 100 = 0.03 and 2 parts per 
pelletability, bulk density etc., aids in as- 100 = 0.02 and 0.5 parts per 100 = 0.005. 
Signing the number of parts of a particu· Out of the remaining 15 parts, 3 parts of 
lar ingredient. The start can be with as- mineral mixture and 2 parts of vitamin 
signing 20 parts of fish meal, 20 parts of mixture may be assigned. Since the di­
shrimp meal, 20 parts of clam meal, 20 etary essentiality of cholesterol and pho5-
parts of GNOC and 5 parts of oil which pholipids especially lecithin is proven in 
totals to 85 parts per 100. These values marine shrimps they may be provided at 
are entered in the Excel spread sheet by levels of 0.5% each making the total mix 
takingl00%as1.Hence,partperl00is 91 parts per 100. The remaining nine 
entered as a decimal value. Thus,20 parts can be either filled up with inert filler, 
part per 100= 0.2, 5 parts per 100 = 0.05, filler with binder or an energy source like 

CF NFE ~ AlA 

0.00 0.06 1.76 0.27 

0.00 0.53 1.85 0.44 

0.00 1.51 0.85 0.19 

1.65 9.03 2.12 0.71 

3.63 23.28 0.59 0.03 

5.28 34.40 8.76 1.64 

141.05 416.42 

61.87 278.06 

tapioca flour. 

Given hereunder is the way to exam­
ine the nutrient profile (in %) of the mix 
by finding out the contribution of 20% 
fishmeal to the formulated feed as fol­
lows: 

Similarly gross energy (GEl is the 
quality of the feed, which indicates the 
amount of heat, and this means energy, 
liberated when the material is bumt com­
pletely and digestible energy (DE) is that 

, ; :.., 



portion of the energy available to the ani­
mal to which it is fed. Technically it is the' 
GE energy lost as faeces energy. Stan­
dard values are in use for converting pro­
tein . fat and carbohydrate content. The 
values recommended by aquaculture 
coordination and development 
programme (ADCP. 1983) are used here 
which are as follows: 

In the Excel spread sheet the formu­
lae may be entered in the cell right be­
low CP as = A 1'0.2. where A 1 is the cell 
number which contains the % CP of 
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values. That is. total GE form protein in 
the first formulation will be 48.15 x 5.5 + 
11.61 x9.1 +71 .50x4.5=441.99. Simi­
lar calculations with appropriate energy 
values for fat and carbohydrate (NFE) 
given above, gives us the total GE and 
DE values of the blend. Care should be 
taken to enter multiplication formulae 
which begin with an = sign followed by 
the cell to be multiplied followed by the 
and then the energy value. 

The last step is to total the individual 
nutrient components in the bottom row 

Crude protein (CP) available from 20% fish meal (FM) = CP in FM x 20/100 
~ 68.5 x 20/100 
= 13.70 

Ether extract (EE) or crude fat available from FM = EE in FM x 20/100 
= 8.49 x 20/100 
= 1.70 

Crude fiber (CF) available from FM =0 
Nitrogen free extract (NFE) or soluble carbohydrates 
available from FM = NFE in FM x 20/100 

= 0.61 x 20/100 

Ash (total minerals) available from FM 
= 0.12 
= Ash in FM x 20/100 
= 17.56 x 20/100 
= 3.51 

Acid insoluble ash (AlA) or inert material contributed 
byFM = AlA in FM x 20/100 

= 2.71 x 20/100 

fishmeal. If one is working with a calcu­
lator and a work sheet these values have 
to be calculated as shown above and en­
tered in the respective cells. However, 
in an Excel worksheet this formula , if 
copied using the + sign appearing on the 
right hand bottom corner of the cell from 
which we intend to copy the formula, 
these calculations can be completed in 
no time. Similarly, for all ingredients the 
respective formulae may be copied and 
the work sheet may be filled. 

The total GE and DE content of the 
blend is calculated by multiplying the to­
tal CP, EE and NFE contents with these 

= 0.54 

for which the fonmula is = sum (cell No.: 
cell No.) where the first cell number is 
the cell from which the totalling should 
start and the second cell number is the 
cell from which the totalling should end. 
Thus , one would get the final composi­
tion and cost of the feed mix, which may 
or may not comply with the requirements 
as had been defined. 

After completion of this, one has to 
have at hand a base form, to work upon, 
through the innumerable permutations 
and combinations to achieve the required 
nutrient specifications and cost. If a cal­
culator and work sheet are the tools avail-

Nutrfent Gross energy (GE) kcaVg Digestible energy (DE) kcaU. 

Protein 5.5 Animal protein 4.25 

Vegetable protein 3.8 

Fat 9.1 8.0 

Carbohydrate 4.1 Animal carbohydrate 3.0 

Vegetable carbohydrate 2.0 

able several worksheets have to be used 
to manipulate the computations. In the 
Excel worksheet, once a formulation is 
made, just by altering i.e., increasing or 
decreasing the partl100 figures all the 
corresponding figures change automati­
cally. If several blends have to be made 
by modifying the inclusion rates, Tables 
containing nutritional and cost informa­
tion of the first blend can be retained as 
ilis and a copy of the same can be used 
right below as shown in Table 4. To copy 
the information in an Excel spread sheet 
containing formulae 'paste link' button 
has to be clicked after selecting the area 
to be copied from the drop-down 'edit 
menu'. Simple copy and paste menu if 
used, a copy of the data will show erro­
neous calculated values because desti­
nation cells change while copying. 

In conclusion. a brief description of 
using Excel, which is used in feed for­
mulation here, is presented here for be­
ginners. Once Excel is open, we can see 
a grid of rows and columns. A number 
labels each row, and a letter of the al­
phabet labels each column. The limit 
within a worksheet is 256 columns and 
16,384 rows. It may be noted that there 
are tabs at the bottom of the screen to 
indicate the sheet tabs (Sheet 1, Sheet 
2 and so on); the programme will open 
with 16 worksheets available within the 
overall workbook. 

The programme opens with the high­
light on cell A 1 (Column A, Row 1) in the 
upper right-hand corner of the sheet. As 
a means of learning these, some basic 
functions of the programme are to be 
used. 

Number 10 need be entered into cell 
A 1 and the number 20 into cell 81. The 
cursor is be moved back to cell A 1, the 
shift key may be held down, and the ar­
row keys are to be used to move the cur­
sor over to cell 81. 80th the cells will now 
be highlighted. From the drop-down edit 
menu, 'Copy' has to be clicked on. Ar­
row keys or the mouse has to be moved 
to cell A2. The Edit menu is to be clicked 

. th 'P t"tb I'kdTh again, en as e IS 0 e C IC e e 
contents of cells A1 and 81 have now 
been copied to cells A2 and 82. 

An alternative method of copying is 
to use the mouse and a built-in copying 
feature of Excel. First. the Delete key is 
to be used to clear the contents of cells 
A2 and 82. Then cells A1 and 81 are to 
be highlighted as was done earlier. Now, 

1 



the black square may be noted in the 
lower right-hand corner of the highHght 
area. When the mouse cursor is placed 
directly over this back square, it will 
change to a thick white cross to narrow 
back cross. Then the mouse button has 
to be held down and the contents of cells 
A 1 and B1 will be copied to cells A2 and 
B2. Another convenient feature of a 
spreadsheet is that it allows the user to 
input formulae into cells. Formulae can 
use data in various cells to perform cal­
culations, and formulae can be easily 
copied to other cells using copying meth­
ods described above. To illustrate this 
point, the contents of cells A 1 and B2 
may be added, making sure these cells 
still contain 10 and 20, respectively. Ar­
row keys may be used or the mouse may 
be used to move to cell C1. In Excel, 
formulae always start with ';A 1 + B1' into 
cell C1. Once this formula is applied 
and, over the cursor (or the Enter key 
may be hit), Excel will calculate the for­
mula . If desired, the formula can be cop­
ied down the column as described in the 
previous example on copying. 

In addition to copying formulae down 
a column, they can be copied across a 
row. It may however be noted that, when 
formula are copied across a row the cell 
references change. To illustrate this, the 
formulae in cell C1 to cell D1 may be 
copied. Now the cell pointer and the for-
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mula bar are to be looked at, which are 
located just above the column headings. 
The formula in cell D1 shown on the for­
mula bar is ';B1 + C1 '; hence, the cell 
reference has shifted one column to the 
right. In situations where it is desired that 
a formula refers to a specific cell or a 
range of cells, the formula can be written 
with the '$' modifier, which points to a 
speclfic cell, row, or column depending 
on how it is used. For example, if it is 
wanted to use the value in cell A 1 as the 
divisor for a series of numbers in column 
B, what is to be done is to input the equa­
tion into cell C1 as ';B1/$A $1'. Then 
when this equation is copied down col­
umn C, every value in column B would 
be divided by the value in cell A 1. With 
this brief introduction, and with the use 
of Help menu in the programme or with 
the assistance of someone well versed 
in Excel spread sheet operations a con­
struction of a diet formulation spread 
sheet should be easy. 

Linear programming software is 
inbuilt in Excel and can be accessed 
though Solver in the Tools menu. This is 
very popular among professional animal 
nutritionists. WlrVW. incomemax. com is a 
site where feed-mixing can be done 
online, of course for a fee. 

Disclaimer: Neither this author nor 
CMFRI either endorses or implies criti-

cism of the products/services mentioned 
in this article. 

Suggested further reading: Ali, SA 
(1987) Feed formulation methods. In 
CMFRI Special Publication NO.8. Manual 
of Research methods for Fish and Shell­
fish Nutrition pp. 95-98. 

Church, D.C. and Nipper, W.A. (1984) 
Ration formulation. Pages 195-227 In 
D.C. Church editor, liverstock feeds and 
feeding , 2 edition O.B. Brooks Inc., 
Conrnvalis, Oregon, USA. 

Houser, R.H. and Akiyama , D.M. 
(1997) Feed formulation principles. In 
Crustacean Nutrition, Advances in World 
Aquaculture, Vol.6 Eds. D' Abramo , 
L.R.,Conklin, D.E. and Akiyama, D.M. 
World Aquaculture Society, pp.493-519. 

NANDEESHA, M.C. 1993. 
Aquafeeds and feeding strategies in In­
dia, p. 213-254. In M.B. New, A.G.J. 
Tacon and I. Csavas (eds.) Farm-made 
aquafeeds. Proceedings of the FAO/ 
AADCP Regional Expert Consulation on 
Farm-Made Aquafeeds, 14-18 December 
1992, Bangkok, Thailand. FAO-RAPN 
AADCP, Bangkok, Thailand, 434 p. 

New, M.B. (1987) Feed and feeding 
of fish and Shrimp - Manual on the prepa­
ration and presentation of compounded 
feeds for shrimp and fish in aquaculture. 
FAO/ADCP/87/26. ~~~ 

Kerala's efforts at controlling Hyacinth Menace 
Faced with a rapid proliferation of 

water hyacinth, threatening to choke its 
backwaters, it is learnt that Kerala gov­
ernment is exploring diverse uses for the 
menacing weed. These include using it 
as raw material for furniture and as a re­
newable source of energy. 

The inexorable spread of the weed 
in almost all lakes, backwaters and riv­
ers is causing concern, as it is seriously 
inteliering with fishing , besides clogging 
irrigation channels and drains. 

A Congress MLA, Mr. K.C. 
Venugopal, pointed out that Thailand had 
developed a technology to make furni­
ture and other accessories from the weed 
after drying it. Responding to the con­
cern voiced by members in the State 
Assembly recently, the Chief Minister, Mr. 
A.K. Antony, said that the State Science 
and Technology Council is being directed 

to study the possibility of making furni­
ture and other valuable items from water 
hyacinth. 

In another project mooted by the 
Kerala Bureau of Industrial Promotion (K­
BIP), a demonstration plant is proposed 
to be set up to produce cellulose from 
water hyacinth, based on a technology 
recently developed by Nagpur-based 
National Environmental Engineering Re­
search Institute. 

According to sources in K-BIP as at­
tributed, assistance had been sought 
from the United Nations Industrial Devel­
opment Organisation to set up the dem­
onstration plant. 

"Water hyacinth, a microphyte, is rich 
in cellulose content. The use of fermen­
tation technology for the production of 
value-added chemicals from lignocellu­
loses holds great promise. If found suc-

cessful, this can be replicated in various 
locations in Kerala, which will help envi­
ronmentalists in their two-decade battle 
to eradicate this menace; it was pointed 
out in the Assembly. 

The proposed pilot project will dem­
onstrate the substitution of conventional 
expensive substrates with water hycinth. 

The key to ligno-cellulose utilisation 
lies in the development of processes to 
convert the solar energy trapped therein 
to more readily available forms of energy 
such as fuels or chemical feedstocks, 
which can replace the expensive petro­
leum-derived chemicals. It is estimated 
that raw material of water hyacinth will 
Qe available for a period of five to seven 
years for the purpose. The project, esti­
mated to cost Rs. 13 crore, will take about 
two years to be implemented, it is stated. 

~~~ 
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