
ARIL 
EXTRACTOR 

2008-09 


'111]' ~ 

I C AR 

'6;:£1~ coel~-\34~ia ~;:vftPl~R~1 
CENTRAL INSTITUTE OF POST HARVEST ENGINEERING &TECHNOLOGY 

~ M1dl~c6l ~ 

LUDHIANA 




(PREFACE ) 


The Institute made good progress in research and extension activities during the period 2008-2009. 
L:search and extension activities were accelerated through in-house and externally funded projects. The 
K:seal'ch projects covered the areas of value addition of food grains, oilseeds, spices, fruits and vegetables, 
ilDrage of fruits and vegetables, environment control of cattle and poultry, development of tools and 
equipments for pomegranate and other crops, non destructive techniques of quality determination, micro 
mcapsulation ofmicro-organisms and diversified value added products from meat. 

The research outputs were protein enriched ready-to-eat extruded snacks, beetroot powder incorporated 
.jefuned soy-flour fortified biscuits, roasting and popping unit for makhana, CIPHET-pomegranate aril 
=ctor, blade tenderizer for meat, ready to constitute mustard saag, system for micro encapsulation of 
probiotics and foam mat drying ofkinnowjuice. Standardization ofpackaging systems for guava, sapota, royal 
Jelicious apples, baby corn, broccoli and capsicum shreds was done. Effect ofby-products such as pomegranate 
:md powder, kinnow rind powder and pomegranate seed powder was studied on storage ofgoat meat. 

Physico-chemical and microbiological quality of the fresh and stored mango samples of cultivars, 
3.unganapalli, Dasheri and Langra were evaluated for development of non-destructive system for quality 
...,-aluation. Performance evaluation ofhand tool for easy separation ofarils from pomegranate and CIPHET­
;:.._-..negranate aril extractor was conducted on prominent cultivars of the fruit. Fungal cultures Trichoderma 
"!esei andAspergillus nigerwere isolated and screened for cellulose production and their filter paper activity 
T3:5 measured. Work on environmental control for poultry and cattle was initiated in collaboration with Guru 
_-l.=lgad Dev Veterinary and Animal Sciences University, Ludhiana. 

Patent on process for de-hulling guar seeds for refined guar split production, process for preparing ready 
r reconstitute mustard (Brassica juncea) Saag, CIPHET-pomegranate aril extractor, method for developing 
;:>._'fOus bricks, novel process ofvermi- drain (a liquid plant growth tonic), low cost firmness tester for fruits 
JOd wgetables, new process for milling ofcoarse cereals and millets to get refined powder, were filed during 
:::c year 2008-09. Nineteen ED P's were conducted and more than 250 farmers I entrepreneurs were trained on 
··rious aspects ofpost harvest technology. CIPHET Banana comb cutter was licensed to M/s National Agro 
:::.iustries Ludhiana. Consultancy on refining ofsoybean oil and extraction ofsoybean lecithin was provided 
>:- \ls Khyati Foods Pvt. Ltd., Bhopal. A good number of research papers were published. The scientists of 
:::c mstitute participated in various conferences, meetings and workshops. 

The AICRP on post harvest technology and application ofplastics in agriculture have developed many 
;:xful technologies. 

We thankfully acknowledge constant encouragement of Dr. Mangala Rai, Secretary DARE and DG 
:C.-\R) and Sh. A.K. Upadhyay, Special Secretary DARE and Secretary !CAR for the cause ofpost harvest 

=agement and value addition. I acknowledge with thanks the support and co-operation extended by Dr M. 
\!. Pandey, DOG (Engg.), Dr Nawab Ali, ex-DOG ( Engg.), Dr Pitam Chandra, ADG (PE) and Dr S. K. 
-:-Jndon, ADG (Engg.), ICAR New Delhi. The help rendered by Ors S. K. Nanda, PC (PHT), P.R. Bhatnagar, 
?C 1.-\PA), K. K. Singh, R. K. Gupta, S. N. Jha, R. K. Goyal,D. Dhingra, Sh Tej Ram, Sh VijayKumar, ShJ S 
?1ul. all scientific, administrative, technical and supporting staff at CIPHET in institute activities and 
::oreparation ofthis report is highly appreciated. 

~ 

Director, CIPHET 



(EXECUTIVE SUMMARY) 


The Institute made good progress in research 
'-"ld extension activities during the reported period 
: :· 2008-2009. Research and extension activities 
•ere accelerated through in house and externally 
c"nded projects. The research projects covered the 
""eas of value addition of food grains, oilseeds, 
':'ices. fruits and vegetables, storage of fruits and 
. egetables, environment control of cattle and 
: :•ultry houses, development of tools and 
=~·Jipments for pomegranate and other crops, non­
:,,;structive techniques for quality determination 
::: ·. ersified value added products from meat, and 
::..:cm-encapsulation of micro-organisms. Seven 
: :.:ent applications were filed. Transfer of 
:.=-~ 'mologies was done through licensing of 
·e-c'.rnologies, publications, presentations and 
::-:;.:ning ofentrepreneurs and farmers. 

Protein enriched ready-to-eat extrudates from 
'-=.ected de-hulled legumes (black gram, green 
;:::-,,,."11, lentil and peas) blended with rice, maize, 
•:::eat. sorghum and finger millets were made using 
< ·' cost collet extruder. Acceptable low cost 
,,_--:anded snacks were obtained by blending of 
e-;":nes up to 15 %. 

Beetroot powder incorporated defatted soy 
-- : J fortified biscuits were prepared. Beetroot 
:-:-.- der was used up to I 0 % and the level of 
:.o':.:red soy flour was kept 5 % in all the recipes. 
=-::.<:cal. chemical and sensory attributes of the 
,.;::::>Jes were analyzed. Overall acceptability of 
-:_-.:·Jits prepared with various levels of beetroot 
:•: "' der and ascorbic acid was observed to be better. 

.-\ roasting and popping unit for processing 
"'.C.•:ccma has been developed. The popping and de­
::--:: cation efficiency was observed to be 25 and 65 

· :-e--pectively and the modification to improve the 
:-:='c:ency arc in progress. Ready to serve makhana 
•.·~ ,-, mix was developed and its storage and 
,,...-_-.~ry attributes were studied. 

~:-111t growth of rainy season and winter season 
;--'--. :. was evaluated. Winter season guava was 
~. ed to have higher acidity, soluble solids and 
··i:--::n C content as compared to rainy season 

;....:. . :. External fruit color was observed to be a 
' .:.~ :e harvest index. Effect of shrink and seal 

packaging on shelf life and biochemical 
composition of guava and mango was studied. 
Shrink wrapped individual guava fruits were 
observed to be better in quality after storage for 9 
days. Seal packing of individual mangoes was 
observed to be effective in comparison to shrink 
wrapping and cling wrapping during short term 
storage under ambient and low temperature 
conditions. 

Shelflife ofsapota fruit was evaluated by shrink 
wrapping, cling wrapping and seal packing in 
different plastic films. Shrink wrapping resulted in 
maximum shelflife under different conditions. 

The performance of the hand tool for easy 
separation of arils from pomegranate was evaluated 
on five prominent cultivars of the fruit. The aril 
separation efficiency was observed to be in the 
range of30-45 %. The rest ofthe arils became loose 
and could be easily removed by finger tips. 

CTPHET- Pomegranate Ari! Extractor has been 
developed for extraction of arils from fruits of any 
size, shape and variety of pomegranates. The 
capacity ofthe machine was observed to be 500 kg/h 
with an extraction efficiency of90-94 %. 

Raisins like pills were prepared from the pulp of 
'Perlette' grapes. After juice extraction, the 
remaining mass was converted into fine pulp. The 
pulp was concentrated and additives were added to 
produce raisin like product. 

Studies on packaging ofRoyal Delicious apples 
for enhancing their quality and shelf- life were 
conducted. Shrink wrapping and zip-lock envelop 
packaged apples were observed to be better in terms 
of weight loss, firmness and color in comparison to 
unpacked fruits (control). 

Physico-chemical characteristics of soybean 
milk whey were analyzed. The whey was used to 
prepare ready-to-serve (RTS) beverages from 
guava, mango and pineapple. Soybean milk whey 
could be used up to 30 % by weight in the beverages 
to impart the benefit of soy phyto-chemicals to the 
drink. 

Ready to constitute mustard 'Saag' was 
developed. The moisture content of the dried 
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(RESEARCH ACHIEVEMENTS) 


A. FOOD GRAINS & OIL SEEDS PROCESSING 


:.., .. <lopment of formulated foods through 
·::cusion technique 

::J:fferent combinations of least cost composite 
~·"lends were prepared with linear programming 

.-. -_-_:~ue in accordance to RDA. The least cost 
- : :nation of composite flour consisting of bajra, 

-~ c.nd dehulled soybean was extruded in co­
- ~· ~g twin screw extruder (Fig.I). Response 
.c--.'.~e methodology was used to evaluate the effect 

_:.'.ependent variables, viz., feed rate (6.5, 9.5, 
'.'.:id 13.5 kg/h) and screw speed (200, 250, 300 

_: c :<1) rpm) on product responses viz. physical 
- :-c-:1es (expansion index, sectional expansion 

_. <pecific length and density), colour properties 
- ..:::ec colour values L, a, b and L'.E), functional 

- :·c-:1es (water absorption index and water 
. _: ::r:· index), textural properties (hardness, 
- _:.:.ce and breaking strength) and rheological 
- :-c-::es (peak viscosity, breakdown viscosity, 
_.._ -'··' \iscosity and final viscosity). Best fit 

- ·~i1al equations were obtained to describe the 
:•feach variable on product responses. 

,.. SCREW EXTRUDER 
'I 
' ' 

..-..­

Development of technology for health foods from 
legumes and millets using food extrusion system 

Different protein enriched ready-to-eat 
extrudates from selected dehulled legumes (black 
gram, green gram, lentil and peas) blended with rice, 
maize, wheat, sorghum and finger millet were made 
using low cost collet extruder, keeping constant feed 
rate (25 kg/h) and feed moisture ( 14 % wb) at 
different legumes incorporation levels (0, 5, 10 and 
15 %). The extrudates were subjected to physical, 
textural, colour, rheological, functional, nutritional 
and sensory evaluations. Expansion index, sectional 
expansion index, bulk density, true density of 
extrudates was found to be in the range of4.00-3.17, 
16.00-10.03,0.79x 10'to0.622x 10',and l.39x 10' 
to 1.052 x 1O'. Expansion index and sectional 
expansion index showed a decreasing trend with 
bulk density and true density for every increase of 
legumes incorporation level. Textural properties 
viz., hardness, puncture force, breaking force and 
breaking strength were found to be in the range of 
22.22-65.71 g, 5.95-27.46 g, 15.87-25.32 g and 
0.079 to 0.181 g/mm'. Hunter colour 'L' value of 
extrudates made of rice alone showed higher value 
(80.63) following decreasing trend with different 
legumes incorporation levels. 'a' and 'b'-value of rice 
extrudate was lower ( 1.82 and 11.66) and showed a 
slight increasing trend with legumes incorporation 
levels. Water absorption index and water solubility 
index ofricc extrudates were found to be in the range 
of 429-675 % and 20.2 to 25.2 %, respectively. 
Rheological properties of porridge made of 
extrudate flour were evaluated using Rapid Visco 
Analyser. Maximum and minimum peak viscosity 
for rice extrudates alone and rice extrudates blended 
with 15% peas were 697 cP and 523 cP, respectively. 
There is a decreasing trend with increase in legume 
incorporation level. Other RVA rheological 

http:15.87-25.32
http:5.95-27.46
http:22.22-65.71
http:4.00-3.17


paran1eters \ i/ .. break dO\\·n and final\ iscosity \\ere 
obser\·ed to he in the range of 266 - 226. 43 1 - '297 

and 452 - 3:5 cP \1a\.i111u111 \ alucs of protein. lJt. 

fihre anJ ash Cl'ntcnt~ \\·ere obscr\ cd for rice 

e.xtrudates at 15 \) •1 lcgun1cs blend le\ els. lentil 

( l J.5°ol. all lcgun1e~ ( 1.03°··0). peas (0.500,.··r1) and 

green gran1 (0.98°0). respecti\ely. It sho\Ycd an 

inLTCas1nu trend \\·ith the increase in lcgun1c hlcnds 

111 rice extrudates. I)egrcc of ge!atinization for 
e\.trudatcs nia<le \vith rice alone vvas 29.4 o..·;1 and 

shO\\·ed a decreasing trend \\·ith increase in legun1es 

and observed minimum (22.4 °·o) for rice blended 
\\·ith 15 (~·O dehullcd green grain Scnsor:y evaluation 

scores for all cxtn1datcs sho\vcd the n1ost liking 

range (6 to 8). Sensory e\aluation scores for the 

cxtrudatcs were obsened to be in the range of 6 - 8 

for all cxtrudates. In this study. an incorroration level 
(up to I 5 %) of dehul\ed legumes fetched good 

scores except black gram addition. because of its 

inherent characteristics. Thus. legume blend le\ el 

(up to 15%) of"dchullcd legumes fetched good scores 

and shm\S a promising trend for the rroduction of 

low cost expanded snacks and instant flour. 

Processing and utilization of beetroot and carrot 
for rnlue addition in health foods 

Development and evaluation of beetroot po\\der 

incorporated defatted soya flour fortified biscuits 

Defatted soy flour Corti ficd biscuits were 

prepared using different levels ofbeetroot powder (0. 

2, 4. 6. 8. I 0 °/,,) only, beetroot rowdcr with egg. and 

beetroot powder with ascorbic acid. and evaluated 

for its physical properties (Table 1) and sensory 

characteristics (Table 2 ). Expansion in diameter and 

thickness of biscuits decreased with increased levels 
of beetroot powder in all three types of biscuits. 

Hardness and breaking strength were observed to 
increase with increased levels of beetroot powder in 

all three types of biscuit samples but addition of egg 

or ascorbic acid did not show any significant 
difference in both of these properties. Redness (a* 

value) of biscuits increased while lightness (L * 
value) decreased with increased levels of beetroot 

-

p<rn der in all three types of biscuits. Redness ,,. 

biscuits \\'ith beetroot po\\·dcr and egg. and hectror,­

p<.n\'dcr and ascorbic acid \\·as on par and higher tha: 

the biscuits with beetroot pcmder only. The protei: 

content in beetroot pO\\ dcr \\·as on par \\'ith \\'he;.( 
flour. hence the addition of different le\ els c>. 

beetroot powder did not affect the total rrote1­

content or biscuit samples. The protein content I'. 

biscuits \Vi th egg \\·as higher than the other t\\'O typc­

orbiscuits because of the additional protein from the 

egg. Sin1ilar trend \Vas observed for fat content ir~ ­

types of biscuit samrles. Addition of beetk 
powder increased the ash and total dietary fit-. 

content significantly in all three types of biscu: 

This brought the slight reduction in t<''­, ' 

carbohydrates and total calorics with increased le.' 

of beetroot powder in biscuit samples. Although c 

three types of biscuits were accepted on sens .. ­

evaluation but the tnean sensory scores for O\"c-:-.:._ 

acceptability for biscuits prepared with vane_ 

levels of beetroot powder and ascorbic acid ",­
more than that or other two types of bisct. '. 

indicated the commercial scope for rnanufacturinc: 

good quality vegetarian biscuits with beetr 

powder and ascorbic acid. Beetroot based diffe:,­

biscuit samples arc rrcscntcd in Fig. 2. 
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Table I Effrct of beetroot powder on prO\imate com1>osition of different hiscuit samples 

Moisture Protein Fat Ash Dietary fibre Total 
carbobydr­
ates# 

Total 
calories 
(kcal) 

beetroot powder only 

:5:0 3.54 
:5:2 3.45 
:5:4 3.57 
:5:6 3.55 
:5:8 3.58 

3.50 

8.34 
8.34 
8.33 
8.4J 
8.33 

8.32 

21.1 J 
21.08 
21.IJ 
21.12 
21.12 

21.11 

0.63 
0.77 
0.81 
I.OJ 
1.07 

I.14 

0.48 
0.66 
0.85 
0.92 
1.07 
1.18 

65.90 
65.69 
65.32 
64.99 
64.82 
64.75 

486.79 
485.54 
484.56 
483.84 
482.82 
482.74 

beetroot powder and egg 

3.44 

3.34 

3.50 

3.40 

3.45 

3.64 

8.69 

8.60 

8.64 

8.59 

8.64 

8.63 

22.88 

22.80 

22.87 

22.91 

23.26 

22.8J 

0.62 

0.74 

0.82 

I.OJ 

1.05 

I.12 

0.43 

0.62 

0.76 

0.86 

0.93 

1.06 

63.93 

63.89 

63.40 

63.22 

62.67 

62.73 

494.86 

493.67 

494.05 

493.48 

493.09 

489.41 

3.43 

3.78 

3.47 

3.64 

3.58 

3.44 

8.36 

8.32 

8.3 J 

8.30 

8.28 

8.31 

21.19 

21.16 

21.17 

21.14 

21.19 

2I.16 

0.63 

0.74 

0.82 

1.06 

1.08 

1.15 

0.46 

0.66 

0.86 

0.9J 

1.07 

I.I7 

65.92 

65.33 

65.37 

64.95 

64.79 

64.76 

487.89 

485.J2 

484.96 

483.30 

483.07 

482.66 

en ts 

0.14ns 
3.06118 

2.83118 

0.68118 

J83.66** 
• 
u 3ns 

l.54ns 
788.2J ••• 
I. II ns 

239.60*** 
0.90118 

0.34ns 

3J8256*** 
21009.2*** 
I J68.58*** 

10275*** 
J09Il ••• 
2644.02*** 

J83.96*** 
J09Il ••• 
I.O ns 

en ts 
Treatments 

O.J2 
0.08 
0.20 

0.05 
0.04 
0.09 

O.J5 
0. JI 
0.26 

0.037 
0.027 
0.065 

0.0013 
0.0009 
0.002 

0.004 
0.003 
0.007 

1.49 
1.06 
2.59 

3.23 0.67 0.72 4.37 0.16 0.01 0.33 

Wf Refined 
•-heat 
flo<rr 

DSF . Defattcd 
soy !lour 

RP: Beetroot powder 

~L------------------------161-



B. HORTICULTURAL CROPS PROCESSING 


Ecofriendly storage techniques for improving the 

post harvest physiology ofmango and guava 

Ranu_·\h ~un1ar. \. ~. I hah.ur and R. ~. (.up Lt 

i) 	 Ripening changes during fruit growth and 
development ofguava 

The changes in physical and chemical 

parameters were determined for both rainy and 

winter season guava. Fruit growth showed double 

sigmoid pattern during both the seasons. Acidity 

decreased during fruit development while vitamin C 

and soluble solid content increased during the last 

stage offruit growth. It was also observed that winter 

season guava had more acidity, soluble solid and 

vitamin C content as compared to rainy season guava 

(Table 1). Based on various physico-chemical 

parameters, external fruit colour was found to be a 

reliable harvest index. Mature green fruit could be 

harvested with L, a and b values of 62.7, -5.43 anc 

25.65, respectively. These values correspond to the 

fruits with yellowish green external colour anc 

marketability. 

ii) 	Post harvest quality of rainy season guan 

wrapped in different plastic films 

An experiment was conducted on individual frui: 

packaging of guava. The fruits were harvested a: 

mature ripe stage and wrapped individually in hea: 

shrinkable, stretchable and LOPE film witt 

unwrapped fruits served as control (Fig. !). Bott 

shrink and seal packing considerably reduced tho 

weight loss, however, seal pack resulted i[ 

maximum decay loss due to condensation 0: 
moisture inside the loose pack. Unwrapped fruits los: 

about 40 % of their weight by 9'" day of storage (Fig 

2). Colour retention was found to be slightly better i[ 

Harvest stage 	 TSS ('Brix) Acidity(%) Vitamin C (mg/100) 

Green immature 8.0 0.68 165 
Mature green 9.2 0.59 186 

Yellowish green 10.5 0.51 228 
Greenish yellow 11.25 0.48 215 

Mature yellow 11.75 0.42 219 
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50 ---+---Seal 
-a- Cling 
---.- Shrink 

40 

~ 30 Control 
;: 

20 -
10 

0 

0 3 6 9 

Storage duration (days) 

. :"lg wrapped and seal packed fruit while over all 

: _21ity was rated best among shrink wrapped fruit at 

-:: 'end ofstorage period. 

.ri • Effect of storage condition and individual seal 

'~ckaging on mango 

Fruits of mango variety Chausa were collected 

:n orchard and wrapped individually as shrink­

•-:1p. seal-pack, and cling-wrap for studying their 
0c:·rage life under ambient and low temperature 

. : c.ditions (Fig. 3 ). Shrink-wrapping was performed 

='lot tunnel while cling and seal packing were done 

-:-.2nually. The results indicated that PLW increased 

• ::'1 the increase in the storage period. Unwrapped 

-.2:1go lost 22 % of their weight and became 

.::..-:,elect after 4 days of ambient storage (Fig. 4). 

c_-iong different methods of individual fruit 

:.2~kaging, seal pack was most effective in reducing 

·.cc weight loss and thereby maintaining the 

.c.e>hness for longer period. Low temperature storage 

-=~·Jced both weight loss and decay loss. No decay 

• c.s reported upto 8'" day of storage and thereafter it 

c.:ceased with the increase in the duration of storage 

• :'.-! least being observed in seal packed fruit. As far 

'-' ~hange in visual color is concerned, it became 

;:-eenish yellow at the end of storage period 

:-:-e5pective ofpackaging treatment. 

120.00 

- 100.00 
~ 80.00 
!I, 60.00 

.!l1 ·a. 
"' 

40.00 
20.00 

---+--Seal 
____.___ Cling 
____.__Shrink 

Control 

0.00 • 

0 4 8 12 16 20 24 28 32 

Storage period (days) 

iv) Biochemical changes during storage ofMango 

The biochemical changes during storage of 

mango under ambient and low temperature 

conditions were studied. The results showed that the 

fruits maintained under low temperature condition 

remained fresh for 16 days Moisture loss during 

storage hastened the shrinkage of fruit skin and loss 

of brightness in mango indicating a correlation 

between colour change and weight loss. Maximum 

firmness was recorded in seal packed fruit. Soluble 

solid content of the fruit increased from l 8°Brix to 

21 "Brix at the end ofthree week storage. Unwrapped 

fruits recorded the highest TSS/acid ratio during the 

entire storage period, while least was recorded in 

shrink wrapped fruits. Both acidity and Vitamin C 

"-.,=*"~~-~-~~-~ 
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decreased with the duration of storage in all packed 

fruit including control. This decrease was noticed 

more in case of individual packed fruit as compared 

to unwrapped fruits. 

v) Modern packaging ofsapota 

Shelf life of sapota fruit was evaluated by 

modem techniques like shrink-wrap, cling-wrap and 

seal pack in different plastic films. Shrink and seal 

packaging were most effective in controlling the 

weight loss (Table 2). The wrapped fruits were found 

to be firmer than control fruits. Individual fruit 

packaging also reduced the problems of decay by 

preventing secondary infection and it was easy to 

discard the spoiled fruit which in tum extended the 

shelf-life. Among different methods, cling wrap was 

to replace machinery required for shrink packagin~ 

and thereby minimizing the packaging cost. 

Development of hand tool for easy separation of 

arils from pomegranate 

\. K. Thakur. R. T. Patil. ll. B. Singh and R. I<. Gupta 

The hand tool for easy separation of arils was 

tested for its performance evaluation on differen: 

varieties of pomegranate. The physica: 

characteristics of the fruits and the separatior: 

efficiency ofthe hand tool on respective varieties are 

presented in the Table 3. Pomegranate fruit has to be 

held between the pair ofholders, and these are tumec 

by hand in opposite direction of each other. Due 10 

rotating action of the holders, fruit breaks into tw0 

irregular halves as a simultaneous effect of tensior: 

Storage 
Packaging treatment duration 

(days) 
Control SL CL HS LL ML 

0 0.00 0.00 0.00 0.00 0.00 0.00 
2 6.68 0.51 4.13 0.34 0.33 0.33 
4 15.38 1.43 9.98 1.21 1.12 1.37 
6 24.32 2.14 15.10 1.68 1.54 2.IO 
8 27.93 2.45 16.93 1.92 1.69 2.37 

10 31.92 2.98 18.95 2.29 2.IO 3.00 
12 37.24 2.89 9.20 2.48 3.10 3.39 

least effective in prewnting the decay but had a 

considerable effect in extending the shelflife by one 

week over its unwrapped control fruits. Shrink-wrap 

packaging was found to be most effective in 

maintaining the firmness. Shrink wrapped fruits 

could be stored for 14 days under ambient condition 

with acceptable fruit quality as against only two 

weeks ofunwrapped ones. TSS and acidity increased 

during storage. Maximum retention of nutrients was 

observed in cling wrapped fruits followed by shrink 

wrapped fruits. Shrink wrapping resulted in 

maximum shelf-life under both the conditions. 

However, cling wrap packaging could be an answer 



• ::h twist on the peel. During this action the whole 

"'-en experiences a shearing effect; and due to this 

::"-cct the arils become loose which provides an 

_c:-ortunity of easy separation. The aril separation 

• :,__; found in between 30-45 % depending upon the 

_c_-ieties of the pomegranate fruit. The separation 

,~:~iency was higher in case of fresh fruit in 

__ :c-.parison to the stored fruit of about a month. 

-': ·.wver the difference was not much. The rest ofthe 

~-::s become loose and could be further easily 

-:::ooved by the finger tips. This tool facilitates easy 

"-caration of arils from the whole pomegranate fruit 

• ::hout any damage to arils. The performance 

:-:mg ofthe hand tool is shown in Fig. 5. 

:lPHET-Pomegranate aril extractor (motorized 

· trsion) for industrial use 

...,,. lhakur,R. l.l 1:lliLl>.B . ....,i11gh;11HIR.h..(.upla 

Processing of pomegranate provides an 

~rtunity to create new and innovative market for 

fresh arils Guice-enclosed seeds), dried arils. juices 

and wines; and health and pharmaceutical products. 

The "CIPHET-Pomegranate Ari! Extractor" (Fig. 6) 

relates to a mechanical and continuous system for 

processing of whole pomegranate of any size, shape 

and variety; and for recovery of clean, whole and 

undamaged arils. The system comprises 

pomegranate fruit breaking unit, drive unit, 

collection trays (where separated arils and 

extraneous matters are received), vibrating sieve 

unit; and the clean arils and extraneous matter 

collection troughs. The fruit breaking unit consists 

of a pair of innovative cone frustums with knives 

arrangement to continuously break the fruit in such a 

way that the major portion (85-90%) ofarils is safely 

separated out (Fig. 7). During operation, the knives 

in the cone frustums act over only peel surface ofthe 

Pomegranate. The rest of the arils (about 10-15%) 

remain attached with the broken peels and are further 

separated over the vibrating screen. The machine is 

Cultivar 
Parameters Mridula Ganesh Sinduri G137 W. Muscut 

\fajor axis dia (L), mm 73.34 ± 3.81 76.43 ± 2.82 78.67 ± 1.77 80.68 ± 6.25 85.76 ± 3.67 

\f1nor axis dia (W), mm 70.23 ± 2.51 73.60 ± 3.12 76.95 ± 3.12 77.01 ± 6.58 83.07 ± 4.30 

-\xis normal to major 
.:.....ld minor (T), mm 

66.29 ± 2.69 72.19±3.35 76.37 ± 2.96 74.93 ± 5.71 82.05 ± 5.21 

-..,-eight of fruit, g 
?~1 thickness, mm 

198.50 ± 24. 74 
2.97 ± 0.13 

242.60 ± 49.27 
3.76 ± 0.27 

251.92 ± 11.25 
3.86 ± 0.48 

269.04 ± 47.13 
3.48 ± 0.44 

333.05 ± 43.1 
3.12 ± 0.18 

?J4 thickness, mm 
_.__-:!. o_.u 

52e (Geometric 
=ean dia, Op), mm 
~:-hericity 

·, ~:ume of fruit, cc 
Xnsity, glee 
.1._-:'. separation 
::~..:iency by hand 
-:..:•:' .. by weight 
!._-:: separation 
::~.:iency by hand 
'....:•:· . by no. arils 

0.15 ± 0.04 
66.42 ± 3.27 
69.88 ± 2.71 

0.953±0.017 
178.75 

1.11 
35.6 ± 4.25 

36.4 ± 2.32 

0.23 ± 0.03 
62.28 ± 4.37 
74.05 ± 2.98 

0.969 ± 0.016 
212.70 

1.14 
32.5 ± 2.84 

35.0 ± 3.15 

0.27 ± 0.02 
56.70 ± 4.48 
77.32 ± 2.52 

1.00 
242.14 

1.04 
40.0 ± 6.86 

31.32 ± 5.66 

0.22 ± 0.02 
61.97 ± 2.93 
77.48±5.78 

0.96 ± 0.039 
243.64 

30.1± 3.66 

32.1+3.09 

0.25 ± 0.02 
60.0 ± 1.66 

83.61 ± 4.29 

0.97 ± 0.02 
306.0 

32.0 ± 2.81 

33. JI ± 4.04 
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,., f.oitrcJI Mt ~r ri.irt !Jam;t · 
ti f~·rie!'rir~. il-;trl)fJfv (100[ ~ 

·-;;,;.:_,___ AOOfw 1s:11i PlmJ:lb 

capah\e to prOCL'-..,:-, the\\ hole pO!lll'gr~tllatc at a rate oi' 

approxin1atcl: .::;.(J q per hour ''1th cxtraction 

caracity l)r 90-lJ-l. 11 
1) and\\ ith little da1Y\; 1 ~C l)f an ls 

that 1s ahlnll 1-~ 1
' ,,. ·rhc inYcntcd n1ach1nc called 

..( 'f Pl I E1'-Po111cgranatL' :\ril Extractor'' is basL'd on a 

novel \Yor\.._1ng prinL'lplc. 

rhe n1ain ad\-antagcs of this no\cl n1achinc arc: 

• 	 l'he potnegranatc hrcaking an<l aril's separation 

111cchan1:-.n1 1-­ high\; 

dan1agc and\\ a-..,tc. 

.._·fficicnt ,,·ith n1ini1nun1 

• ( "ontinuou...; l1pcrati1Jn fl1r rapid processing of 

large quantitie-; in an; :-.hape. sii'c and variety of 

the potncgranatc. 

• Peels and other cxtranePu:-. n1attcr arc separated 

out. yielding L'ican an!:-. that L'an he u....;cd for 
rurt hL·r proccs:-. ing or for c~n i ng frc.;,,h. 

·rhc tcchn ica I spcc i fi cation:-. of the niac h 1Ill' arc : 

• .i\ril extraction capacity ).0 quintal per 

( approxi111atc I y 3 )--lO tt·ui t:-. per 111inutc) 
hour 

• :\ril extraction separation efficiency: lJ0-9-l 11 
0 

(depending on ,-ariety and Pon1cgran ...::: 

L·haractcristic-;) 

• 	 \1echanical dan1agc ofarils is on\; 1-2 °-;J_ 

• 	 :V1an pO\\ er required for safe and sn1ooth runn:- = 

of"C!PHET-Porrn.:granatc Ari! Extractor" is:-: 

persons 

• 	 Electrical power required- 0. 75 k \V ( l .Ohp) 

• 	 ()vcrall size of 111achine Lcngth- l 4XO nc_ 

Width-660 mm. llcight-1710 mm . 

• 	 \\"eight: 250 kg . 
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C. AGRICULllJRAL STRUCTURES AND ENVIROl'\OME'.'lTAL CONTROL 

Dnelopment of cooling systems for comfort and 
enhanced production ofdairy ctm 

(·rpr IE r has initiated a rro1cct on comfort of 

.attic in collahoration \\1th (iADV/\SL. Two 

,:\ aporati\ c cooling ~y-.,tcn1s i.c. fan-fogger and t~1n­

:--Jd cooling syste111s \\·ere designed and 1;1hricatcd 

:-._1r cooling the cattll'. shl'.ltcrs in the dairy fanns ofthl'. 

~cpartn1l'.nt of ..\nl111al fireeding ~ind (ienctil'.s. 

-~DV/\SLI The cattle shelters (Fit'. I) at 

·\[)\';\SL arc rartially enclosed. The si/c of each 

--.,_'ltL'r is~()\ h 111 \\ ith an OPL'll arL'na on one '.-iide and 

.:. :·ceding linl'. on the other side and i-., called loose 

- Y,1s1ng :...:;:isten1. 

·rhc fr1n-lt)ggcr sy:...ten1 (Fig. 2) consists of air 

_ -,:ulator fans (si/e 7'6") n1ounted on the .... 1de \\·alls 

~-:he shelters. Fi\.._. fogg('r nozzles (0.~ 111111 si1e. 4~ 

-:-~-- 50 2 :..pray angle) arc n1ounted on a copper ring, 

and titted in front of the fan. The fans rrm idc airtlo\\ 

of around 700 m · min and arc tilted d<mn11 ards at an 

angle of 20-10°. ·rhc ring containing the IOggcrs i~ 

connected through a rumr Iby a high-pressure pipe I 

to the \\'atcr tank. \\'h('n thl'. cooling systen1 is turned 

on. the fans are run continuously. ;\n adjustable tuner 

\\'ith ng on the a1nhient conditions. \Vatl'.r is fiJrcl'.d 

through the rogger 110//ll'.s in the f(Jnll of tin(' 111ist. 

which is blown across the shelter h\ the fan. The 

evaporation Of\\·ater\\·h1ch JS in the fonn oflinl'. Jllist 

n::sult:... 1n cooling. ·rhc entrances to the shelter ha\'e 

hcen covered h\ tarpaulins to preserYL' the 

mieroclimatc in the shelter. 

The fan and pad cooling sy1 sten1 (Fig.}) consists 

oft\\'l) coolers containing 3(1·· 700 11)1n exhaust fan:... 

and rads. The pads arc made of cellulose raper 

housed in a G.I l'.asing \Vith a \Valer distributor 

through a P.\'.C header. The \1atcr collecting tank is 

1nade of CT.I and has a rugged construction. The 

http:cpartn1l'.nt


,.,,,,__~1~4~'·~'·D'E'6~-'~'ll;t~§~·~'·lli'*!l#~·~'·~t:~O~·~k~1r-------------------------------

intricately woven cellulose pads provide necessary 
water to air contact to achieve high efficiency in 

cooling. The feeding side and the entrance side ofthe 
shelter have been covered with net and tarpaulin to 

prevent solar radiation input and the cold air from 

escaping the shelter. 

The daily temperature and humidity in the 

shelters for cows at GADVASU was recorded and 
temperature and humidity index (THI) was 

calculated. THI is commonly used for evaluating 
heat stress in animals. It is known from review that 

precautionary measures need to be taken to reduce 
heat stress conditions in the shelters, when the THI 
values reach 75-78. The temperature, relative 

humidity and THI were observed to be in the range of 
29.8 - 32.1°C, 66.3 75.3 % and 80.6 84.9 

respectively. The values of THI during July to 
September revealed that the cows were under heat 

stress in these months. 

Application of modified atmosphere packaging 
and storage offresh vegetables 

Dl·cpak. Raj l~ai and S.'\ . .lha 

a) Package headspace dynamics for baby corn 

under modified atmosphere packaging with 
macro-perforations 

Baby com is highly perishable and reqmres 
appropriate post-harvest technologies to extend its 

shelf-life and maintain the nutritional content. One 
of such technologies, viz. modified atmosphere 

packaging (MAP) (Fig. 4) can be suitably adapted 
for this purpose. However, selection and application 

of appropriate MAP; among its non-perforated, 
macro-perforated or micro-perforated modes 
requires repetitive experimentation to arrive at 

suitable desired in-pack partial pressures of 0 2 and 

C02• Micro-perforated MAP is an expensive 

proposition and so far has limited commercial 
applicability, except for high value commodities; 

therefore macro-perforated MAP is being tried to 

affect higher gaseous diffusion across the film 

packages. Predictive modelling represents a 
physical phenomenon by means of mathematical 

equations; whose numerical solution can fairly 

predict transient and steady state parameters in a 
dynamic system and can avoid the need of repetitive 

experimentation. However, representation of the 
respiratory behaviour of a crop is also of utmost 

importance as wrong selection or very straight 
forward assumptions can lead to wrong predictions. 

In this study, the respiratory behaviour and 
associated inhibition by CO, as per established 

enzyme kinetics theory was first assessed with in the 
temperature range of 5-15°C for baby com; which 

was then used to model-predict the in-pack partial 
pressures of O, and CO, at I 0 and l 5°C; in non­

perforated and macro-perforated polypropylene (PP I 
film packages; utilizing baby corn, polymeric film. 

package and the storage environment parameters as 

input. Model validation during actual storage at 10 

and l 5°C indicated that the model-predicted or 
simulated in-pack partial pressures of 0, and CO, 

agreed fairly well with the experimental 

observations; which indicated the appropriateness of 
the evaluated respiratory behaviour and the 

associated inhibition ofO, consumption rate ofbab! 

com by headspace CO,. 

The in-pack headspace partial pressures of O, 

and CO, inside the macro-perforated film packages 

containing baby com depends upon the interactior: 
of baby com respiration and the diffusion of 

respiratory gases; through the permeable film 
packages and the macro-perforations contained ir: 

them. The transient-state in-pack 0, and CO, partial 

pressures in a macro-perforated modifiec 

atmosphere system can be predicted with the help o: 
following ordinary differential equations; b! 

performing mass balance on produce-package 
system: 

i',____________________,.j 



•':!ere, P,,,and P,mare the permeability coefficients 

: :- the polymeric film (PP, in this case) for 0 2 and 
- • • _o -I -I 0111 Ill
_02.respecllvclymmlmm-h kPa ;Po.andPo,arc 

:::e outside and the in-pack partial pressures of 0 2, 
()/([ //} 

~pectively, in kPa; Pco. andPco,are the outside and 
:::e in-pack partial pressures of CO,, respectively, in 

C'a: Ar is the total surface area of the film package 

r: m'; T, is the thickness of the polymeric film in m; 

::_ 1s number of macro-perforations; D02 and D,02 are 

::e effective permeabilities of a macro-perforation 
~:·r 0 2 and CO,, respectively in ml h-' kPa-'; R 02 and 

:?_ are the rates of 0 2 consumption and CO, 

~. olution ofthe baby com, respectively, in ml kg' h-'; 
•-is the weight of the baby com inside the film 
:::-.;.:kage in kg;p, is the total pressure inside the film 

:::-.;.:kage (normal atmospheric pressure, I0L325 
C'a ): Vis the void volume ofthe film package in ml. 

The 0 2 consumption rate ( R02 ) as inhibited by 

~0 both in competitive and uncompetitive way as 2 = enzyme kinetics was evaluated as per the 
:i: Jawing relationship: 

R,;, 

..-=:ere, V"'" is the maximum oxygen consumption 

-:E:e in ml kg·' h-'; K,,,,)s Michaelis-Menten constant 

:i:-r oxygen consumi:)tion, in kPa; Kmccrh is the 
W:~haelis-Menten constant for competitive 
ni:.:bition of 0 2 consumption by C02, in kPa; 

.f ._ Is Michaelis - Menten constant for 

uncompetitive inhibition of02 consumption by C02• 

inkPa. 
Rm. was calculated using the experimentally 

observed values of respiratory quotient i.e. ratio 
between C02 evolution and 0 2 consumption (Rq) and 
the 0 2 consumption rate as per following: 

The 0 2 consumption rate parameters; along with 

the parameters of type of CO, inhibition 

( V 
1111

h , K111
1

!:_ , K 111 c, (h and K11111 , ) were estimated using 
0 

the closed system technique for measurement of 
respiration The respiration rates of baby com were 
calculated at any instant oftime: 

v 
1 
( ' 1)R = Yo,- Yo, , 

0 
· (11

- 1) 100 wh 

v(' - i)
Rea =( , Ye), Yw, 


2 

t 1- t' 100 Wh , 


where, y;,_, Y~,, y~02andy~02aretheinitialand the 
final concentrations of 0 2 and C02 inside the glass 

container, respectively; V, is void volume of the 

container in ml; wis the weight ofbaby com in glass 
h • 

container, in kg; t' and t are the initial and the final 
times of observation, respectively, in h. The 
respiration rates and the gaseous concentrations 
converted in to partial pressures of 0 2 and C02 were 

subsequently used to estimate the enzyme kinetics 

model parameters. Non linear regression analysis 
was carried out using the measured values of R

0 
_ , 

P~. andp~~' to establish the type of inhibition by Cb, 
and to estimate the associated parameters for 0 2 

consumption [ V,,,'"
~ 

, Km 
(/;' 

,Km,-
(02 

] for baby com. 
""lol u ! 11111 lo till or t·I !\':II 111odl·i 

Equations were solved numerically, using the 
classical fourth order Runge-Kutta method. The 
solution was programmed in Fortran 77 utilizing 
Force 2.08 software; to predict the transient-state 



in-pack partial pressures of0 2 and C02 for perforated 

and non-perforated polypropylene (PP) film 
packages containing a known weight of baby com 
stored under MA. 

The transient state partial pressures of 0 2 and 

CO, for non-perforated and differentially macro­

perforated PP film packages containing baby com 
were predicted using the developed computer 
programme. The evaluated values of the respiration 
rate parameters of the baby com as per competitive 
inhibition by CO,. weight of the baby com, 

respiratory quotient. package and film parameters 
(thickness, surface area of package, permeability 
coefficients for 0 2 and CO., effective permeability 

through macro-perforations, void volume of 
package), the initial in-pack and the environmental 
partial pressures of02 and CO,served as the input. 

The partial pressures for 0 2 and CO, in the 

storage environment were also taken as 21.16 and 
0.03, respectively, as it comprised ofnormal air only. 
The appropriate step-size for the time interval 
selected for the simulation studies was taken as one 
hour for the entire simulation storage period of 120 h. 

Package headspace 0 2 and CO, dynamics; as 

predicted by the numerical solution were verified 
through actual experimentation. Freshly harvested 
baby com were pre-cooled and equilibrated at the 
respective experimental temperatures of I 0 or I 5°C 
and 75% RH for two hours. Prior to packaging, the 
baby com were sorted according to their size, 
appearance and diameter. Good quality baby com 
having almost uniform length ( 110± I 0 mm) were 
selected for experimentation. Damaged, extremely 
small or large (diameter of the central cross section 
< 15 mm or >25 mm) pieces were rejected. 
Polymeric (PP) film packages (0, I or 2 perforations 
on package body) having film thickness of 20 µm 
and overall package area of0.06 m' were taken up for 
validation purposes. The packages were filled with 

0.25 kg ofbaby com and were stored for 120 ho 
in an environmental chamber maintained 
respective storage temperature ( 10 or I 5°C) ant 

· 

· 

· 

· 

· 

a 

· 

fixed RH of 75%, in triplicate. Measurements f 
the headspace gaseous environment, during 
entire storage period were carried out after 12. : 
48, 72and 120hoursofstorageunderMAP. 

The headspaces partial pressures ( p;;, andp,· _ 
inside the containers containing baby com for 
temperature range studied (5-l 5°C) are shown 
Fig. 5. It is evident that as the time progressed. 
p :;. kept on decreasing, due to consumption 
heads pace 0, by the baby com. Whereas, during 

same interval, p~'0,increased. While, a very Ii 
change in p;;. andp;"0 .was observed with the chan_ 
in the environmental temperature from 5 to I 0 2 

the decrease in p:;. and the corresponding increase 
the p~'o. was observed to be sharper at l 5°C wh1 
was indicative of the effect of increase 
temperature, hereafter. Moreover, p~;., P~1·~): 
steadied with in approximately 2 h; under all 
temperatures used in this study. 

The calculated values of rates of oxyg 
consumption (R0 ,) and carbon dioxide evolun 
(Rrn. ) with in the temperature range studied: 
plotted in Fig. 6. At 5°C; Ro, largely remain 
unresponsive to the experimental time and the ste 

state level of the same was observed to be 41 ml 4 
h"; due to the predominant effect oflow tempera 
On the other hand, at 10 and l 5°C, the R val

0 

remained relatively higher initially; mainly' due 
the initial experimental environmental 
respiration adjustment at higher temperatur 
However, as the time progressed, these kept 
decreasing before arriving to constant levels. Ti 
steady stateR02values at 10 and l5°C were obsen 
to be 52.23 and 96.32 ml kg 1 h ',respectively (Fig. 
At 5 and I 0°C; Rm.values remained largely at lo"' 
levels and were also found to be insignifican 
different. Our previous observations and experie 
with such type of situations in this case and " 



:.._:'ferent other crops such as okra, spinach and betel 
oci etc. during subsequent storage at such 
=:::peratures have indicated substantial in-pack 
• o:er vapour production as compared to the storage 
..: or beyond 15°C, which indicates that at such 

=::iperatures, water vapour production rate plays a 
:-:-edominant role. While Rrn. arrived at steady state 

,.els of22.26 and 25.54 ml kg' h 1 at 5 and 10°C, 

-"pectively; they stabilized around 63 ml kg 1 h 1 at 
"C. As compared to both 5 and I 0°C; at I 5°C, a 

· ;nificant increase in the Rm.at 95% confidence 
e·. el with p-values < 0.05 was purely indicative of 

c=e dependence ofRw,upon the elevated temperature 
:·:he storage environment. 

It was observed (Figs. 7 to 9) that as the value of 

tends to+~ at all the temperatures used in this 

.-_jy; the uncompetitive part becomes zero which 
_ eJrly indicated that the baby com exhibited 
::edominantly competitive type of inhibition during 
:- :espiration at all the temperatures studied. and in 
. _:h cases, the is governed by: 

As seen in (Figs. IO to 12) and (Figs. 13 to 15); 
·~.e model-predicted and the experimental partial 
::essures were in fairly agreement with each other 
':: 0. l and 2 macro-perforations. For non-perforated 
·.'..\P (0 perforation), the headspace 0 2 attained 
:.._-_Jerobic levels with in 24 h ofstorage (Figs. 10 and 

:0

: 1. whiletheCO,settledataround5 kPa. The initial 
:::rease in the CO, levels observed at both the 
·e:nperatures could be attributed to rapid 
: : nsumption of heads pace 0 2 and accumulation of 

2• However, as the storage period progressed, CO, 
:::lused out of the packages and equilibrated; as the 
-eadspace 0 2 still remained at anaerobic levels. The 

results for non-perforated MAP indicated that the 
packaging material could not suffice the high 
respiratory requirement of baby com and was not 
permeable enough to cause the required higher 
gaseous diffusion of both 0 2 and CO, across the film 
packages which led to development of undesired 
anaerobic conditions. This indicated the inherent 
danger in packaging and storing the baby com in the 
non-perforated packages and also supported our 
approach of using perforated MAP for baby com. 
The results on macro-perforated MAP; both at I 0 
and 15°C (Figs. 11, 12, 13, 14) showed the 
effectiveness of the macro-perforations, as 
additional influx and outflux of 0 2 and CO,, 
respectively started through the perforations. This 
effect was observed to be cumulative as the number 
of perforations increased from I to 2. While at l0°C, 
the hcadspace 0 2 andC02 equilibrated to 12.3 and 4.4 
kPa, respectively for I macro-perforation, it settled 
around 14.9 and 3.2 kPa, respectively for 2 macro­
perforations. On the other hand, at l 5°C, the 
equilibrated levels of headspacc 0 2 and CO, were 
seen to 5.1 and 9. 7 kPa, respectively for I macro­
perforation; and 9.4 and 7.4 kPa, respectively for 2 
macro-perforations. High partial pressures of 0 2 

under macro-perforated treatments at I 0°C can be 
attributed to the relatively lower rate ofheadspace 0 2 

consumption by baby com and thus, its successive 
accumulation in the package, leading to 
establishment of such gaseous equilibrium. 
However, this type of headspace 0 2 is not generally 
recommended for MAP as it may prove to be 
detrimental for various physico-chemical 
constituents of the crop. On the other hand, at l 5°C; 

consumption responded to the rise in temperature 0 2 

and partial pressures ofheadspace O,dropped. These 
results indicated the utility of macro-perforated 
MAP as on the one hand, anaerobic conditions could 
be prevented by means of macro-perforations; the 
ideal headspacc partial pressures of 0 2 and CO. 
required for a particular crop vis a vis the storage 
temperature can also be attained by computer 
simulation through variation in different variables 
such as weight of crop, package size, number of 
macro-perforations etc. 



D. TRANSFER OF TECHNOLOGY 


Field Demonstration on Food Processing under 

Farmers Participatory Action Research 

Programme 
RK (;upta. 'lukuncl '\ara~ an,\ h. Saharan and .Jitl'ndcr 

Singh 

Under this project demonstration of food 
processing, polyhouscs and plastic mulching was 
approved for four dis-advantaged districts namely 
Hoshiarpur (Punjab), Karau Ii (Rajasthan), 
Champawati (Uttranchal) and Chamba (HP). The 
project is funded by Central Water Commission, 
\tinistry of Water Resources, GO!, New Delhi. The 
demonstration of food processing and plastic 
mulching was conducted in Hoshiarpur (Punjab) and 
Karau Ii (Rajas than) districts. 

Field Demonstration on Plastic Mulching 
Technology in Hoshiarpur (Punjab) 

The demonstration of plastic mulching was 
conducted in Adimpur Mohatia and Changarwa 
,;nages ofTalwara Block under Dasua Tehsil of the 
district. The total population of these villages is 500­
600 and 2500-3000 respectively. Cultivated area of 
Adimpur Mohatia and Changarwa is 600 ha and 
1250 ha respectively. In these villages, majority of 

farmers have small holdings. Field demonstration on 
Plastic Mulching Technology to conserve the 
moisture was carried out in two selected farmers of 
each village (Table 1) 

Field Demonstration on Food Processing in 
Karauli District of Rajasthan 

The Badurpur, Khera and Mannauj (Todabhim) 
villages are situated in Karauli district of Southern 
and Eastern part ofRajasthan. The total population of 
these villages was 200-250, 2500-3000 and 2000­
2500, respectively. The cultivated area of these 
villages is 600, 1500 and 1250 ha respectively and 
majority of land holdings are small. The main 
occupation ofpeople is not agriculture due to lack of 
agricultural resources (irrigation water and infertile 
land). Root level survey was done and village profile 
was prepared and contacted the Women Shelf Help 
Group (WSHG). This group is governed by CDPO, 
Karauli. This WSHG was not much aware about food 
processing activities, hence, Food Processing 
Demonstrations were arranged. These 
demonstrations were conducted with the cooperation 
ofKVK, Karauli. The details regarding participation 
and products demonstrated are presented in Table 2. 
The demonstrations arc depicted in Figs. I to 3. 

Ta.hie I 1-icld dl'111011-.,tratio11 of pJa...,tir 1nulrhing 

Sr. 
'lo. 

Farmers Name Village 'lame Crops in "·hich mulching was 
done 

I. Sh.Gauri Shanker s/o 
Sh. Jogindcr Singh 

Sh. Guruhachan Singh 

Adimpur Mohatia 

Adimpur Mohatia 

('aulitlower 

('aulitlo\.vcr 

3. 

4. 

Sh. Brij1nohan Sing s/o 
Sh. Yaduvir Singh 

Sh. Gurdial Singh s.'o 
Sh. Jagat Rain 

Changan.va 

('hanganva 

Tomato 

Mango 
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'-Ir. 

:\"o. 

'\an1e of the 
\-illage 

Tehsil No. of 
Participants 

Products prepared 

Badurpur Ilindaun 
city 

52 Jani u·v1ixcd). to1nato sauce. lcn1on, po1negranatc 
and tnango squash and len1011 pickles 

Kher'-! !Iindaun 
city 

67 Jani {:-vtixcd)_ to111ato sauce. lcnHHl. po1ncgranatc and n1a1~::­
squash and len1on pickles 

tv1annauj Todabhi1n 74 Jain (Vlixed)_ to111ato sauce. lenllHl. po1ncgranatc and 1nan;:: 
squash and lemon pickles 



AICRP 

on 


Post Harvest Technology 




The All India Coordinated Research Project 
on Post Harvest Technology is operating at 38 
centres with its coordinating unit at CIPHET 
Ludhiana. The salient achievement (2008-09) are 
given below: 

j 
~AUE 

KOLHAPU, * •IWCHUR*JIU'ATLA 

MAHGALOR~ BAHG ORE * CHEHNAI 

KASARGO * 

TAVAHU~ * C TORE 

• Existing Centres 
• Approwd N.w Centres 
•PC Unit~AHDRUM 

LOCATION OF COOPERATI 'G CENTRES 
(SAU/ICAR INSTITUTES) : 

De\·etopment of ethosorb technique for banana 
(Akola centre) 

The experiment was conducted for the 
quantification of ethylene absorbent pouches for 
enhancing green shelf life of banana bunches (7.25 
kg± 0.5). The study revealed that fruits stored in 250 
guage non-perforated HDPE bags with four ethylene 
absorbent pouches (two at top and two at middle of 
the bunch) recorded the shelf life upto 15 days, with 
better acceptability of ripened fruits. Field trial was 
conducted at banana ripening chamber of Mis Jain 
Processing Plant at Jalgaon and during 
transportation from Bhusawal to New Del.hi by truck 
and railway wagon. Banana packed in plastic crates 
with 250 guage HDPE wrapping and 50 g ethylene 
absorbent with 25 g silica gel placed with banana can 
preserve green banana up to 15 days. 

'4•1el'M'«4·1·1itJ•m:I•@­

Development of soymilk ponder analog (Akola 
centre) 

Soymilk powder analog was prepared by soaking 
of soybeans in water for 12 h at normal temperature 
(28 ± 2°C) and heating of slurry prepared from wet 
ground paste for 20 min could yield white coloured 
soymilk from soybean variety TAMS 38. The spray 
drying of the same could give optimized soymilk 
powder at process conditions of feed rate 350 to 375 
g/h and 178 to 182 °C inlet drying air temperature. 
The other process parameters like aspiration rate 
(giving vacuum of 80 mm of WC), outlet air 
temperature of 100 °C, were kept constant. The 
response parameters were taken as, final moisture 
content, sensory colour score and percent 
reconstitution. 

Dl'velopment of value added products from 
Roselle cahces (Hibi.'it'll.'<i ."iabdariUaJ 

Fresh Roselle calyces were used to prepare 
sharbat, syrup for instant sharbat and jam. Sweet 
pickle and supari powder were prepared from 
retained calyces during syrup preparation. The 
processes were optimized based on sensory score. 
Roselle calyces were dried by different methods such 
as sun drying, solar drying, and hot air drying. Mean 
score ofsensory evaluation ofsharbat prepared from 
dried calyces showed that it can be effectively dried 
by sun drying of23 h, solar drying of 17 hand hot air 
drying of5 h (50°C). 

Lxtraction of natural d)e from biomass and its 
applicatio11 "l tntile ( \ligarh Centre) 

Sixty rufferent shades ofHenna on cotton and 24 
shades of chicory waste on cotton were developed. 
An attempt was made to standardize the dyeing 
recipes. The wash fastness of cotton dyed from 
Henna at I 0% to 50% concentrations was optimized. 
In case of chicory waste dyes used on cotton were 
30%, 40%, 60% and I 00% ratio. The colour values of 
the Henna waste dyed cotton samples were also 
determined by C a·b· values. 
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.'iumbcr of trials for the development of value 
added pet food by utilizing byproducts of 
slaughterhouse. Following dog food samples were 
developed: ( 1) Meat based, (2) Meat, blood & bone 
based and (3) Edible offal based. 

Pet food developed by incorporation of 
slaughterhouse offals, 40% and 50% (Liver, blood, 
heart, kidney, chicken, pawn and MBM), fruits and 
vegetable residues, potato and dal residues and 
flours. Treatment with two natural preservatives 
namely vitamin E (Tocopherol) and C (Ascorbic 
acid) respectively. Effect of storage on various 
quality attributes of dog food samples including 
physico-chemical, microbiological, texture and 
quality were evaluated at 20 days intervals up to 120 
days. The shelflife ofproduct is more than 6 months 
and was liked by the dogs during sensory trial. 

The scheme established its Fifteenth and 
Sixteenth agro-processing centres at Chandapur in 
Anekal Taluk and Chikkagundakallu in Tumkur 
taluk. The APC at Chikkagundakallu is exclusively 
for arecanut sheath food plate making to utlize the 
availability of large quantity of areca sheath in the 
cluster. Also, the agro-processing centre at Alur 
village in Chitradurga district was further 
strengthened by providing an additional unit of 
Areca Sheath Plate Making Machine with buy back 
tie up arrangements with an NGO - Eco Green Unit, 
Bangalore. The entire cost ofthe machines was met 
from theCIDAProjectFunds. 

The Agro-processing Centre in collaboration 
with the IFFCO Foundation, Kolar, at Mallasandra 
village of Kolar taluk was commissioned on 07 
September 2008. The Indira Gandhi Self Help 
Group of Arcnaganahalli has taken over the 
machineries to start processing activities. 

One ton per batch capacity dryer was developed 
and tested for its performance. The dryer essentially 
consists ofa cabinet type holding bin, burner (hot air 
generating system) and heat exchanger. Chilh 
thickness of 10 cm is used in the design of holding 
bin based on bulk density ofchilli hybrids, 400 kg/m 

, a surface area ofat least 25m' was used to hold I ton 
of fresh pods. Twenty-four trays of each 0.9 x 0.7 m 
size (15.12 m' surface area) were arranged in twc 
cabinets. Each cabinet can be loaded with twenty­
four trays to accommodate half ton of fresh pods 
The dryer was tested using 10 quintals ofripe pods of 
Agnirekha hybrid. The drying time was observed tc 

be in the range of 16 to 30 h to reduce moisture from 
80% to 11 % (w.b.), as there was poor distribution of 
hot air in the plenum chamber. Drying air 
temperature of hot air ranged from 55° to 60° C. The 

percentage of discoloured pods is significantly lo'' 
(2%) in the case of mechanical drying of chillies in 
comparison to open yard sun drying (10%). Open 
yard drying took about 20 days to dry the produce. 

Experiments were carried out to determine the 
proportion of different components of medicinalh 
rich aloe vera leaves. Value added products were 
prepared from aloe gel after separation of bitter 
yellowish fluid (aloin) from the leave. Aloe gel was 
blended with lemon and ginger juice and a 
nutraceutical beverage and jelly were produced. 
Storage studies have been carried out using different 
treatments (control, KMS), storage environment 
(ambient, refrigerated). Qualities of the products 
have been assessed through biochemical. 
microbiological and sensory evaluation. 

A low cost aloe-vera extractor was developed 
The unit consists of one pair of rollers, which is 
tapered continuously from one end to other with ;; 
slope in order to have varying clearance to allow the 
leaves ofdifferent thickness to be squeezed properly 



The rollers are rotated in opposite directions with the 
'lelp of a pair of gears & a handle attached to the 
;haft. The unit was tested for its performance. It 
~ves around 10% higher yield in comparison to 
:nanual extraction. The machine can extract 12 kg of 
gel/hr. Design and fabrication of a continuous type 
;>ower operated gel extractor is under progress. 
Development ofprocess technology for preservation 
0faloin is also under progress. 

Po'it har' l . ..,, prol'L'''ill!! of nn1hua t i1ad'111l·tt 

:ndica) !lo" l' r a 11 d \l'L'd ( Bhuh a 11 l'\ ''a r \_.l' ntre) 

Post harvest practices of rnahua flower and seed 
were surveyed in the rnahua growing districts of 
Orissa. The flowers collected are dried under sun up 
:o 18-20% rn.c. and sold to the middlemen at a throw 
away price ofRs.5-7 per kg which is mainly used for 
distillation of liquor or essential oils. Traditional 
products like roasted rnahua flower, rnahua pitha 
:nixed with rice flour, tribal people prepare rnahua 
laddu etc. 

A power operated rnahua seed decorticator was 
developed and tested. The equipment consists of a 
rotary cylindrical drum with 16 nos. of wooden bars 
fined longitudinally along the periphery ofthe roller. 
_\ semi circular concave made up of 6rnrn X 6rnrn 
zigzag square bar is fitted below the roller assembly 
with a clearance varing from 10-20 mm. The 
throughput capacity of the machine was found to be 
60kg/h. The decortication efficiency and whole 
kernel recovery were observed to be 90.5 % and 94.5 
'o, respectively at 10.5 % rn.c. of the seed with rotor 
'.)Jill of 150. The cost of decortication for 480 kg of 
seed in the decorticator was found to be Rs.180/- as 
against the manual decortication cost ofRs.840/-. 

'tanclardi,,1tion of ... 1aughtl'r and dre..,..,ing 
:echnique' for L·attlt·, ,!Jl'L'Jl. pi:,.: and poultr~ 

c·1ien11ai l'l'lllf"l') 

The carcass yield, yield of various cuts and post 
'iarvest losses were recorded for 73 pigs, one buffalo, 
:wo sheep, nine goats, and 132 turkeys. The study 
:ndicated that carcass yield was higher in male than 
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female pigs. The yield ofloin was highest, followed 
by ham, side and spare ribs, Boston butt, picnic 
shoulder and jowl both in case of male and female 
pigs. The carcass yield of white turkeys was greater 
than the carcass yield of desi turkeys. The yield of 
breast was highest, followed by back, drumstick, 
thigh, wings and neck in desi turkeys. The yield of 
breast was the highest in white turkeys also, but the 
yield ofthigh was greaterthan drumsticks. 

l)e\elopnll'llt ot rural "<ilau~hter hou't.' (('hL·nnai 

centre) 

Various slaughter houses in and around Chennai 
have been visited to study and document the existing 
conditions ofslaughter houses. Designing ofslaughter 
houses for rural areas for slaughter of50 cattle/ day and 
500 sheep/goat per day have been completed. The 
floor plan, elevation, section details, as well as 
foundation details for slaughterhouses meant for 
slaughter of 10 cattle /day, 50 sheep or goats per day (3 
models), 1 00 sheep or goats per day (2 models), 500 
sheep or goats per day (2 models) have been designed 
using CAD. Three dimensional models of one of the 
CAD designs developed for slaughter of 1 00 sheep or 
goats per day have also been developed. 

Jlt'\t'loprnent of an clt'L'triral 't11nnt·r \( hennai 
l't'n tre) 

Based on effectiveness of slaughter on pigs, 
sheep and goat, turkeys in terms of development of 
signs of stunning ( electroplectic fit) produced and 
bleeding time, a modified version of the electrical 
stunner has been developed at a cost of Rs 25,000/­
for use in rural slaughter houses. 

lntt..·n~i' t' L'\ aluation of hanana lihrc l'\trartor 
and lo ... tud~ tht fca\ihilit~ for illaking hanana 

ti h rl' prod Ul'l' ( ( ·oi rnhatorL' (·en tre J 

The banana fibre extractor, developed by the 
Krishi Yigyan Kendra, CTRI (ICAR), Rajarnandhry, 
was evaluated for fibre extraction efficiency, length 
offibre and. The unit requires some modifications to 
improve the performance to cater the needs of the 
entrepreneurs and farmers with reference to the local 
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The All India Coordinated Research Project on 
Application of Plastics in Agriculture is operating at 
~!even centres with its coordinating unit located at 
CIPHET, Ludhiana. The salient achievements 
'2008-09) are given below. 

• 	 The yield of strawberry cultivated in the 
polyhouse at Srinagar, J&K was almost 
double and about 35 days early as compared 
to outside cultivation. The results are 
consistent as about 2.5 times yield and 45 days 
earliness was observed last year. The 
economic analysis indicated the total cost of 

polyhouse construction to be Rs 684/m', and 
total annualised cost including polyhouse 
construction, inputs and other operational 
costs, is Rs I 0,003 and the returns from the 
strawberry capsicum cultivation in a year is 
Rs 11,905 considering reasonable off-season 
prices. Hence, a benefit cost ratio of 1.19 was 
estimated. 

• 	 Operational schedule for cooling devices 
(natural ventilation, fans, evaporative 
coolings, shading, and fogging) were 
developed at Junagadh for hot and semi-arid 
tropical climate of Saurashtra. A saving of 
24, 17 and 23 % of energy was worked out by 
using natural ventilation at appropriate times 
in April, May and June months, respectively, 
while additional saving of 17, 20, and 31 % 
can be achieved using shading of 50 % 
intensity. 

• 	 Growing vegetables inside the polyhouse at 
Srinagar yielded 12 to 42 days earlier than 
outside condition which due to off­
seasonality it could fetch good prices in the 
market. Polyhouse cultivation ofbroccoli and 
lettuce croppings at Barapani, lettuce as 

intercrop in capsicum and tomato crops, and 
tomato and capsicum in polyhouse and 
shadehouses at Ranchi, were also evaluated 
and found higher production and quality from 
polyhouse condition as compared to open 
field. But, economics of such cultivations are 
still to be worked out. 

• 	 For polyhouse cultivation, the root media 
consisting of soil, sand, FYM and vermi­
compost in 1 :1:0.5:0.5 ratio and 15cm depth 
was found to be the best among different 
treatments of root media and it gave highest 
capsicum yield of 558.6 q/ha, while control 
had 364.3 q/ha at Almora. Taking as 
Frenchbean as intercrop in capsicum, an 
advantage of 18.4% (Rs 4233 I 1OOm2

) in net 
return was obtained inside polyhosue. Use of 
150% ofNPK + 10 t/ha gave higher net return 
(Rs 3,572 I IOOm2

) than 100% recommended 
fertilizers (Rs 3339/1 OOm\ 

• 	 Inside polyhouse, the fertilizers NPK 
application upto 150 % ofrecommended dose 
for open field, gave better yields of 
cauliflower and capsicum than lower doses, 
but the level of 125 % was statistically at par 
with 150 % for capsicum. The benefit-cost 
ratio ofcapsicum cultivation with 150 % NPK 
was 4.95 at Palampur. The high yielding 
hybrid varieties Heera of capsicum, SH-7711 
of tomato and Noori of cucumber were found 
better than other varieties tested inside the 
greenhouse. 

• 	 The vermicompost was prepared using 
different animal manures (sheep, goat, cow 
and buffalo), plant waste (Parthenium, water 
hyacinth, lead liters), and vegetable wastes 
and used for vegetable cultivation inside the 
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polyhouses at Abohar. Vermicompost 
prepared form cow dung was better in yield of 
tomato, but sheep and goat manures were 
better to reduce incidence of russeting and 
blossom end rot disease. Vermicompost of 
water hyacinth gave more yields of tomato, 
capsicum and strawberry. The yield response 
of tomato was obtained upto 10 t/ha by 
vermicompost application. 

• 	 Two tier system of nursery production can 
increase total number of plants produced 
without any effect on quality and period of 
transplanting ready plants development at 
Palampur. It took about 8-18 and I 0-22 days 
to germinate for tomato, brinjal and capsicum 
in one and two tier system, respectively 
during winters (February and March) and 
covering with black polyethylene sheet 
further reduced the period of germination 
substantially. 

• 	 FRB silos, demand fish feeders and polyhouse 
covered LOPE lined tanks were evaluated for 
intensive fish culture. The fish survivals were 
higher in silos having water depth 0.9 m 
followed by 1.8 m and 2.7 m, which may be 
due to low DO in air-water column. The 
growth of fish was 12.61 % higher in tanks 
fitted with demand feeders than manual 
feeding. The plastic covered pond or 
polyhouse can keep the water temperature 
higher over the open-air pond, resulting in 
higher growth and production in fish in cold 
period ofthe year. 

• 	 The modified atmosphere packaging of 
sapota and apples were investigated at 
Junagadh and Srinagar, respectively. Only 
sapota packed in 25 µm polyethylene bag 
ripened at al 1 temperatures and gas 
concentrations. The organoleptic 
performance was observed better for sapota 
sample kept at 6°C with gas concentration of 

5% 0 2+10% CO, after 49 days of storage. '\;c· 

apple sample was observed good after ] 6(1 

days of storage in shrink packing and conm:i 
under ambient conditions, but samples w= 
available upto 205 days in cold storag: 
conditions. 

• 	 Silage prepared with green oat and mailr 
stover with combination of other ingredieim 
were tried at Sikkim by Barapani centre anc 
found that high density polyethylene bags car 
be used for making silage with similar qua]~ 
as prepared by other methods with higher cost. 

• 	 Polyhouse dryer was employed to dry lea.":> 
vegetables in Srinagar and it was effective ,., 
it removed 88%, 86% and 54% of moist= 
from Palak, F enugreek leaves and Orai 
leaves. During the drying of the sampl"' 
inside the polyhouse dryer, the max/mrr 
temperature varied between 39.9 to 7.1 °C::: 
case of Palak, 39.9 to 7.3 "C in case 0 : 

F cnugreek and Orakduring winter season. 

• 	 Barapani centre investigated the feasibilitv 0: 

plastic containers for storage of maize gr;i~ 
as an alternative method to reduce th;: 
infestation of Angoumois grain mot!:_ 
Sitotroga cerealella (Olivier). Plasti• 
container had only 20.56 % seed damage an.: 
polythene bags had 37.12 % seed damage as 
compared to cloth bag of 72.48 % after : 
months of storage and hence, the plasti• 
containers were found to be effective foe 
storage ofthe maize grains. 

• 	 For broccoli cultivation in Meghalaya hill;_ 
the biodegradable plastic mulch was obserw.: 
to maintain higher soil temperature than othec 
treatments (ordinary plastic and straw mulch 1 

But, highest yield was recorded in case o:· 
paddy straw mulch (158.7 q/ha) followed b~ 
grass and plastic mulch. The lower increase 
in the yield in plastics mulch treatment may be 
attributed to the burning effect on young 
seedlings at the time oftransplanting. 
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• 	 Bio-degradable plastic mulch film was tested 
under different moisture conditions atAlmora 
and it was observed that microbial activity 
was highest in irrigation water application at 

1.2 ET". 

• 	 The plastic mulch of different thickness and 

types was evaluated at Abohar. Application of 
ordinary black plastic mulch and 
biodegradable black plastic mulch resulted in 
146 and 134 °;., increase in cotton yield 
compared to control. ln conjunction with 
ordinary plastics, the irrigation level at 100 % 
ofPE gave highest yield ofcotton (24. 9 t/ha). 

• 	 The ordinary plastic mulch also perforrncd 
better for Okra cultivation and gave higher 
yield of 52. 7 q/ha which was at par with bio­
degradable plastic mulch, but significantly 
higher than transparent film (31.5 q/ha) and 
control (26.8 q/ha) at Abohar. Similar results 
were also observed for strawberry cultivation 
which gave higher yield of strawberry ( 151.4 
g/plant) as compared to 117.3 g/plant in 
control. 

• 	 Advancing the sowing of groundnut using 
plastic mulch to avoid damage by rainfall, was 
investigated at Ludhiana. But the results of 

first year indicated no appreciable effect of 
mulching on yield ofgroundnut. 

• 	 Mulching and row covering in polyhouse 
investigated at Ludhiana indicated higher 

plant mortality of capsicum in straw mulch 
than plastic mulch. Inside the polyhousc the 
plant mortality was less than open field where 
it was 30-33%. The percent early fruit yield 
was higher under polyhouse (65-86%) as 
compared to open field (42-73%). The plastic 
mulch recorded highest fruit yield of44 l q/ha. 
In the open field, no mulch recorded lowest 
fruit yield (58 q/ha) and both plastic mulch 
(103 and 143 q/ha without and with row cover. 
respectively) and biodegradable mulch ( 115 
and 153 q/ha without and with row cover. 
respectively) recorded highest fruit yield. 

• 	 Mulching in onion cultivation was 
investigated at Junagadh which indicated 
reduction in weed growth by 65.37 and 63.25 
% in normal plastic and bio-degradablc 

plastic mulch respectively as compared to no 
mulch. Highest yield was observed for nonnal 
plastic mulch (38 t/ha) followed by 
biodegradable plastic mulch (37.3 t/ha) as 
compared to 32.8 t/ha for no mulch. 

• 	 Polythene lined ponds have been constructed 
in village Bhagartola (Almora district) and 
Darim (Nainital district), 26 and 52 number 
respectively. including a total of 28 tanks 
constructed this year. Out of these 78 ponds, 
28 ponds have been evaluated for its 
functional performance. Supplemental 
irrigation from the ponds helped to increase 
vegetable production by 14. 7 to 27.8 % as 
compared to earlier production. 

• 	 Participatory evaluation of gravity fed micro 
irrigation system on the terraces of 
Uttarakhand indicated that in-line drip based 
system can work with reasonable unifonnity 
at pressure head of 1.75 to 5.6 m. Variation of 

L 
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26.54 '% was slightly higher than acceptable 
limit ofASAE of20 %, even then, the system 
performed well to provide irrigation to 
vegetables without any operating cost, and 
gave higher yield of vegetable pea ( 127.5 
q/ha) as compared to check basin ( 120.0 
q/ha). It saved 25-39 % ofwatcr which is very 
important for upland cultivation with 
harvested rainwater. Similar results were also 
observed with frenchbean grown with the 
system. 

• 	 Four farmers of Punjab have constructed 
polyhouse in consultation of APA scientist 
after getting training at the AICRP centre at 
PAU, Ludhiana. However. with the first 
design, the farmers faced problem of higher 
heating and crop failures. Now the design has 
been modified in a participatory mode, and 
the farmers are getting the benefit from 
nursery raising and vegetable cultivation. The 
farmers of the villages and nearby villages 
have also been benefited due to early 
availability of good quality nursery which 
benefited them by getting more price of their 
produce due to off-seasonality. Similarly, a 
farmer from Abohar also benefited by using 
low tunnels for squash cultivation which 
saved his crop from frost damage and 
hailstorm and could get a benefit of Rs 

40,000/acre. These successes in Punja~ :_-, 
being replicated on a large scale and no". == 
farmers arc constructing the polyhouses c_:_ 

shadehouses on their own with advise :-.. c: 

the APA teams located at PAU, Ludhiana:_:_ 
CIPHET. Abohar. 

• 	 Portable FPR carp hatchery has been instc.. __ 
at more than 40 locations, including :=-: 

locations during this period. Responses oc == 
users have been collected and docume::::: 
which mostly state that the hatchery is be~ 
operated successfully to produce fish se~2 
and supplied to local farmers for :- -: 
production. The wider acceptability of ::= 

FRP hatchery is observed as it is be~ 
demanded by different agencies all over ::= 

country as well as from abroad. CIFA has g: ·. 
consultancy project in which FRP c:.:·: 
hatcheries have been established in Barf:.-: 

,.,•. 

.-, 

1 

In addition to the above technical achieveme-:. 
the scientists of the AICRP organized sev e:-_ 
extension programmes to popularize c:: 
communicate to users and stakeholders about ::, 
various plasticulturc technologies developed in ::., 
AlCRP as well as knowledge generated elsewhe:: 
More than 22 activities in the fonn of training · 
farmers, NGOs, officers. government office:, 

farmers, entrepreneurs. etc. have been undertake: 
during the year 2008-09. 


