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POST HARVEST TECHNOLOGY

Post harvest technology
starts with harvesting of
farm produce till it is ready
to consume or sowing.

Production,M tonnes

Grain Production of India
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Post Harvest Technology

» Global food shortage developed in early 1970

» Harvest to consumers table - Post Harvest
System




Post Harvest System

Lossesin Post Harvest System

Unit Operations % Losses » Weight Loss

Harvesting 1-3% Eaten by rodents

Threshing 2-6% breakage

Transportation 2-3% shattering

Drying 1-5% Felling

Handling 2-7% * Food valueloss

Milling 2-10% » Economic Vaue loss

Storage 2-6% * Quality & Acceptability

Tota  12-40% ERSesdiguRtialoss

Advantages:

eIncreases quality of harvested grain

*Reducing crop exposure to weather.

*Reduces harvesting losses

*Reducing head shattering

*Reducing cracked kernels.

*Reduces dependency on weather conditions.

*Allows use of straight combining for small grains.
*Reduces size and/or number of combines and other
harvest-related equipment and labor required due to
extending harvest time.

Allows more time for post-harvest fiel dwork.

Disadvantages:

* Origina investment for drying equipment

* Annual cost of ownership.

» Operating costs for fuel, electricity and labor.

« Extragrain handling required may result in further
investment for equipment.




Properties of Grain
= Structure

» Chemical composition

= Effect of temperatures
»Physical properties
»Thermal properties

= Aerodynamic properties

Wheat Grain

A grain ol wheal cul lengthwise (through crease)
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Chemical Composition Physical properties

 Proteins * Sphericity a—)_The Rice Grain
« Starch [k
° Fat Sphericity = Z
*Vitamins
Porosity Porosity of grains
It is defined as the S.No. |Gran Porosity
percentage volume of 1  Wheat 50-55
inter grain space to the 2 |Paddy 48-50
IZ)Otl{jI‘I( volume of gran 3 Corn 40-45
UlK. 4 Baley 6570




Angle of
Coefficient of friction NGIE OF repose

. Grain AOR
» Grain snape o1 Wheat 23-28
 Surface characteristics «2  Paddy 30-45

) 3 Corn 30-40
* Moisture content .4 Baley 2840

*5 Millets 20-25

Thermal properties Aerodynamic properties
. sg;;gfa.:e%g&gﬁ% e Terminal ve ocity:

oMt — @ Velocity at which it remains
" Thermal Conductivity suspended in a vertical pipe
grain 0.3 to 0.6 kcal/m-hreC . .

bulk 0.10 to 0.15 keal/m+-hreC under the action of air current
K =0.060:+0.002 m keallm-hreC is called terminal velocity.




Terminal velocity of psmﬁm
g ral ns NORMAL TEMPERATURES

S.No. |Gran Vi (miseo)
1 Wheat 9-11.5
2 Paddy 8-9
3 Corn 34.5
4 Barley 8.5-10.3
Advantage of early harvest and mechanical drying Moisture content for storage:
Short term Long term
(less than (more than
° NO Shattering LOSS 6 months) 6 months)
* 2-3 Weeks Early Availability of Field for Next Crop Barley ne 2%
. illi i dibl
Good Milling Quality Edile Beans P 13
e Uniformly Dried Kernels Millet 10 9
Oats 14 12
) R 13 12
No dependency (_)n weather S%Jlfghum 135 13
* Lesslabour requirements Soybeans 13 1
Non-Oil Sunflower 11 10
Oil Sunflower 10 8
Wheat 14 13




Allowable Storage Time (days) For Cereal Grains

Temperature (°F)
M.C.

(%) 30° 40° 50° 60° 70° 80°

14 * * * * 200 140
15 * * * 240 125 70
16 * * 230 120 70 40
17 * 280 130 75 45 20
18 * 200 90 50 30 15
19 * 140 70 35 20 10
20 * 90 50 25 14 7
22 190 60 30 15 8 3
24 130 40 15 10 6 2
26 90 35 12 8 5 2
28 70 30 10 7 4 2
30 60 25 5 5 3 1

* Approximate allowable storage time exceeds 300 days.

Numerical:
Two tones of paddy at moisture
content of 22% will be dried up to
13% moisture content. Calculate
the quantity of died paddy and
moisture carried out.

Solution:
Weight of water at 20%: 2000 * 20/100= 400 kg
Weight of dry matter: 2000 — 400 = 1600 kg
Weight of water at 13%:

1600 * 13/(100-13)= 239 kg
Weight of dried paddy : 1600 + 239= 1839 kg
Weight of moisture carried out:

2000-1839 = 161 kg

DRYING PROCESS

« CONDUCTION
« CONVECTION
« RADIATION




CONDUCTION

* Heat transfer to wet solid transfer
through solid surface (usually metallic)

* Surface temperature may vary widely

» Dusty material can beremoved
effectively

* Toget uniform drying agitation is
essential

COVECTION
 Drying is dependent upon the heat transfer
from the drying agent

» Stream, heated air or any heated gas can be
used for the heating agents

» Drying temperature may varieswidely.
e |f atmospheric humidity is high there is
need of reduction of relative humidity

e Fuel consumption in comparison to
conduction is always high

CONVECTION DRYING PROCESS

Moist Grain

]

Natural Air Drying

Advantage Disadvantage

eLow Initial Investment
*No Fud Cost
*No Fire Hazard

*Slow Drying Rate
*Weather Dependent
*More Drying Space

*Not Useful for Humid Area




Supplemental Heat Drying

Heated Air Drying (>70°)

Advant Disadvant
(5° to 10°more to natural) vartage _lscvarage
Independent of *High Initial
Advantage Disadvantage Weather | nvestment

eLower cost of Maintenance | Fire Hazard . .

° [ ]
*Independent to weather *Rate of Drying Still Slow F?St Dl’yl I.ﬂlg Fuel Expens.lve
+Less supervision *More Drying Space *High Drying sDanger of Fire
*Bin Capacity used Efficiently |+For Short Term storage only Capaci ty «Skilled Man Power

*Danger of accelerated Mould «Used for Iong term
storage
RADIATION
INFRARED DRYING
a. SunDrying
Advant Disadvant
atage chertge DIELECTRIC DRYING

*No Fuel *Weather Dependent
*Simple Operation *Not possible through year
*Viability Preserved *Shattering Loss
*Microbia activity Reduced |eLosses by rodents and Birds
«Labour Orientation *Require Large Floor Area BHEM“H“. nnvlna

*No Pollution

*Reduced Milling Quality




DRYERS

a. Batch Dryers

b. Continuous Dryers

A

Perforated Plate form

Y

2z
T
L
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Economics of Mechanical drying of raw paddy

* Civil works = 60000
* Silos(2) = 120000
* Mechanical dryers (2) = 150000
 Elevator & Conveyors = 140000
» Storage = 80000
 Shed over dryers = 60000
* Electrica = 40000
» Auxiliary Works = 40000
* Pre-operation expenses = 10000

TOTAL 700000
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Assumptions:

Drying Capacity 90 ton per day Cost of dl’yl ng
Working days per year 100 days « Depreciation = 50000
Life of adryer 13 years * Interest @ 10% = 75000
* Electrical charges( 40hp) = 48000
Sdvage value 50000 * Fuel charges = 180000
* Maintenance @ 5% = 35000
 Labour = 60000
* Supervision overhead = 25000
Total 473000
SELECTION OF DRIER
Cost per Day = 40 1. Physiochemical properties of crop
Cost per Tonne = 4730/90 2. Drying characteristics of crops
= Rs53 » Type of moisture

* Initial, final, equilibrium moisture
» Permissible drying temperature
 Drying time allowable
3. Flow of crop tothedrier
* Quantity per hour
 Continuous or batch operation
» Process during and subsequent to drying
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4. Product qualities
Colour
Flavours
Shrinkage
Contamination
Uniformity
Decomposition
Over drying
Product temperature
Bulk density
cracking

5. Dust recovery problems
6. Fecilitiesavailable at site

Drier performance

» Thermal efficiency

 Heat Utilization factor

* Coefficient of performance
« Effective heat efficiency

Thermal efficiency

Thermal efficiency =
Latent heat to evaporate the water

Heat value of fuel

Heat Utilization factor

Heat utilisation factor

Heat utilised T,-T,
T,-Ambient air temperature
T,-Heated air temperature
T,- Exhaust air temperature
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Coefficient of performance

Coefficient of performance
TZ'TO
T-To
T,-Ambient air temperature
T,-drying air temperature
T,- Exhaust air temperature

Effective heat efficiency

Effective heat efficiency
_T-T,
Tl'TW
Tw = wet bulb temp of drying air
T1=drying air temperature
T2= Exhaust air temperature

PARBOILING

Parboiling is a hydrothermal
treatment followed by drying
before milling for production of
milled parboiled grain

» Endosperm contain polygonal starch
granules

»|Intergranular spaceisfilled with air
» There are fishers and cracksin grain
» Causes breaking during milling

» Geletinisation of starch

» Disintegration of protein

» Expands and fills the space

» Grain become translucent

» Grain become hard
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Soaking

Process of water absorption is
known as soaking, steeping and
imbibation

Steaming

» Passing steam to soaked grain

» Good Milling Quality

* 90% unbroken grains after milling
* Reduce insect attack

* Lesslossin cooking

» Containsmore Vitamin-B

* Parboiled rice is non-sticky and
non-glutinous

* Bran contain higher oil %
* Branis estabilised

Disadvantage

 Darker colour

» Undesirable smell

» Take more time to cook
» Mycotoxin may develop
* Destroys antioxidants
 Additional investments

15



GRAIN MILLING
Grains are protected with husk bran layer
* Rough Fibrous pigmented & Waxy substance
* Undesirable to edible purposes

*  Contains germs undesirable for storage
Removal of These outer parts

Size Reduction and Separation

Definition of Grain Milling

Milling refers to the size reduction and separation operation
used for processing of food grainsin to edible form by
removing and separating the inedible and undesirable
portion from them. Milling of grainsinvolves following
operations:

Cleaning/ Separation

husking

Sorting

Whitening

Polishing

Grinding

Shifting

Cleaning/ Separation

Removal of :
Weed seeds
Other Crop seeds
|mmature seeds
Inert Materials
Off size Grains
Broken grains

Classification of separation Method:
Size
Density
Roughness
Drag in moving air
Electrical conductivity

Other physical properties

16



Separation Methods
According to aerodynamic properties
According to specific gravity
According to magnetic properties
According to electrostatic properties
According to Colour

According to surface properties

Husking

» Compression and Shear
» Abrasion and Friction

» Impact and Friction

Concave Type Husker

Rotating Cylinder
Stationery cylindrical
concave

Diameter of concave
50to0 60 cm

Length of concave 19
to30cm

Angle of contact 40°to
70°

Peripheral Speed 10 to
15m/ sec

Concave

Rubber Roll husker

» Grainis passed between
two rubber rolls

Rotating opposite direction

with different speed
A » Adjustable clearance
 Speed of faster wheel 15to
17.5 m/sec
 Speed of slower whedl 12.5
to 15 m/sec

* Diameter of whedls
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Under Runner Disc Husker

e Centrifugal Action
¢ Abrasivesurface < 1/6

! e Peripheral speed 14 to

— 20 m/sec
E * Adjustable Clearance

CYLINDRICAL STEEL SHELL

(HOLLANDER)
Abrasi

ve Roll

Batch Husker
Suitablefor barley & Oats

Screen Rotates opposite to
abrasiverall

Screen speed< Roll speed

Grinding
In grinding hard bodies are grounded to
afree flowing material consisting of
particles of sufficiently uniform size.
This material is either final product or a
product ready for further processing

D

Roller Mill

Grainis passed between
two rubber rolls

Rotating opposite direction
with different speed
Adjustable clearance

Speed of faster whed 15to
17.5 m/sec

Speed of slower whedl 12.5
to 15 m/sec

Diameter of wheels 40 to
60 cm
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Burr Mill

e Centrifugal Action

¢ Abrasive surface
Peripheral speed 14 to

Y z 20 m/sec

=

<': « Adjustable Clearance

Hammer Mill

 Peripheral speed 14 to
20 m/sec

* Adjustable Clearance

Attrition Mill

e |Impact and Friction

Flatting Mill

» Grainis passed between
two rubber rolls

Rotating opposite direction
with different speed

» Adjustable clearance

 Speed of faster wheel 15to
17.5 m/sec

 Speed of slower whedl 12.5
to 15 m/sec

* Diameter of whedls
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Hydrothermal Treatment

¢ Hydro thermal treatment of grains refers to the addition
of Moisture and heat to the grain for improving the
quality and quantity of their end products or to facilitate
different milling operations for the desired products.

¢ Hydrothermal treatment is commonly called
conditioning and considered as a pre-milling treatment.

Purpose of Hydrothermal Treatment

 Improvement in Shelling efficiency
* Improvement in Nutritional quality
 Improvement in Milling efficiency
* Facilitate degermination

* For easy dehusking and splitting

* Removal of Toxins

Properties
* Strength Moisture Content
e Hardness  Heating Temperature
* Hysteresis Heating Time
* Proteins
* Enzymes

RICE MILLING

* Traditional
Mortar and pestle
Dhenki
Hand stone
Single Huller
Huller Mill
Sheller cum Huller Mill

20



SINGLEHULLER

* Single huller consists of an
iron ribbed cylinder mounted
on arotating shaft.

» Bottom half of cylinder have
screen and is replacesble.

e Cylinder Speed is 600 to 900
rpm.

e Capacity is2.5ton/ hr

» Raw paddy 56% milling
result

« Parboiled rice gives 64%.

SHELLER CUM HULLER MILL

e Centrifugal Action
¢ Abrasive surface< 1/6

e Peripheral speed 14 to
e 20misec
T ¢ Adjustable Clearance
 Attached with huller

for whitening

ADVANTAGES:

Small investment

Bran can be use for oil purposes
Local Manufacturing

Whitening is not under control
DISADVANTAGES:

Head yield is medium

Scratches on rice- storage affected
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MODERN RICE MILLING

Paddy Flow

|

Dust Paddy Clean%:> Inert

Husk addy Husker, Husk

N

Rice Whitening M achine .
Grinding Type RiceBran

Rice Whitening M achine Rice Bran
Friction Type

he Broken Small Brokey

mall Broken Rice Grader

LargeBrg

H ice

Whitening or Polishing

Types of Whitening Machine

* Vertical abrasive whitening cone
* Horizontal abrasive whitening roll

* Horizontal metallic friction typeroll

22



Vertical abrasive whitening cone

Economics of Rice Milling
(6" Husker & 24" Polisher)

Civil works = 40000
Rice Mill with Engine (1) = 150000
Storage = 30000
Electrica = 10000
Auxiliary Works = 20000
Pre-operation expenses = 10000

TOTAL 260000

Assumptions:

Milling Capacity
Working days per year
Life of aMill

Salvage value

8 ton per day
150 days

15 years
25000

Cost of Rice Milling

» Depreciation = 20000
* Interest @ 10% = 15000
« Electrical charges = 48000
 Fuel charges = 200000
* Maintenance @ 5% = 25000
* Labour = 60000
» Supervision overhead = 25000

Tota 393000
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Cost per Year = 393000

Cost per Tonne = 393000/(8* 150)
= 393000/1200
= Rs325

WHEAT MILLING
» Wheat is principal food grain
» Generdly atta is made by stone grinders
* Separation of bran and germs in not common
 Objective of milling to get maximum white

flour: Bran = 12%
Germ = 3%
Endosperm = 85%

Effect of hydro thermal treatment:
Bran and germ becomes rubber like

Endosperm becomes soft

STEPS IN WHEAT MILLING

-Receiving Drying and Storage of Wheat
Cleaning

«Conditioning

*Milling in to Flour and byproducts
*Packaging and storage of finished product
*Blending

CLEANING

Sieving: To remove small sticks, stone and sand
Aspiration: To remove light material like chaff
Magnetic Separator: To remove ferromagnetic material

Scouring : To remove dirt stick on the surface of grains|
by rubbing against emery coated surface

Aspiration : To remove dirt and loose outer coating

Washing : To sink the dirt and bit of metal and heavy
substance

Also helpsin increase of moisture content by 19
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Conditioning
Conditioning can be done at :
*  Room Temperature
o Slightly elevated temperature
e High Temperature

+ But Temperature should not be more
than 47°C

Deteriorates the baking quality

Milling Moisture Content:

Hard Wheat 17 to 19%
Soft Wheat 15t017%
STEPS:

Heating Steaming
Moistening

Cooling —» Room Temperature

Tempering- 24 to 72 hours

PULSE MILLING

* Removal of outer husk
* Splitting the grain in two egua halves
— Husk is moretight in pulses than in cereals
so husking is problem in some of the pulses

— In traditional methods conditioning is
insufficient.

— More abrasive force needs to apply

= Resulting high breakage

— Milling efficiency in traditional- 65 to 70%
— Milling efficiency in modern- 82 to 85%

DRY PULSE MILLING

Pulse Flow

!

D |l Glesng = et
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‘Pretreatment with oil ‘

4

|Dehusking and splitting |» Husk, Broker

& Powder
1

Broken * Gradell pulse

Polishing

Grade!’Pulse

WET PULSE MILLING

Pulse Flow

‘Conditioning ‘

2

|Dehusking and splitting |» Husk, Broken

& Powder
i

Broken * Gradell pulse

Polishing

Grade#Pulse

Pitting
Whole pulse grains passes through the
emery roller machine.

Husk is cracked and scratched

To facilitate oil penetration process for
loosening husk

Clearance between roller and cage
gradually narrows from inlet to outlet
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Pretreatment of Qil

Pitted pul ses pass through screw conveyors
and edible oil is added and mixed.

Generally Linseed oil ismixed 1.5t0 2.5
kg/tonne.

Keep the pulsesfor 12 hoursfor diffusion
of ail intoit.

CONDITIONING

- Alternatively wetting and drying

eAfter sun drying add 3-5% moisture and temper
for 8 hours

*Repeat the process three times

«For this drop water from a over head tank and
pass the pulse through a screw conveyor

eFinally pulses are dried at 10 to12 % moisture
content

DEHUSKING AND SPLITING

The conditioned pulses are dehusked in emery
roller ( Gota Machine)

50% pulses dehusk and split in one pass.
Separation of splited and unsplited pulses

Again condition the unhusked and unsplited
pulses

Again pass through Gota Machine
Repest the process thrice

27



Soaking:

3to 12 hoursin water

Red Earth Mixing:

5% red earth mixed in soaked pul ses.
Mixture kept in heap over night
Mixtureis dried for three to four days
Use of mixing red earth is still a?

But it gives better result in milling and drying

Pulses are treated with small quantity of oil and/

or water.

Polishing

OIL MILLING

* Extraction of oil from oilseed is
called oil milling it aso include
processing of oil for edible
PUrpOoSES.

Vegetable Oil Demand

Vegetable Oil Producti

For India

- 8.75Million Tonnes

on - 5.15 million Tonnes
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32-40%

Sun Flower
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Ground Nut

40-45%

Castor Seed
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Sun Flower cracker

Coconut Copra 62-68%

Coconut Copra Cutter

Palm Cernel - ail 38- 45%
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Rap Seed 38-45%

Lin Seed 40-50%
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Sesame 50-56%

38-45%

Mustard
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Cotton Seed 18-22 %

Soya Bean 18-22%

Neutralizer
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NAME OF EQUIPMENT CAPACITY NETWT VOLUME CU. MT.

OIL EXPELLER 125 Kg / hour 500 Kg 1.60 Cu. mt.
COOKING KETTLE 125 Kg / hour 150 Kg 0.70 Cu. mt.
FILTER PRESS -16" X 16" - 12 PLATES 200 Lit. / hour 450 Kg 0.80 Cu. mt.
BABY BOILER 50 Kg steam / hour 260 Kg 1.00 Cu. mt.
GROUNDNUT DECORTICATOR 300 Kg / hour 200 Kg 2.80 Cu. mt.
SUNFLOWER CRACKER / PALMNUT 300 Kg / hour 65Kg 0.30 Cu. mt.
CRACKER

COPRACUTTER 300 Kg / hour 200 Kg 0.60 Cu. mt.
NEUTRALISER 300/1000 Ltr / 180/ 450 1.0/3.0 Cu. mt.

batch Kg

Silent Featuresof Machinery:

Mill is suitable for crushing all types of oilseeds whether edible or non edible.

Functions of Machinery:

Filtration of oil is better than bigger oil mills giving transparent pure natural & "at a stretch
convincing" appearance to the oil.

Decorticator has special provision for shelling groundnut for seed purpose without breakage.

1. | Groundnut 'Decorticator' shells the groundnut into husks and kernels. Husks are
thrown away by built in air blower and kernels are screened to separate split
kernels from whole kernels. Runs on 2 H.P. Motor. 100 kg. groundnut gives about
73 kg kernels & 27 kg husks.

Yield of oil is as high as big mills because of highly scientific worm sequence inside the
chamber cage.

2. | Sunflower cracker breaks the sunflower seeds and gives the mixture of kernels &
husks for crushing. Runs on 2 H.P. Motor.

are igi Diesel ion in engine is only 1.25 litre per hour.

Technology is so simple that person can be trained only in 3 days to operate the mill.

3. | Palm nut cracker breaks the palm nuts & gives the palm kernels & husks. Runs on
2 H.P. Motor.

Video cassette is provided with every export mill to explain operation, maintenance, names of
i i ing etc.

4. | Copra cutter breaks the copra cups into small pieces suitable for crushing into
expeller. Runs on 5 H.P. Motor.
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Cooking kettle heats and cooks the kernels or oilseeds by outer steam or by electricity. A little
steam / water is also added to the oilseeds to increase moisture content to optimum level. Kettle
is mounted on the expeller and is driven from expeller.

Expeller crushes oilseeds producing oil and oil cake.

Filter press filters the oil. Filtered oil is completely pure and fresh natural edible oil.

Boiler provides process steam to the cooking kettle. Husks are used as fuel in the boiler. Any
agricultural waste or wood can be used. Water feed pump is mounted on the boiler itself.
BOILER IS NOT REQUIRED IF ELECTRICAL KETTLE IS USED.

Neutralizer removes free fatty acids from cottonseed oil by adding caustic soda. It is driven by 1
H.P. Motor. Castor oil also can be heated into neutralizer by steam coils inside the neutralizer.

Oil Extraction of 100 kg of seed

PALM KERNAL 36 kg
SOYABEAN 14 kg
SESAME 50 kg
PALM FRUIT 20 kg
RAPESEED 37kg
GROUNDNUT KERNEL 42 kg
MUSTARD 35 kg
CASTOR SEED 36 kg
LIN SEED 42kg
SUNFLOWER 32kg
COTTON SEED 13 kg
COPRA 62 kg

Thanks
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