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Physical properties of the feed ingredient :

Particle size range (screen analysis — and conseguent possible
requirement for further grinding prior to usage — for most aquatic species,
the smaller the particle size and narrower the particle size range the
better),

Bulk density (important when transporting large volumes and when
formulating nutrient dense feeds),

Physical appearance and texture (homogenous free flowing products
being preferred, with no visible lumps or cakes),

Color (in general, darker ingredients usually being indicative of animal
protein sources),

Smell (fresh, not musty, and not sour or burned — the more fishy the
smell the better).
Physical characteristics and consequent handling/processing
requirements of a product are more often than not as important as the
nutritional characteristics of the product itself. Moreover, simple
microscopic examination will quickly indicate the purity of an ingredient
and the presence or not of unwanted foreign materials. For standard
methods of measuring the bulk density of feed ingredients and
microscopic characteristics of different plant and animal feed ingredient
sources



Bulk density can vary significantly for the same ingredient due
to differences in particle size, moisture content, or compaction.
When a feed ration requires blending ingredients that differ
widely in bulk density, the feed processor should ensure that
the particle size of the feed ingredients is similar, use a binding
agent (fat or molasses), and load the mixer using an ingredient
sequence that optimizes the blending action of the mixer.

For example, high-density ingredients should be added early
to vertical mixers and late in the batching sequence for
horizontal mixers.

Ingredient purity refers to the absence of contaminants. The
source of these contaminants may be physical (e.g., glass),
chemical (e.qg., seed treatment), and microbial (e.g.,
mycotoxin). The use of hand sieves to inspect for physical
contaminants enables rapid evaluation of material.



The proximate analysis:

a system for routine
description of animal feedstuffs
developed in 1865 by
Henneberg and Stohmann of
the Weende Experiment
Station in Germany
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Proximate analysis

Weende proximate analysis flow diagram

Ingredient fraction Analytical method Component measured

l INGREDIENT I

* Dry at 105 °C * Moisture

h 4

DRY MATTER |- Incinerate at 450-600 °C =———» Ash

» Kjeldahl nitrogen analysis =——» Crude protein

» Lipid solvent extraction =———» Crude lipid

l LIPID EXTRACTED DRY MATTER |

» Acid/alkali extraction = Crude fibre + Ash

| NITROGEN-FREE EXTRACTIVES I » Digestible carbohydrates

Association of Official Analytical Chemists (AOAC)




Crude protein 2l ;5 sl -1
Kjeldahl method |
Total nitrogen content

Converting to a total crude protein
Factor 6.25

Average protein contains about 16 percent
nitrogen by weight ( 12- 19)

1) 15-20 percent error
2) Does not differentiate between protein and

non-protein nitrogen (NPN) sources, including
nucleic acids, amines ( chitin), uric acid, urea,



Kjeldahl method |
|1- Digestion \

Organic N + H,SO, wmp (NH,)SO,+ H,O +CO,
2- Distillation |

(NH,)2SO, + 2NaOH wmp 2NH, + Na,SO, + 2H,0

|3- Titration \

NH3 +H§BO§ ‘ NH, H Bog_+HzO (color change occurs )
(Red color) (Green color complex )

NH, H,BO,; + HCI =) NH,CI+ H,BO,
(Green color complex ) (Red color)




Mean nitrogen conversion factors recommended for different

protein sources
Protein sources
factor

Milk and other products

Egg (whole) ) :
Corn more direct analysis of
Fish true amino acid protein
Gelatin nitrogen
Chicken be developed, and that
\?Vog:aetan crude protein be
Beef dispensed with as an
Barley analytical tool.
legumes

Rice

Sunflower

Conversion

5.85
5.68
5.62
5.58
5.95
5.53

5.50
5.49
5.48
5.45
5.40

5.34
5.29

Average default factor — mixed proteins,

5.60




Crude lipid s&d) (a4l -2

solvent extraction o
Soxhlet Method
ether s

chloroform: methanol 2:1

Extraction Tube
hexane: methanol 4:1 \ ot
. Cobisa Thimbie
Sample arvd
Sodum sulphate
This process assumes ALL substances soluble in e
ether are fats This assumption is NOT TRUE. Flck
| Plant pigments, wax which are also soluble in
ether, but do NOT have the same nutritional Orgaric Sctven
values of fats However, this error is generally el e

small. ® O



Crude fiber &l LY -3

[

carbohydrates

I

Crude flber

extractlon of a defatted

sample with 1.25% H,SO,
and 1.25% NaOH.

% NFE = % DM - (% EE + % CP + % ash + % CF)

% NFE =100 - (% EE + % CP + % ash + % CF)
Moisture  4igh, -4

Ash Ay -5




Grain Moisture Meter
1- Near Infrared (NIR)
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Unsatisfactory principle of the Proximate Analysis.
Major problem:

1. acid and base solubilize some of the true fiber
(particularly hemicellulose, pectin and lignin).
2. Cellulose too is partially lost. Hence, crude fiber

underestimates true fiber.
Most laboratories have phased out the CF term and

replaced it with the Van Soest "Detergent
Fiber" determination.

NFE

This i1s the ONLY component in the Proximate Analysis which is
not determined ANALYTICALLY but is calculated by difference.
Therefore, NFE accumulates all of the errors that exist in other
proximate analysis components (CF is the biggest error)



* Proximate analysis iIs only a crude
estimate of the major classes of
nutrients, should be only used as a
general guide to the potential
nutritional merits of a feed ingredient.

|t follows therefore that the next step
IS to conduct chemical analyses for
specific dietary nutrients.



non-protein compounds M3J4 J& J\JA -1

Amino acids Asisal yalaal -2

Fatty acids, phospholipids and sterols @Aé Q'ALQA\ -3
sugars b S =4

Vitamins Slinlil -5
Anti-nutritional factors 422l dalaa Jal gc -6
Energy adlk .7

L 4

Minerals (ks -8



Checklist for proximate composition analysis

o Moisture % of wet weight
o Protein % of dry matter (DM)
o Toftal fat % of DV
o Crude fibre % of DM
o Total ash % of DV
- soluble ash
- Insoluble ash
o Other carbohydrates (nitrogen-free extractives) % of DM




In recent years the proximate analysis procedure has been replaced by other
analytical procedures. Alternative procedures for fibre have been developed (Van
Soest):

) Neutral Detergent Fibre (NDF), eNDF, peNDF
) Hemicellulose

o Acid Detergent Fibre (ADF)

) Lignin (ADL)

) Cellulose



Also the carbohydrate methodology has been revised:

o Non-structural carbohydrates (NSC). sugars, starches, fructans, galactans,
pectins, f-glucans, etc.

o Non-starch polysaccharides (NSP): NSC minus starch and sugars
Protein can also be specified:

o NPN (non-protein nitrogen) % of DM

o Amino acids % of DM and % of total amino acids
- Essential and semi-essential amino acids: arginine, histidine,
Isoleucine, leucine, lysine, methionine, phenylalanine, threonine,
tryptophan, valine, and others according to the species of monogastric
animals
- Non-essential amino acids: alanine, asparagine, aspartic acid,
cysteine, cystine, glutamic acid, glutamine, glycine, proline, serine,
tyrosine



o Mineral composition and trace-elements
- Minerals (g/kg): Ca, Cl, K, Mg, Na, P, S
- Trace-elements (mg/kg): Co, Cu, Fe, |, Mn, Mo, Se, Zn

o \Vitamins

- Fat soluble vitamins: Vitamin A (retinol) (ug/100g), Vitamin Ds
(cholecalciferol) (ug/100g), Vitamin D2 (ergocalciferol) (ug/100g),
Vitamin E (o-tocopherol) (mg/100g), Vitamin K (phylloquinone)
(mg/kg), p-carotene (mg/kg)

- Water soluble vitamins: Vitamin B, (thiamine) (mg/kg), Vitamin B,
(riboflavin) (ma/kg), Vitamin Bg (pyridoxine) (mg/kg), Niacin (mg/kg),
Pantothenic acid (mg/kg), Folic acid (mg/kg), Biotin (mg/kg), Vitamin
B, (cobalamin) (mg/kg), Vitamin C (ascorbic acid) (mg/kg)



Classify coarse aggregate according to their moisture conditions

Moisture Conditions

State

: Saturated, Damp
Ovendry Airdry  surface dry or wet

O @0

None Less than Equal to Greater
potential tentlal than
absorpnon sorption  absorption

Total moisture

38



Physical characterization

Dust weight/ba
% Dust = e 9(9) x 100Y

Feed weight/bag (g)

Yercentage of feed dust in the bags



‘ 100 — immerse pellets
| % Floatab. = x 100°

100
] Whole pellets
% Integrity = oo x 100"

ellet floatability (30 min)
Physical integrity in the water (30 min)



Water Wet weight (g)

absorption= — : X 100%
rate Initial dry weight (g)
: Final dry weight
Leaching _ , ry weight (g) L
loss Initial dry weight (g)

Vater absorption rate (10 min)

.eaching loss (10 min)
leans analyzed by ANOVA (p<0.05) and Tukey’s test



Physical characterization

Feed Particle class weight (g)
particle = 2

size class Sample weight (g)

eed ingredients particle sizes
850 pm; 500 to 850 pm; < 500 pm



Physical characterization

[ Feed1 Feed? Feed3 Feed4
Netweightinthebag (kg)' 2411 2449 2472 2489
Dust in the bag (%) 2 1.47 0.96 0.86 1.16
Floatability 30 min (%) 2 96 100 99 99
Physical integrity 30 min (%) 99 100 99 99

Water absorption rate - 10 min (%)* 3402 270P 38932 3442

Leaching loss - 10 min (%) 1.632 1.272  2.95° 1.832

*Same letters on a row indicate no significant difference (P >0.05)
TINMETRO 2 ANFAL (National Association of Animal Feed Manufacturers)



Loss

< 500 pm
500 to 850 pm
> 850 pm




Chemical characterization

Chemical composition - AOAC (19895)
+ Moisture
+ Crude protein
< Fat
+ Crude fiber
% Ash
+ Calcium and phosphorus

Results were compared with the information
presented on the feed bag label (guarantee)



Chemical characterization

Feed 1 Feed 2 Feed 3 Feed 4

Parameter Label Anal. Label Anal. Label Anal. Label Anal.

Moisture (max) 13.00 7.50 12.00 /7.72 13.00 3.92 13.00 8.19
C. Protein (min) 27.00 22.98 28.00 27.42 28.00 28.91 28.00 29.64

Fat (min) 3.00 619 3.50 455 350 4.74 3.00 413
C.Fiber (max) 450 464 650 464 700 476 10.00 6.64
Ash (max) 10.00 8.52 11.00 11.47 9.00 8.40 14.00 5.41

Calcium (max) 2.00 235 3.00 3.00 250 1.67 3.00 0.42
Phosp. (min) 1.00 137 160 163 080 115 0.60 0.81

n i 4 S i, ™R R s Ty . A= = & __ = o m = __ o a s . dT



Biological evaluation

m 240 tambaqui, C. macropomum, juveniles of
20 g were distributed in twelve 300 L PVC
tanks supplied with water and aeration

= Fish were fed the four diets to apparent
satiation, twice a day, during 60 days




Biological evaluation

Parameters

- Weight gain Daily wt. gain Feed consum.

(@) (g/d) () R

1 203 %25 0.34:0.04 123562703 3511 1.5%x01

2 209%1.1 0.35%0.02 11483163 2701 1.6x0.0

3 18.0 1.1 0.30 £ 0.02 117502272 33%202 1.4%*01

4 191%2.0 0.32£0.03 1160.0x61.5 3402 1.5%01




7 FeedKind  osisod) gl ol ghi
?M‘ ?

E "4: .an « @ .,S‘ E
’ ——_'

l}(YGEN
? sait wil a }4—? ,
'’ STEP3 &Jﬂ‘
 STEP1 -

STEP 2 o




SEPARATION w

STEP1 I)ﬁb
s a0 o 0 g :
el whom Doy e onued
Y (052 el e

et e s f fowdnd e

|
l; DISTRIBUTION
STEP 3

Fovdng cken 5 rd ¢

paciaged e oy
oo

v

STEP 2
Foodd e s e
10 o o 1 kL 0o,
Wt oy dd ooty bed
Ok 19 e e




180 -
160 -
140 -
120 -
100 - p ikl

80 - A PR
60 - B A aag

40 -

20 -
0 .]I —.I _I I.- .l

2015 2016 2017 2018 2019




Acid insoluble Ash
|

® The total ash is boiled for 5 min in 25 mL
dilute HCI. The insoluble matter is collected
on ash less filter paper and washed with hot
distilled water. The filter paper is then dried
and ignited in tarred silica crucible until free
from carbon. The crucible is allowed to cool
In desiccator till a constant weight and
weighed. The percentage of acid insoluble
ash with reference to air dried sample is
calculated




a) Kjeldhal Method
b) Enhanced Dumas Method

c) UV Spectroscpic Method
d) Lowry Method



A. Peptide bond e

» In proteins aa’s are H3c-c(l'::3
joined covalently by R,
peptide bonds, I.e., T =
amide linkages b/w a- H,0
carboxyl of one aa and Q?fﬂ;‘;&?@ | [223"5";2%
a-amino group of ool
another. e.g., e

0
Valylalanlne- / Valylalanine
{Peptide bond

Figure 2.2-A. Formation of a peptide bond, showing
the structure of the dipeptide valylalanine.




Separation of Amino Acid Mixtures




