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Renewable Energy and Biofuels
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*- One kilocalorie (4.187 Joules) = 3.969 British Thermal Unit (BTU).
*- One Bushel of corn weighs, on everage 25 kilo grams. Which translates into 112.500 food — calories.
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The Global Carbon Cycle
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The general energy preservation low for a flow of an ideal uncompressible liquid (no internal friction).
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Rapeseed oil fat and acid composition

Acid
name OSTL{ % 072 2005 Ge?rhrggw'Pykp%g example
Eruca acid, %
>5% <5% (5% tolerance for every acid)
C14:0 <0.2 <0,2 0,1
C16:0 1.5-6.4 25-6.0 5
C16:1 <3.0 <0.6 0,7
C17:0 - - 0,1
C17:1 - - 0,2
C18:0 0.5-3.1 0.8-2.5 1,8
C18:1 0.8-60 50.0-65.0 57,9
C18:2 11.0-23.0 18.0-20.0 21
C18:3 5.0-13.0 6.0-14.0 10,3
C20:0 3.0 0.1-1.2 0,6
C20:1 3.0-15.0 0.1-4.3 1.4
C20:2 <1.0
C22:0 <2.0 <0.6 0,3
C22:1 5.0-60.0 <5.0 0,6
C22:2 <2.0
C24:0 <2.0 <2.0
C24:1 <3.0 <2.0
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Table (2): Quality of the Biodiesel is in compliance with ASTM D-6751 and EN 14214 Standards

o BiodieselMac
No Specification ASTM D-6751 EN 14214 h fuel .
specification
1 Viethyl esters content, 7 - >Y0.9 97.9
2 Density at 15C, kg/m3 - 600-900 062.4
3 Viscosity at 40C, sg.mm/s 1.9-6.0 3.9-9.0 4.24.
4 Closed vessel flashpoint, degrees C >T130 >120 101
5 Sulfur, mg/kg <0.05 (%) <10 0.076
[§] Cetane number >4 ( >51 Y4
/ Sulfated ash, % (m/m) <0.02 <0.02 0.07
5] VVater content by weignht, 7 <0.05 <0.09 0.07
g Copper sirip test <NO. 3 Class 1 Compliant
10 Acld number, mg KOH/g <0.6 <0.5 0.22
11 IViethanol content by weight, 7% (m/m) - <0.Z 0.1
12 Monoglycerides by weight, % (m/m - <0.8 0.6
13 Diglycerides by weight, 7% (m/m - <0.Z 0.1
14 Iriglycerides by weight, % (m/m - <0.Z 0.13
15 Free glycerine by weight, % (mm <0.02 <0.02 0.01
10 | otal glycerine content, %o (m/m <0.24 <0.29 0.25
17 lodine numbe - <120 o
16 Phosphorus content mg/k <0,007T% <10 10
19 Group | metal content (Na, K - <5.0 -
20 Group Il metal content (Ca, Mg s 5.0 B
21 IVIaximum carbonating ability, 7 - 0.5 0.03

Minimal dimensions of the modules : <laagll alay) fpa S8y aald)

2 (Y) Js
No Specification Value
1 Feedstock processing capacity, dm3/min 8...14
5 Methanol wicatalyst mixiure consum }Ir%inri 0.1-0.3
3 Qil vessel volume, dm3 50
4 Methanol vessel volume, dm3 12
5 Finished product vessel volume, dm3 30
6 QOil and methanol temperature, degrees C 40...70
7 Heater power consumption, kW 1,5
8 Pump drive power, kW 2,8
9 Total power consumption, kW 4.5
10 Power supply, 3-phase 24()6\(/)AH% @
11 Maximum dimensions, mm
length 865
width 755
height 1250
12 Maximum unit weight, kg 250
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The ethanol production process : J gt z ) 3,k
Corn Milling, Processing and Generation of Co-products
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Currently legislative issues are before congress that could triple the demand for ethanol as an
oxygenate component in gasoline.
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Ethannl conversion factors for sugar feedstocks per unit of feedstock
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Cn:umm-:udlt_'u,g Ethanol conversion factor

Carn 98.21 gallons per ton  {2.75 gallons per bushel)
Sugarcane 1/ 19.50 gallons per ton

Sugar beets 2/ 24 80 gallons per ton

Molasses 3 59_ 40 gallons per ton

Faw sugar 135 40 gallons per ton

Refined sugar 141.00 gallons per ton

1 Based on 2003-05 LS. averags raw sugar recoverny rate of 12.26% per ton of cane and sucross
recovery from cane molasses at 21 8 pounds per ton of sugarcane.

2f Based on 2003-05 LS. average refined sugar recovery rate of 15.5% per ton of beels and
sucrose recoverny from beet molasses at 40.0 pounds per ton of sugar beets.

3 Based on an average sucrose recovery of 49.2% per gallon of cane molasses.
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Source: Corn Processing Co-Products Manual. Areview of current research on distillers grains and corn gluten, NEBRASKA
CORN BOARD, Nebraska University Lincoln
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Items, Nutrients Shelled Corn, (dry) Dgtreainslswlitﬁrs
Solubles
Dry matter, % 38 39
TDN, % 33 99
NEm, Mcal/lb 0.98 1.13
NEg, Mcal/lb 0.65 0.75
Crude protein, % 9 30
Crude fiber, % 2 3
Crude fat, % 43 11
Calcium, % 0.02 0.05
Phosphorous, % 0.30 0.90
Potassium, % 0.4 1.0
Sulfur, % 0.12 0.90

: B Cpe J il aiat o £0 ) JSA)

1 bushel corn ~2.8 gal ~18 Ib
ethanol

Source: Corn Processing Co-Products Manual. Areview of current research on distillers grains and corn gluten, NEBRASKA
CORN BOARD, Nebraska University Lincoln




Table (15): Ethanol conversion factors for grain feedstocks per unit of feedstock

Commodity Ethanol conversion factor
Barley 1.40 gallons per bushel
Corn-wet mill 2.65 gallons per bushel

Corn-dry mill

2.75 gallons per bushel

Grain sorghum

2.70 gallons per bushel

Wheat

2.80 gallons per bushel

Source : USDA

Table (16): Ethanol conversion factors for sugar feedstocks per unit of feedstock

Commodity

Ethanol conversion factor

Corn

98.21 gallons per ton (2.75 gallon per bushel)

Sugarcane 1/

19.50 gallons per ton

Sugar beets 2/

24.80 gallons per ton

Molasses 3/

69.40 gallons per ton

Raw sugar

135.40 gallons per ton

Refined sugar

141.00 gallons per ton

1/ Bases on 2003-05 U.S average raw sugar recovery rate of 12.26% per ton of cane and sucrose recovery
from cane molasses at 41.6 pounds per ton of sugarcane.
2/ Bases on 2003-05 U.S average refined sugar recovery rate of 15.5% per ton of beets and sucrose
recovery from beet molasses at 40.0 pounds per ton of sugarbeets.

3/ Bases on an average sucrose recovery of 49.2% per gallon of cane molasses.

Table (17):Ethanol conversion factors for sugar feedstocks per gallon of ethanol

Feedstock Feedstock quantity per gallon of ethanol
Corn 0.0101 tons (0.36 bushel)
Sugarcane 0.051 tons
Sugar beets 0.040 tons
Molasses 0.0144 tons (2.45 gallons)
Raw sugar 0.0074 tons (14.77 pounds
Refined sugar 0.0071 tons (14.18 pounds

Table (18): Ethanol average sugar beet productlon and production and processing costs for sugar, 2003-05
[V

Great Lakes | Red River Valley

Great Plains

Northwest

{cents per pound of refined sugae)

Production costs
Variable cash costs 5.596 6.050 5.136 6.253 6.275
Fixed and other non-cash expenses 7.539 7.924 6.893 9.190 8.347
Total Production costs 13.134 13.974 12.029 15.443 14.623
Processing costs:
Variable cash expenses 10.779 10.993 10.993 10.460 10.460
Fixed cash expenses 1.060 1.132 1.132 0.955 0.955
General and adminstration 0.545 0.425 0.425 0.703 0.703
Pulp drying and marketing 1.209 1.158 1.158 1.276 1.276
Total processing costs 13.593 13.707 13.707 13.394 13.394
Credits:
Dried pulp 1.928 2.051 2.051 1.752 1.752
Molasses 0.388 0.412 0.412 0.350 0.350
Other 0.156 0.166 0.166 0.143 0.143
Total credits 2.472 2.629 2.629 2.246 2.246
Total processing costs less credits 11.121 11.078 11.078 11.149 11.149
Total production and processing costs 24.255 25.051 23.107 26.592 25.771
Total variable costs credits 13.902 14.414 13.500 14.467 14.490
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Table (19): Net feedstock cost per gallon of ethanol, 2003-05

Corn Dry Corn Wet Sugar Sugar cane Raw Sugar Refined sugar | Molasses
Milling Milling bf}%t/s 1/2/ 3/ 4/ 5/
(bushel) (bushel) (ton) (ton) (ton) (ton) (ton)
Market price, dollars 2.16 2.16 39.15 28.90 422.00 509.00 63.0
Ethanol byproduct prices:
DDGS S/ton 92.08
Corn glutewn feed, $/ton 66.30
Corn gluten meal, S/ton 269.0
Starch (corn)/ sucrose, % 72 72 17.6 13.8 96 100 49.2
Gallons of ethanol 2.75 2.65 24.80 19.50 135.40 141.00 69.40
Net feedstock cost, S/gal 0.53 0.40 158 1.48 3.12 3.61 091

1/ Sugar beet and sugarcane sucrose percent includes sucrose recovery from juice including molasses.
2/ Market price for sugar beet and sugarcane based on 2003-04 average.

3/ U.S average raw sugar price.

4/ U.S. average wholesale refined beet sugae price.

5/ Molasses price based on 2003-04 prices in

ew Orieans, Houston and South Florida.

Table (20): Estimated ethanol feedstock and production costs for molasses, raw sugar and refined sugar

feedstock
Molasses Raw sugar Refined sugar
Feedstock required (tons/gallon) 0.0144 0.0074 0.0071
Feedstock price ($/ton) 63.00 422.00 509.00
Feedstock cost ($/gallon) 0.91 3.12 3.61
Ethanol operating costs ($/gal) 1/ 0.36 0.36 0.36
Total cost ($.gal) 1.27 3.48 3.97

1/ Based on 2003-05 average ethanol dry mill operating costs with adjusted energy expenses, less enzyme expense.

Table (21): Comparison of estimated ethanol production costs for various feedstocks _‘S/ al.)1/

Cost itwm U.S. U.S. Corn U.Ss. U.S. U.S. U.S. Raw u.S. Brazi E.U.
Corn dry Sugarcane Sugar Molasse | sugar 3/ Refined Sugae Sugar

\9|l|gt milling beets ses 3/ sugar 3/ cane 4/ Beets 4/
milling

Feedstock costs 2/ 0.40 0.53 1.48 1.58 0.91 3.12 3.61 0.30 0.97
Processing costs 0.63 0.52 0.92 0.77 0.36 0.36 0.36 0.51 1.92
Total costs 1.03 0.05 2.40 0.35 1.27 3.48 3.97 0.814 2.89

1/ Excludes capital costs.

2/ Feedtock costs for U.S. corn wet and dry milling are net feedstock costs, feedstock costst for U.S. sugarcane and sugar

beets are gross feedstock costs.
3/ Excludes transportation costs.
4/ Average of published estimates

Table (22): Estimated capital investment costs for alternative sugar feedstocks

Plant size (million gallons per year — MIGY)

20 MGY 40 MGY
Feedstock (S per gallon of capacity) (S per gallon of capacity)
Corn $1.50 $1.30
Sugarcane $2.10-52.20 $1.63-51.68
Sugar beets $2.10-$ 2.20 $1.63-S 1.68
Cane/beet juice $1.35-51.45 $1.05-$1.10
Cane/beet molasses $1.30-51.40 $1.03-$§1.05

Source: PRAJ Industries

Table (23): Annual capital invesrment expense for alternative feedstocks 1/

Plant size (million gallons per year — MGY)

20 MGY 40 MGY
Feedstock (S per gal. Capacity) ($ per gal. Capacity)
Corn $0.14 $0.12
Sugarcane $2.20 $0.16
Sugar beets $0.20 $0.16
Cane/beet juice S0.13 $0.10
Cane/beet molasses $0.13 $0.10

1/ Assumes 20 year investment at a 7 percent rate interest
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The stoichiometric (theoretical ) yield of ethanol from sources :
= 1076 pounds of ethanol / ton of sucrose.
= 538 Kilograms of ethanol / metric ton of sucrose.
= 163 gallons of ethanol/ton of sucrose.
= 680 liters of ethanol / metric ton of sucrose.

Maximum obtainable yield:
= 154 gallons of ethanol / ton of sucrose
(94.5% of theoretical yield)

Practical ethanol plant operation yield:
= 141 gallons of ethanol / ton of sucrose
(86.6% of theoretical yield)

Ethanole production from feedstocks (using 141 gallons per ton of sacrose conversion factor):

(1) Sugarcane = 12.24% raw sugar recovery rate, plus 41.6 pounds of sucrose from cane molasses
1 ton of sugarcane = 235.0 pounds of sucrose from raw sugar.
and 41.6 Ibs of sucrose from molasses
= 276.6 pounds (0.1383 tons) sucrose.
= 19.5 gallons of ethanol
Or 0.051 tons of sugarcane per gallon of ethanol produced .
(2) Sugar beets = 15.58% refined sugar recovery rate. Plus 40.0 pounds of sucrose from beet molasses
1 ton of sugar beets =311.6 pounds of sucrose from refined sugar.
and 40.0 pounds of sucrose from beet molasses
=351.6 pounds (0.1758 tons) of sucrose.
= 24.8 gallons of ethanol
Or 0.040 tons of sugar beets per gallon of ethanol produced .
(3) Molasses = 49.2% total sugars as sucrose
1 ton of molasses =984 pounds (0.492 tons ) of sucrose.
= 69.4 gallons of ethanol
Or 28.8 pounds of molasses per gallon of ethanol produced .
Or 2.45 gallon of molasses per gallon of ethanol produced .
( using a conversion of 1.0 gallon of molasses =11.74 pounds of weight)

(4) Raw sugar =96.0% total sugars as sucrose
1 ton of raw sugar = 1920 pounds (0.96 tons ) of sucrose.
= 135.4 gallons of ethanol
Or 14.77 pounds of raw sugar per gallon of ethanol produced .
(5) Refined beet sugae = 100.0% total sugars as sucrose
1 ton of refined sugar = 2000 pounds (1.0 tons ) of sucrose.
= 141.0 gallons of ethanol
Or 14.18 pounds of refined sugar per gallon of ethanol produced .
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Factors which Affect Pellet Durability of DDGS:
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Burning contribution to global emissions

Species (_I?iomass Burning All Sources Bio[nasso

g element/year) | (Tg element/year) Burning, %
Carbon dioxide (gross) 3500 8700 40
Carbon dioxide (net) 1800 7000 26
Carbon monoxide 350 1100 32
Methane 38 380 10
Nonmethane 24 100 24
Hydrocarbons 8.5 40 21
Nitric oxide 53 44 12
Ammonia 2.8 150 2
Sulfur gases 0.51 2.3 22
Methyl chloride 19 75 25
Hydrogen 420 1100 38
Troposphere ozone 104 1530 7
Total particulate matter 69 180 39
Particular organic Carbon 19 <22 >86
Elemental carbone (black soot)
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Raw Materials : alil) 35al)
Rice straw : i) (8 ()

(slaSl a5 — 888 Ay JSUie aandi s e (B leged SV die )3l cldlaall aal 351
: the chemical composition

a) 26% Cellulose. Jshilis
b) 22.2% Hemi cellulose  jshlws e
c) 12% Lignin Ciad
d) 16.8% Ash 2,
e) 9.7% Silica (N
f) 3.7% Wax £ sadh
g) 9.6% moisture content Lsh,
Elemental composition : 3 ¥ (&8 ¢paial) Sl
a) 41.78% Carbon OnS
b) 4.63% Hydrogen R Hda
c) 36.57% Oxygen CpanS]
d) 0.7% Nitrogen CHag i
e) 0.08% Sulfur Sl
f) 0.37% Chlorine PR

The heating value : 4 sl 48Ual)
The heating value of Rice straw is 16.28 Mj/kg pxS [ Jes e VYA oY) Gl Ay ) yal) dslal
:ds)tal) clilga Akl 3N (R A dad) dadl

The nutritional composition of residue for livestock feeding of rice straw

a) 3.1% crude fat NEQTE
b) 7.7% Nitrate compound A i LS e
c) 39% crude fiber NEQE 1|

Additives : clBLYI(Y)
lglialsag 2686l Ayl A8l 3oyl ddasys W) (88 clula e aclud olsa

e High calorific value. ale 4)))s ddla

e Non toxic. Aol ye

e Low sulphur content (non corrosive). Uaddia CuypS (goina

e Low lead content. Uatdia aba) gsina

e Low price. Qa8 ya

e Easyto handle. Jsal) Jes

Coke : aadll — j
Coke specifications : aadll clialse
padl) cldalga :(YA) Jgaa
Physical : (measured at the blast furnace) Mean Range
Average coke size (mm) 52 45-60
Stability 60 58 min
CSR 65 61 min
Physical : (% by weight)
Ash 8.0 9.0 max
Moisture 2.5 5.0 max
Sulfur 0.65 0.82 max
Volatile Matter 0.5 1.5 max
Alkali (K,0 + Na,O) 0.25 0.40 max
Phosphorus 0.02 0.33 max
-Y\V .o
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Molasses and Venasse : (wlidlly (Neall —o
¢ Ouliilly (el S s M ganlly Al dlsa Guliailly (asal) uiny

Molasse and Venasse composition (Wt%) (wlidlls (w¥eall cuSyi:(Y4) Joaa

“ Molasses Venasse
Component
Water 20.8 50
TDS 79.2 50

e Sucrose 35.7 4

e Glucose + fractose 17.3 15

e Ash 9.9 3

e Organic matter 16.6 28

Experimental Techniques : aaiaill &jghd
Shredding : auaiil) .h.uﬂ\(\)
: Glivalse 41 585 Hydrostatic driverotary shear 12-02 series aladiuly aw Vor (I Voe (e 5531 (38 adaiy

e Shredding area : from 700* 722 mm to 1300* 722mm. bl Al
e Shaft diameter: 150 mm.

e Electric power: 2* 55 KW. 0l jeS (o4
e Rotation speed: 5 a 25 t/min. Ohysall de
e Weight: 5850 kg ( machine only). s

Immobilization time : the two rotors can be replaced in half a day by one person. without
dismantling the machine body.

Pelletizing : —uuaili(Y)
au¥ laylad )€ Al Gluadls dagpall Lagdl [ Jhay €00 v (g5l Jaxa < hydraulic manual press cusill 2y
v dangial) 8 s A Lee il
Calorific value measurement : 4 ),al) 48Ual)  lda(¥)
v sl 3l Cilial Ayl pall AEL) s
Fuel samples formulation : giiall 388l (e cilise Jas :(¥+) Jg

Composition
Rice straw Coke Molasses | Venase
Sample

1 80 20 - -
2 920 10 - -
3 95 5 - -
4 920 7 3 -
5 90 - 10 -
6 95 - 5 -
7 85 5 10 -
8 920 7 - 3
9 90 - - 10
10 95 - - 5
11 85 5 - 10
12 100 - - -

¢ hgidl 8 e A Lol st lphi Gluse e Jis caat cilie yuasd 2y ¢ el
Measuring the calorific value (for fuel) : 3585l &, ,/al) d8Ual) ( b
oY)l il Caliaiy gl agisll Jale aal il g ¢ 2y an) (3ya daial) 5l 2aS gl Ay all Gl Capes
RPN IS

- VYA
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Table (31): Calorific value of different fuels

Higher Calorific Value

Fuel Kj/Kg Btu/Tb
Anthracite 32.500-34.000 14.000-14.500
Bituminous coal 17.000-23.250 7.300-10.000
Charcoal 29.600 12.800
Coke 28.000-31.000 12.000-13.500
Lignite 16.300 7.000
Peat 13.8000-20.500 5.500-8.800
Semi anthracite 26.700-32.500 11.500-14.000
Wood (dry) 14.400-17.400 6.200-7.500

%wt, Loss = [ (Wi-W)/W4]* 100
Where. W, = initial weight of each sample (gm)

W = Weight of each sample at different intervals of time (gm)
il Ay il Apel) o U s By ) B (ssimas oilpal) 355 e il a2

Stability of RSDF : %) (58 (ya gilil) aghgll il
¢ Al e alaal) aladialy ¢hel) (8 S8l das ety (g ) Adbide de) Gl e ddlide Glie ()6

oY) 8 agsl Al claal)
Table (32): Representative characteristic of RSDF samples
Properties Calorific Value % Ash Density, % Moisture
Sample\ (Mj/kg) content Gm/cm content

1 15.711 13.6 0.865 8

2 14.864 13.6 0.842 8.2
3 12.994 14.39 0.812 9.3
4 14.079 11.0 0.855 8.7
5 11.828 11.8 0.866 16.0
6 11.260 11.2 0.882 13.3
7 13.411 11.7 0.826 11.2
8 13.546 14.6 0.680 16.8
9 11.066 9.4 0.856 19.2
10 12.008 13.2 0.725 14.2
11 12.908 11.6 0.741 19.4
12 12.626 15.7 0.844 9.6

Ballad) Al Aal) ) anyy @lldy Gulially (sl (sine e T padl) (ggina pa 3H¥1 U 3l Aphall dadl) caulis
© oslially Gsall Ayshay (ginay andll

High calorific value
Low ash content
Low sulfur content

Low moisture content

High stability
Suitable density

Calorific value
Ash content
Moisture content
Density

% Weight losses

high quality fuel criteria are : 4l 3a5ad) i3 zilal) 3684l ciliualga

Al A yall died
. e Ju‘)dw

M S Lsias
addie dyshy (ggina
Adle @ld dap
Cuslia 3855

Characteristic of selected RSDF : 3} 31 (8 ag8¢ cilialga

Lyl dad 14.864 Mij/Kg
JLQJ nglu 11%
dsh) (ssina 8.70 %
PR 855 Kg/m?
sl 38 L 1.17 %

- V)4 o

H.H El Sersy and N.A. Metawe (2005) : Manufacture of agriculture derived fuel (Adf) from Ric Straw. Journal for
environmental sciences. Vol3 No. 1 March 2005: PP. 9-31 center fro environmental research and studies.




w\&dmwd@w\kmgdﬂw;\f@\ Y iy bl adan g ciien) Al Jygad o g
yusruuuc_\ﬁ:u&;:u‘);;m&jmlﬂ\)@auﬁ\&L\A&A\.@jﬁu&ﬁw\aﬁjc :Cu.d\ U"_lt\jlawwlﬂ\j
@Mj&ﬂ\@é)@@b@@)@»\ﬁﬁ@\wu}a/\° cu_u;j\u,aul:a\O L@ucyhhehula\~~
sala RS u}.\‘)ﬂ ‘):\l:as'i clalaa C)A d-’.)'L' oe 3}5)5 CJ.AA.\ 4..\51.&: 4.4‘)‘); 43l Aﬂy USA\ La.a\} );.J\ Gi:a\}..u 4..1\.4; u\S}L
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Sl () mpnl i J2Y 5550 Cinpal Glad) o) EpuSal) Anels asbed) TS JS5 Gued alae sSall Jsi
Apusuayl (8 @bslly Galeall apyull JSUI dadlaal ilsy) B2 Cupal a8y ¢ Lila aagy 53 ol Gl Aadlaaly 5))gall
OSB Lol 55¥) (38 (aliiins pladil gy pde desiall 3 s ¢ pad Aales Al skl Jie Lalie dlse oo Aa3)
poal) aay galeall JSB JIE 51 S8 )5 (e P VA Jia Allad sale paDlAiu) ADIA 235 ) 3)lhs ae sladlly Galaal)
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Method of treating rice straw : 3 3 (8 dlales 48,

sl dalea & 5 Al sliall A0S L5 Bio. Chemical — Thermo-Mechanical closed system 4ayiadll 45kl

drain (A) oy 8ypmbas Jote 3y S @S ¥ sac grlindy Aigal) g1 HUaill Ailiadl olad) e (30 %4+ Joled
« board

c&}}%hﬁwsoaklng@-\(ﬁ;&w UAALA)AX.L' co\..m)ﬂv~~ CA))\ULE(“P)LS\.. d}:\;.a‘s.l.JMAde
el Jsladll Jeail Jaleal) 1 i L) (e el SO tay (it ) gl 3yl A

o slpe 1) Ly aen % dsdﬁd,tu\)jy\uﬁdﬁm(um)Aqmwufw\ﬁsbw\wsdm
v Al aey %Y 0 ) B a5 ol 1 86 e Jalea 3l and ala LS £ B el sgings ¢
¢S By b pasaal) aelall (50 %)+ chial ¢ pumnalall sladl plasid saleY

¢ Byl b kel (malall e %Y+ Caal

Al syl (8 aadiidl) Gadall e %t sl
JS (Fair Jalaill s s aleadl 390 (38 pH ) (spime mela 30 VT sa zling ) 8 ol LS €0 dlaled)
c A saldl Gl e sy %00 Y Y1 U ssine o cOLalall b adkinal adall e %)
O pailad Joanil ) ¥ %000 ¢ Byl %t.0 ¢ (pakll ddee Jagail ) oa2 %Y e )Y 38 Grinding oada

(oY)
steps of treated rice straw N} (fd dlalea ciighad :(¥¥) Joaa
3)ghadll el ilasl)

Step Time Operation
\ q Glels EDE Gl po delusadd A G 3 50 (38 ol sla Ve a@ ol et
C e pada Jolae VT 35a B
Y VY vCipall e aiasg A Glili e Jaladl 50 G Jln
¥ V¢ v B bl B gy A bl e Jalaadl )Y 8 Iy
¢ ' v odicle aa) Jalee ) G aha US Ve Jusd ol 31 V10 B bl s5imy
° YA o¥se 1.0 ¢ Bpad Y%E.0 ¢ s (83 DV pa adall dalrall Y (B e

Biological treatment by effective microorganisms : dladl) Lal) LSl gl gl dlalaal)

photocynthetic LS e gqa0 effective microorganisms (EMI) aladll sl WK (e Glie 20003
to utilize solar . k_l).\_J_A}.\JS G Ol as) by el cudty A dedl) d8lall LaaslY bacteria
Leaiii b sa)SI Bl GlySull (e Gl aals SO aes LS 45 energy in fixing atmospheric water
+ 3yuaalls photocynthetic bacteria LS

astrong sterilizer it suppresses harmful microorganisms 438l CGWAIKH jLall Jadll Cagrg (598 adna AU aas iiayg
AT )A;.\} )}LLJ\ c;.uu} u.u;m d.m 4_1&};4;]\ saldll e.JA e d.uS)J\ IBP=PEN Q).\S.: c;.uu} ‘ MM\ salall c.:_.)mj\ A@J\ .J.J).\J
gl uh})s.m” Mg baie se sSh yilaalls ¢ il e s dasagall e Aygeand) sold) Awad B lea LG e 3l
Jie L Aladl) Jgally 4ygmall 30Wlly photocynthetic bacteria -+ 8)aall clySadly 4eY) (alea¥l oo clilall
useful 38 Jsa L@DLE ¢ root division [sdall aludily Aalull LA asiiy iledll leagin Al Gl Gligayed)

-\Y.e o
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Lol dlassy )i GlanesiiSY) ol ¢ Ciline iV iU aea LSy Jie Aladl 4adl @l substrates

2a dlgall 224y ¢ dygaall 33llly photocynthetic bacteria 5 3 8all 4awY) GalaaV¥l o GlgSuall 2 Jlse 0
Ao pun Ay ganl) 3alal) pagh o galididly da ) Jie lyyladll jaedss superess harmful fungi and bacteria <l Sl
0 g“_}\.:ij )S.\AX” ) aca J\jAj‘} Q\)L\J\ Gt\-\y

Table (34): Microbiological analysis of effective microorganisms

Microrganism Media culture S:el:::s}teatr_:gre‘s notes c%l’s;mrg?:ll)slml
Lactic acid bacteria
Lactobacillus 10 x 106
Acidophilus Carbohydrate Lactic acid, Anaerobic, gram-
Lactococcus (sugar, molasse) pseudocatalase | positive 1x 105
Pseudococcus
Streptococcus
Enterococcus
Aspergillus Organic matter Glucosoxidase, Anaerobic, gram- | 1x 105
penicilliodes amino acid antimicrobial positive
Photosynthetic bacteria
Rhodopseudomonas Organic matter, Converted CO, Anaerobic, gram-
Rhodobacter sunlight and H,0 to CH,0 | positive
Rhodomicrobium plus O, 2 x 106

Rhodospirillum

Saccharomyces
cerevisiae

Sugar, nucleac acid

Ethanol, carbon
dioxide

Aerobic,

positive

Anaerobic, gram-

or

Actionomyces

Bark, wood stems

Cellulase,
attacked tough,
raw plant tissue

Gram-positive

Source (Higha, 1995) * Colony forming unit.

H}JM\&)&\HEM'L)AMSMJ}LA@JAM\))\J‘M&C«}CAM\:

Preparation : uxail)

S 3..\.;»3.1 PRA| 65 w‘}fﬂ\} EMI &_I\h.\

4.‘\)51\ t\.s.\)\ T 6_\; u)n 4 Asj\ 5y ))S} e.mvi &1.8.1)\1 heap ?}S'U 3 ;\j@\ 4;)\1 \A.\; Tread J:uu.a:J ua‘)\ﬂ 6&:

Jud (Dl 25 gunny bag Giad oelS) 8 Al asyg ¢« % £ — ¥ dghall (gsine (6S8 () g ¢ aw V.0 =) heap

+ infiltration of rain water jUacY) olu cojuii aiag 48 ¥ oy ks yd gl vinyl sheet
o Bhall dapy il 13 sale jlagesis pUEL Al dap Dy 27€0-F0 Jsa Jueatll DA phall dnyn 58 o\ iy

_))\J\ u—uﬂ Tualy ¢ oas Y=Y 3ol «J).ﬂ JM;J\ Az g));j\ L)ASA dic ¢ gerate 4.-\-))@.\5 ‘J—\A dabud\ ))\J\ u.uﬂ ;ﬂﬂ
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Table (35): Chemical composition of wheat bran and rice straw before and after treatment

Item Wheat Rice B.T.Rice Item Wheat Rice straw | B.T.Rice
brean straw straw* brean straw*
Metabolizable Energy (K cal.kg) 1260 945 1750 Manganses (mg/kg) 113 400 -
Crude protein (%) 15.05 5.4 11 Sodium (mg/100g - 2.4 1.01
Ether Extract (%) 3.0 1.7 4.7 Selenium (p/100g 0.85 81 -
Carbohydrate: Vitamins:
Total Sugars % 0.41 - - Thiamin (mg/100g) 8.0 0.71 -
Nitrogen Free Exztract % 64.6 43.2 64.30 Riboflavin (mg/100g) 4.58 0.57 -
Crude Fiber % 11.00 31 9.7 Niacin (mg/100g J 168 10.8 -
Neutral Detergent Fiber % 36.9 80 49.3 Pantothenic Aci (mg{lOOg) 31 1.91 -
Acid Detergent Fiber % 12.1 25.5 10.20 Vitamin B6 (mg/100g 1.30 1.2 -
Acid Detergent Lignin % 3.3 4.8 3.70 Folate (ng/100g) 1.2 59 -
Hemicelluloses % 24.8 27.5 38.8** | Vitamin A (ug/100g - 8.4 -
Cellulose % 10.5 34 6.5 Vitamin E ?p.g/lOOg 14 1.21 -
Lignin % 3.3 4.5 3.6 Vitamin K (ug/100g - 1.45 -
Minerals: Fatty acids :
Ash (%) 6.4 18.7 8.3 Saturated Fatty Acid (g/100g) 0.63 0.54 1.98
silica (%) _ 14.0 2 z\g}){\osaturated Fatty Acids 0.14 _ _
Calcium (%) 0.14 0.19 0.8 fg"/'V““S)at“'ated Fatty Acids 2.22 0.92 1.07
Av ailable phosphorus (%) 0.38 0.1 1.5 Wax 1.6 3.7 0.2
Potassium (%) 1.19 1.2 0.1 Total Amino Acids : - 72 146
Magnesium (%) 0.52 0.11 - Lysine 0.61 0.53 0.42
Sulphur (%) 0.22 0.10 - Methionine 0.23 0.16 0.12
Cobalt {mg/kg) - 0.05 - Cystine 0.32 0.38 0.24
Copper (mg/kg) 14 5.0 - Methionine + Cystine 0.55 0.54 0.36
Source: Clawson et al. (1970). Jackson, (1978) * M.Adly, 2005 ** 22% soluble cellulose and 16.8% hemicelluloses =38.8
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Jojoba meal : Ll s
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pandiilly cylall dpdeVly Aphll Glpasiially Jueadll Glpastoe & gA) Vladn) Ay Geall A< Gyl Al 5l
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DAl Al & aagis (cyanomethylene, cyclohexyl glycosides) simmondsin

1% Simmondsin 2 Ferulate .

3

5-desmethylsimmondsin.
4,5-didemethylsimmondsin .
Uaens Jsid (Ao Jalii pudisand] e (53] GlSHe agiy ¢ pand Dilee 2ilSay JoSlal) o130 BaaS Jl LSl 23
el Ll A3l e gl 8 sall QI J,Slal o130 dueS L Alae 3wl 35 85 dgey gl illaia il
sl (oS 6 Aalll AR e Jalsal) (g5iase g A3 Asadl) 520y b Ailiae Clilae £ 18 (Sadl (o
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Ao glasl) Alalaall (Y)
ey n aes gl dlysiug aes aladiuly s sle 8 alill
« Ammonical hydrogen peroxide ausSs m Gy Lisa¥h dalaall -0
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Chemical composition of jojoba meal : Lol caus! (gglaisl) cusS )
OV il e Lkl e Jpemnl) (See a3 Bl 08 Blie orad S 35l %00 £0 Limsell sy (s5ind
5 O s g s silly N 58 S Ly Y s silly Nl 5yl Aaal) lea] (o AL e sgings ¢ iy
o Aol 4 L Gl Sl odag Triacylglycerol Jg puds JSI)
Major components : (¢xSl) ciligSal)
laal) o aaell Lisasel) ol slajlly Hal G, lad) caally Gladl cyiglly Apglayll Ayshal) ol Jaks 1(Y1) Jpon

HP RGN

References Moisture (%) CP (%) EE (%) CF (%) Ash (%)
Siegmund and Fraser (1973) - 27.0 - 12.0 3.9
Verbiscar et al. (1980) 5.8 24.1 1.6 11 49
Verbiscar et al. (1981) 4.8 25.6 1.3 8.5 3.6
Ngoupayou et al. (1982) 5.8 29.06 2.0 11.0 49
Utiz el al. (1982) - 27 - 12 3.9
Swingle et al. (1985) 4.8 25.6 1.3 8.5 3.6
Manos et al. (1986) - 25.6 8.63 - 3.67
Medina and Trejo (1990) 4 24.6 10 9.5 3.7
Abbott et al. (1996) - 27.4 11 14 2
Ham et al. (2000) - 26 12.3 - -
Shrestha et al. (2002) - 25 - - -
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Amino acid contents : i) (alaa¥) o giaa

Lnd¥) (el ginag ¢ sl e %Y=) a50a 8 Aaull) L) Galeal) alaag cpigiell A e Lsasell s

¢ ol g b dpasall (e Sly WA Ligeal) U3 (g 0 csine Lo dolay

Lioaogd) coust Auiual) (yalaal) ggina :(¥Y) Joaa
Amino acid composition (%) of Jojoba meal

References
kel c B ] Q
) S_|e | =& 8A o w g v S _|E_|o_ | -G—C)A °
£ |23 |2 |5 |£2 |53 (22|32 |53 |53 |28 |Sg|sP |85 |f5 |58 |8 ¢
o< 5 wL | 8§ O |39 |5 | 2= | 22 22 | £2 o Oa o o> o R 2
3= e 2= | & c= = | 2= = | = v | | s= 5= | S 22 |1 &= | &
< aQ < > 3= (U] T I = 7] (7] [N fis = @)
< = c = = = [
< [G] o
gg E 0.95 3.11 181 | 089 | 279 | 141 | 049 | 087 | 1.57 | 1.11 | 0.21 | 1.07 | 1.10 | 1.05 | 1.19 | 1.22 | 1.11 -
] 3
52
28
o o
§§ 2 0.83 218 | 156 | 049 | 240 | 150 | 047 | 0.78 | 1.46 | 1.05 | 0.19 | 0.92 | 0.96 | 1.04 | 1.10 | 1.14 | 1.04 -
<
Ngoupayoy et al. (1982) - - 1.60 - - - 04310941163 ]0.66 026 1.05 - 091 | 138 [ 1.19 - 0.85
Manos etal. (1986) 0.72 1.65 1.02 - 194 1124 1035065 [ 135039 | 013084 [ 091 [0.71 [ 094090 0.76 | 0.27

« ol First limiting amino acid Js¥) aasall Jue¥) (aclall -
« uxd Second limiting amino acid (SG sasall ) (aaslsdl -
+ Oasd syl Third limiting amino acid (SGI casall ) (aeladl -

Major anti-nutritional factors in jojoba meal : Ligdsgll cus B o,<h) 03N 8 Jaleall

A e Gl dalse goints dabu ale 3 Ol ¢ e g o (s5ing (el Gupll padainl aas Lisasel) S
dejall Cia sl 13 alasiul e 2a3 cyanogenic compounds lSse oas ¢ salll Jlig JSL) 613 A Jl
O amall (8 b aalle Voe dpen A oSadd) ey Gl ana 35 aba SLS/HON aalle Yoo— .0 alud) e disedl)
: e dale g Sl desane %10 Jlon Lishsel) o (siny + Sl ) Jusnl DIA (o dels Y8
Simmondsin, 5-dimethyle simmondsin, dimethyl simmondsin, analog with simmondsin, 2 -ferulate, 4-

demethyl simmondsin 2 -ferulate and 5-demethyl simmondsin ferulate.
: for 100 genetypes %) Y.Y — %)).Y cul€ simmondsin cliibia aua o gia

Simmondsin

Simmondsin-2'-ferulate
Simmondsin-3'-ferulate

(€A ) &

R2'=H R3'=H
R2' = ferulic acid moiety R3'=H
R3' = ferulic acic moiety R2'=H

14 15
ferulic acid moiety

Fig (1): Structure of simmondsin and simmondsin ferulates. -
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Simmondsin and simmondsin—2-ferulateaes ClawssSalall dgagl Gloall 40325 8 Lgasedl S alasinl Lgall (a5
olplie (5e Adlad JS) a5 related cyanomethylen glycosides u\m}&\u\ Laly dalual) LS yal) ?“‘ fad Al
¢ 4.5.\333‘ c«\_\a\}“_! 6.4...4@\ )\.@AJ\ 63 fal Az eL.A\ LA).\.}L\ )@.L.\j 4.3}):.4 Y LA).\.}LJ )@.L.i} 4.9}):.4 P LA).\.}L\ MSAJLS.\A}
¢+ HON il s yael) e Bllabg ) g
Lgdsed) oSy 5ol B daladl culiSyall 5855 :(¥A) Jgda
Concentrationa of simmondsin and simmondsin 2 -ferulate in jojoba seed and meal

References Simmondsin (% Simmondsin 2- ferulate
Verbiscar and Banigan (1978)* 2.34 0.75
Veriscar et al. (1981) 6.2 15
Ngoupayou et al. (1982) 4.2 0.5
Swingle et al. (1985 4.2 1.30
Wiseman and Price (1987) 5.0 -
Medina et al. (1988 4.6 1.8
Medina and Trejo (1990) 4.6 1.8
Cokelaere et al. (1993a) 3.6 0.7
Arnousts et al. (1993) 4.15 0.7
Cokelaere et al. (1995b) 4.2 1.3
Decuypere et al. (1996) 4.15 0.70
Ham et al. (2000) 3.6 1.2
Lein et al. (2002) 4.62 -
Benzioni et al. (2004)* 29-7.7 0.6-15
Bellirou et al. (2005) 4.5 -

~*-Tnjojoba seed.
— +.0 Ou zoli Simmondsin 2-ferilate S35 %T.Y-Y.1 G zslis Simmondsing 385 ) dsaall e el
« Loagell € 8 %) A
dalolidll il
e pgiy Mally gl 3 ) slal) b clililly il gidally Gl sidl) Gmen Jio sl LSyl (e e 2a
OSep cliidall sa 5 Cinammic acid  cliabipdly clys il el Gliide ge 3)le Al CUSyally + digall (o at08
Cilplailly iy Saal) 2 e Fpals b Al LSl o3y ¢ JS il s uel e sone Sl logle Jpuasl
i e ToA Lishsell oS (s5ings e pada Ll ¢ gleall Leleds Uyl s
¢ Adgnd le}d\ UAL\S‘)A} szﬁ\ Gyinall lws s sl (e um})ﬂ\ Cluyig .L:.D.a =Y algud AsJ}" Al e il
s Lspsell S sty ¢ AL LA Lehaaly ¢ an [ aalle Yoo e BIES B Lsasedl Oisn 3 Vs el (s
il ) g Y il s %Y Agiaall DR Laiy oyl CoSESY 3 saill (i Cans il Gmes % 1.0 dasssial)
vl ol eIy e
Trypsin inhibitors : ¢pw il ciladia
Protease gl cilladial 30 Alile A elac) a5 2810l e Jalsall aal Anti-trypsin factors (il aa Jalgall
< Ape il cileldlly paliaia¥ly aagll Jadd doa gl gl cililaall 8 30ls Glhlaaal il 4 inhibitors
3-6 TIU/g and 0.12 - 0.75 TIU/g in the albumin fraction. (s sl (g2 Cpan il Jadfia e Lgagell s (g4iady
Saponine : (wigla
ot Foam (s e 5l Leds 5l paka Ledy SBLAl gy Bluad auls 530 (A Bagasas SlamsSsla e Ble gl
. )).J:ﬂ\ @‘J@ L:J\ d}).wd}ﬁ\ 6._91.;4.\ u.u}\u\ g_uub d_\h_dj }A.ﬂ\ Camin g ¢ ;Ld\ Qeng
Detoxification of toxic factors : 4l & Jalenll diaw 41
Al Gl il gl Cilegans pagaty Jadaiy ) L Aadijall @wd\} simmondsin Ahl dend) A Sllee a0
d)LuMJJH}MoJP}A‘uAWdS\
Detoxification by heat treatment : & sl dlalaall : Yo
MOist  dushay 255 b Bhally Alalao GlliS; °IT0 Aoy Lo zgihe Chind (1 b Cilall Candlly Listsel) ca Jalay
NIy Bl aza 288 dy)hal) Alaladll dagiiy ¢ Glele EDE3ad W°) v v Hha Aapy Je DISEY) A heat treatment
ol Al 3 U % A ¢ %YYL simmondsin , simmondsin — 2-ferulate <lgiue Jliys 4l Jagiag
. \._4,)‘);4_\2‘)5\ ALLJ\‘UL:GA&_\.“:SHO/O~ YA« %04 t:a));‘ut;l\
Alaaally ¢ Aaladl silandl Ao gane Adlad w3 ¥ Sl ler Ayl lSyaly putigasdl JIs3 Ahadl Alelaal) Gl
dat e ol i dadi ¢ JA) ol Gl Hand) Al Aglee b Allad e 5y 50l Alle Bl Aay e Hilal) Ayl
¢ lS5e o ol (s iy Jlaall o Ll dlelaally ¢ VY4 B
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Detoxification by chemical methods &;gla) dlalzall : Lils

V) ) Cadal) dlalaall Calaa¥! sas) sl 8 dalal) alsall & gilia) Cilesene Joaxd o) sty 4 glasSl) dlalaall et
Glre e (8 LigeYh dlalaall oSeall (o Lsasell sl dand) dlljls ¢ piluall Cilesene (e dan J8 Claw) o) Gl 8l
& Bl 335 asend) Ay Jaoat Y0 p3g Alalaall Eéj alias 3))ally scaled up Sl adng LisaY L Alalaall J)SJ}
2S5 5360 by ((Oslla ©) Cilala DG b Lisasell oS gy o Aediadll Bl ey ¢ Caadll CDlelis b 20
oda dafiiy ¢ il e oas Yoo ol £4 500 (J13) 2200 el o) (J29) sl A e pngis alSaly Ji o saY)
sl vov) vl 3 %0 T vt ) 5|mmond5|n and simmondsin — 2" ferulate S5 Ju dlaledll
S Ja Laasedl w8 e Ammoniacal hydrogen peroxide iy o) s ol e J13 ¢ J29 Jalxdl
had Lyga¥l dlaleall cuil€ 3l %002 A %€.0 (e simmondsin ssise Jo Aela €4 aa5 Gasn A Simmondsin
Ammoniacal hydrogen ool Quilsycan fr 4 %1 L simmondsin Ji sl o)
Alhadiul e Gag ¢ Oiele PR Glawd I sbadl Ao iy A Gueaigenad] Sl Jeladl e peroxide
Ammpniacal  Allaall ZUady ¢ dpandl ABY 2P Alalaall Gy andds il Liga¥) e SS) 2o Gang el
LY Alalaall aplad Zow o) dsed ) 25)aall aalg & 90ul Nss hydrogen perOX|de

Detoxification by microorgansisms : 4adal ¢Layl dlalaal) : GG

1o liay ¢ Jalaall sl b Gigal) (st 23 3 A58 s LaY) gai me il Ay 50SH same Aelud) il S slall
t Jadiy alud) dgall jy0nts Listsell o€ e satll e 380 L) 4583 el (o g3

Saccaromyces cerevisiae, nine strains of Lactobacillus acidophilus, and fire strains of lactobacillus

bulgaricus.
«Simmondsin + simmondsin—2"-ferulate Clisius J& 2"V 3)ha Aa)y Ao 488l o LaWh Alaleal) (30 asa ¥ 2rag

vl e % VE = o YE e — Y g b

Lisdogd) s A Aalad) LS pall 4 gial) Conadl) A:. dalisal) edlalaall il (1"%) Jeda
Effect of some treatments on simmondsin detoxification of ondsin detoxification of jojoba meal meal

Treatments | Simmondsin (%) | Detoxifixation (%)
Raw jojoba meal 3.50+0.06° -
15 min 2.70+0.03° 22.90
Boiling water 30 min 1.60+0.01° 54.30
45 min 0.85+0.02°" 75.70
15 min 0.93+0.01° 73.40
Autoclaving 30 min 0.57+0.04™ 83.70
45 min 0.45+0.01" 87.10
Ammonical hydrogen Ay 0'45i0'03:: 78.14
peroxide A, 0.08+0.04 97.70
Az 0.48+0.02"" 86.30
Phosphoric acid 2hr 0.8010.05'5‘: 77.10
(PH 2.5) 4hr 0.63+0.04 : 82.00
6hr 0.37+0.01 89.40
Phosphoric acid 2hr 0.9710.01?: 72.30
(PH 3.5) 4hr 0.9240.03" 73.70
6hr O.57i0.06”:‘ 83.70
Phosphoric acid Zhr 1.3020. Osuel 62.90
(PH 4.5) 4hr 1.20+0.02 66.60
6hr 0.58%0.03™ 83.40
Hydrochloric acid Zhr 0.9920. 04?: 71.70
(PH 2.5) 4hr 0.4940.05 86.00
6hr 0.35+0.01' 90.00
Hydrochloric acid PAIl; 0'84i0'01:i':i 76.00
(PH 3.5) 4hr 0.7710.05m 78.00
6hr 0.66%0.03™ 81.00
Hydrochloric acid 2hr 1.201-0.02‘:: 65.70
(PH 4.5) ahr 0.94%0.01° 73.10
6hr 0.65’;0.02IJ 81.40
Significant
A; = 10mol NH,OH + 5 Mol H,0, =20mol NH,OH + 10 Mol H,0, As; = 30mol NH,OH + 15 Mol H,0,

- Mgans of e%cg colum followed by the same letter are not significantly different at the 5% level according to Duncan s Multiple Range Teste.
indicate P<
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Chemiacl composition of raw and treated jojoba meal
Jojoba meal

Items Raw Treated
Moisture % 3.90 7.48
Crude protein % 26.57 32.06
Ether extract % 22.52 11.37
Crude fiber % 10.40 10.02
Ash % 3.51 3.12
{NRC, 1994])

Salaall g Jalaall Liohsedl cont Lada g Loals Jiaitt ALARY 48Ual) :(£) Joaa

AME = Apparent metabolized energy.

** AMEn = Apparent metabolized energy after nitrogen correction.

*** TME = True metabolized energy.

**** TMEn = True metabolized energy after nitrogen correction.

Jalaally ?&‘ Liod o) unsd AL [ alaa) Sy i (£Y) Joa

Apparent and true metabolizable energy (Kcal/kg) of raw and treated Jojoba meal
ltems Jojoba meal

Raw Treated
Gross energy 5102.00 5098.00
AME™ 3321.35 3316.39
AMEn ** 3183.47 3263.39
TME*™* 4779.45 4774.49
TMEn **** 4490.43 4570.35

Amino acid composition of raw and treated Jojoba meal
Am_ir-m acids Jojoba meal (%) — Soybean meal
Raw Treated (%)

Asparatic 2.18 2.33 Not mentioned

Methionine 0.20 0.21 0.62

Theronine 1.11 1.08 1.72

Serine 0.90 0.98 2.29

Glutamic 2.59 2.84 Not mentioned

Proline 1.10 1.19 Not mentioned

Glysin 1.70 1.78 1.90

Alanine 0.91 0.88 Not mentioned

Cystein 0.89 0.88 0.66

Valine 1.15 1.13 2.07

Isoleucine 0.66 0.69 1.96

Leucine 1.46 1.45 3.39

Phenylalnine 1.05 1.01 2.16

Histadine 0.49 0.56 1.17

Lysine 0.70 0.73 2.69

Arginine 1.69 1.78 3.14

{NRC, 1994])

Liodsgd s (a dawla) Aoy alaal) Juda H(EY) Jeda
Essential amino acid index (E.A.A.l.) of jojoba meal %rotein (Oser, 1951)
Ami i g amino acids / kg protein
mino acids Jojoba meal
Whole egg Raw Treated

Arginie 70 63.61 55,5
Histidine 24 18.44 17.50
Lysine 75 26.35 22.80
Leucine 92 54.95 45.20
Isoleucine 77 24.84 21.50
Methionine 40 7.53 6.50
Met+Cystine 63 471.02 34.10
Phenylalnine 63 39.50 31.50
Theronine 50 41.78 33.70
Valine 78 43.28 35.20
Glycine 37 63.98 55.20
Glycine+Serine 112 97.85 86.08
E.AA.l 100 61.60 52.10

* Caculated whole egg basis.
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Amino acids composition and chemical score in raw and
treated Jojoba meal compared to broilers requirements

AN = .
NRC 1994 A.A (%) in foJOEa A.A (%) in crude protein Ch?m'ctfl scor? of
Amino acids | requirements mea 0joba mea
(%) Raw | Treated NRC 1994 Jojoba meal Raw Treated
requirements | Raw | Treated
Arginine 1.25 1.69 1.78 5.43 6.36 5.55 117.13 102.21
Histidine 0.35 0.45 0.56 1.52 1.69 1.75 111.18 115.13
Lysine 1.10 0.70 0.73 4,78 2.63 2.28 55.02%* | 47.69%*
Leucine 1.20 1.46 1.45 5.22 5.49 4.52 105.17 86.59
Isoleucine 0.80 0.66 0.69 3.48 2.48 2.15 7126%** | 61.78%**
Methionine 0.50 0.20 0.21 2.17 0.75 0.65 34.56% 29.95%
Phenylalanine 0.72 1.05 1.01 3.14 3.95 3.15 126.20 100.64
Theronine 0.80 1.11 1.08 3.48 4,18 3.37 120.11 96.84
Valine 0.90 1.15 1.13 3.91 4.33 3.52 110.74 99.03
*) First limiting amino acid.
**) second limiting amino acid.
**%) Third limiting acid.
@M\J Lot ogd) s Auiiad) (alaal) e Jalea (26) Jgda
Amino acids digestibility trial of raw Jojoba meal
: - Amino acid (mg/100g True amino acids
Amino acids Intake ‘ Excreted ‘ /ig&e?;eerét | AA.D. (%) ‘ CE))I(’(IE(Z?:E?(?n ‘ True retained digestibilty
Indispensable
Arginine 523.9 180.0 343.9 65.6 99.7 424.2 80.90
Histadine 151.9 75.5 78.4 51.6 54.8 97.1 63.9
Isoleucine 204.6 76.5 128.1 62.6 54.5 150.1 73.4
Leucine 452.6 148.5 304.1 67.2 103.4 349.2 77.2
Lysine 217.0 93.0 124.0 57.1 64.4 152.6 70.3
Methionine 62.0 24.0 38.0 61.3 15.2 46.8 75.5
Phenylalanine 325.5 103.5 222.0 68.2 60.6 264.9 81.4
Theronine 344.1 126 218.1 63.4 97.4 246.7 71.7
Valine 356.5 121.5 235.0 65.9 89.6 266.9 74.9
Dispensable
Alanine 282.1 103.5 178.6 63.3 70.5 211.6 75.0
Asparatic acid 675.8 229.5 446.3 66.0 176.7 499.1 73.8
Cystein 275.9 115.5 16.4 58.1 94.6 181.3 65.7
Glutamie acid 802.9 264.0 238.9 67.1 184.8 618.1 76.9
Glycine 527.0 169.5 330.5 62.7 128.3 398.7 75.7
Proline 341.0 120.0 221.0 64.8 87.0 254.0 74.5
Serine 279.0 1125 166.5 59.7 77.3 201.7 72.3
Jalaall Lot o oy Aina¥) (abaa¥) acad Jalea 1(£1) Jgaa
Amino acids digestibility trial of treated Jojoba meal
: : Amino acid (mg/100g) True amino acids
Amino acids Intake ‘ Excreted ‘ ég&?:g&t A.A.D. (%) ‘ ci)l('ﬁgﬁ?c?n ‘ True retained digestibilty
Indispensable
Arginine 551.8 1712 380.60 68.97 9.9 640.9 83.53
Histadine 173.6 72.0 101.60 58.53 53.3 120.3 69.30
Isoleucine 213.9 73.6 140.30 65.59 51.6 162.3 75.88
Leucine 449.5 142.4 307.10 68.32 97.3 352.2 78.35
Lysine 226.3 89.6 136.7 60.41 61.0 165.3 73.04
Methionine 65.1 20.80 44.3 68.05 12 53.1 81.57
Phenylalanine 313.1 96.00 217.1 69.34 53.1 260.0 83.04
Theronine 334.8 121.60 213.2 63.68 93.0 241.8 72.23
Valine 350.3 110.40 239.9 68.48 78.5 271.8 77.59
Dispensable
Alanine 272.8 97.60 175.2 64.22 64.6 208.2 76.32
Asparatic acid 722.3 230.40 491.9 68.10 177.6 544.7 75.41
Cystein 272.8 116.80 156 57.18 95.9 176.9 64.85
Glutamie acid 880.4 281.60 598.8 68.01 202.4 678 77.01
Glycine 551.83 192.00 359.8 65.20 123.8 428 77.56
Proline 368.90 123.20 245.7 66.60 75.2 293.7 79.63
Serine 303.8 116.80 187 61.55 81.6 222.2 73.14
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Minerals content in raw and treated Jojoba meal

Jojoba meal

Items Raw Treated
Ca (%) 0.12 0.13
K (%) 0.84 0.87
A 035 0:33

(o] . .

Na (ppm) 89.00 85.00
Cu (ppm) 25.50 30.00
Zn (ppm) 38.50 40.00
Mn (ppm) 25.30 30.00
Fe (ppm) 397.50 400.00
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