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ABSTRACT

Chemical and biological studies were carried out to compare three samples
of jojoba with soybean meal (SBM), sunflower meal (SFM) and rapeseed meal (RSM)
as plant protein sources. The jojoba samples were jojoba seed (JS), extracted
crushed jojoba seed meal (JM;) and extracted whole seed jojoba meal (JM,).
Chemical evaluation, metabolizable energy assays, protein digestibility and amino
acids pattern and availability were studied. The results of protein content of JS, JM;,
JMz, SBM, SFM and RSM were 14.18, 24.95, 31.29, 47.74 3839 and 35.22,
respectively. Among the ten essential amino acids assayed, the 1* limiting amino acid
(LAA) in JM; and JM; was methionine and the 2™ was lysine. Chemical score and
essential amino acid index (EAAI) for all tested materials were estimated. The AME
values (Kcal/g DM) were 4.095, 3.153, 3.110, 2.494, 2.428 and 2.312 for JS, JM;, JM;,
SBM, SFM and RSM, respectively. Coefficients of metabolized GE as well as some
relationships among four estimates of metabolized GE as well as some relationships
among four estimates of bioavailable energy were discussed.

The mean values of Apparent amino acid availability (AAAA) were 67.42%,
71.99%, 76.49%, 82.58%, 84.50% and 75.37% for JS, JM,, JM;, SBM, SFM and RSM,
respectively. The mean values of True amino acid availability (TAAA) were 86.29%,
83.62%, 85.82%, 88.01%, 92.28% and 83.77% at the same order, respectively. The
apparent protein digestibility (APD) and true protein digestibility (TPD) for JM; and
JM: recorded higher values than for JS, however, the values were nearly close to
those obtained with some other tested materials. The most important aspect that
should be taken into eonsideration in future work is the toxic compounds found In
jojoba meal. Jojoba meal should be detoxified to be accepted as an ingredient in
pouitry feed. It should be noted that no toxic effects appeared in the present work
because the birds were fed small amount of feed (35g) for one time only. In
conclusion, the jojoba meal, as a by-product of jojoba seeds, is a promising feedstuff
after being detoxified.

Keywords: Chemical evaluation, biological evaluation, jojoba meal, plant protein
sources, poultry nutrition.

INTRODUCTION

The jojoba plant (Simmondisa chinensis) is a native oilseed shrub in
the semiarid regions of Southern Arizona and California and Northwest
Mexico.

Jojoba seed contains about 50% oil and light-gold colored ester liquid
wax. Jojoba wax (called oil) is characterized with high viscosity, high flush
and fire point, high stability, low volatility and is not affected by temperature
up to 300L. It is composed of straight chain Cz and Cy, fatty acids and
alcohol and 2 unsaturated bonds. The average carbon chain length is 42
carbons. (Undersander et al., 1990). '
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The oil is not toxic and resistant to rancidity (Benzioni, 1997). The
jojoba oil does not contain cholesterol or triglycerides and is not broken down
by normal metabolic pathways. It is used mainly in cosmotic, hair products,
high pressure lubricant, in computers and electronic industries, (Undersander
et al., 1990).

On extracting by using screw pressing, the oil of jojoba plant is
removed and the residue being jojoba meal contains 26-30% crude protein as
reported by Verbiscar and Banigan (1978), and Wisniak (1987). The meal
contains a group of glycosides, known as food intake inhibitors containing
simmondsin, being the most toxic factor. (Benzioni, 1997).

The Egyptian Natural oil company introduced jojoba plant in Egypt. It
has been planted in areas near Ismailia with crop promising production. As
the plant requirements for water in volume and quality is very moderate, it is
expected that it will be propagated in the Egyptian deserts.

The present work is planned to start a research project on the jojoba
meal in respect to its use as an ingredient in poultry feeds. The first piece of
work will handle the nutritional value of the raw meal.

MATERIALS AND METHODS

The present work was carried out at the Central Laboratory for Food
and Feed (CLFF), Agricultural Research Centre of the Ministry of Agriculture,
Egypt.

Materials: 5

Three samples of jojoba were used, one sample of jojoba seed (JS)
and two different samples -of jojoba meals (JM; and JM,). Oil had been
extracted by press extraction process. Sample JM; was crushed before
extraction and sample JM, was extracted as intact seed. Samples obtained
were cultivated by Egyptian Natural Oil Company. The samples of jojoba
were compared with three samples of other plant protein sources, being
soybean meal (SBM), sunflower meal (SFM) and rapeseed meal (RSM)
Representative samples were taken for analysis.

Methods:
I. Proximate composition
All samples were analysed for their proximate composition which was
carried out according to A.O.A.C (2000). Triplicate sub-samples were used
for each determination. Nitrogen free extract (NFE) was calculated by
difference. S -
Il. Metabolizable Energy (ME) TR,
"The ME assay was carried out according to the TME system
described by Sibbald (1976) and developed by Sibbald (1986). A number of
20 adult cockerels of nearly similar body weight were allocated individually in
metabolism cages providing facilities to collect excreta free from feathers and
feed. Feed and water were provided ad libitum. Five birds were individually
used for each test material. Birds were fasted for 24hr to empty their digestive
tract and then force-fed 35g test material. Five birds were kept starving for
the determination of the endogenous losses. Excreta were collected after
48hr, free from any feathers, dried at 60°C, equilibrated with atmospheric
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moisture, weighed, ground and kept for analysis. Gross energy value of the
test materials and the excreta were determined using an adiabatic oxygen
bomb calorimeter. The energy values (AME, AME,, TME and TME,) were
calculated as described by Mohamed et al. (1988).

True metabolizable energy corrected to zero nitrogen balance (TME,) was
calculated as follows (Parsons et al., 1982 and Sibbald, 1986).

FEf_[ EEs#+8.22 N[] +[EE, +8.22 N, ]

TME, (Kcal/g dry matter) =
F
Where:
FE; : The gross energy of the total feed consumed
EE; . The gross energy of the excreta collected from the fed bird.
EE, : The gross energy of the excreta collected from unfed bird.
Ny : g nitrogen retained by the fed bird.
Ny : g nitrogen retained by the unfed bird.
= : g of feed intake.
8.22 : The energy in Kcal/g N retained or lost by the bird.

The classical metabolizable energy (AME) and its correction to zero
nitrogen balance (AME,) could be calculated as followas Sibbald (1986).

FE;— [EEf + 8.22 Ny

AME, =
F
Where:
FE; : The gross energy of the total feed consumed
EE; : The gross energy of the excreta collected from the fed bird.
Ny : g nitrogen retained by the fed bird.
F : g of feed intake.
8.22 : The energy in Kcal/g N retained or lost by the bird.
ME value
Coefficient of metabolized GE = _ X100
Its GE value

lll. Proteins and amino acids
a. Proteins .
Protein digestibility values were determined using sub-samples of the

-excreta collected from the TME assays. The method of Terpstra and Dehart
(1974) was used for distinguishing between urinary nitrogen and faecal
nitrogen. In this method, uric acid was hold in solution by formaldehyde then
faecal nitrogen was precipitated using lead acetate.

From the faecal nitrogen, the apparent digestibility of the feed protein was
calculated. Apparent protein digestibility (APD) was calculated as follows:

(g) Nitrogen intake — (g) faecal nitrogen excreted

(g) Nitrogen intake
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When the protein excreted from the starved birds is considered, the
true protein digestibility (TPD) could be calculated as follows (Mohamed et al.,
1991)

(@) Nitrogen intake — [g Nitrogen excreted - g Nitrogen excreteﬂ
from fed bird from unfed bird __
TPD= X 100

(g) Nitrogen intake

b.Amino acids

Amino acids composition, except for tryptophan and tyrosine, of the
test materials and excreta were determined according to the method of the
Official Journal of the European Communities, (19-9-98). High performance
amino acid Analyzer, Beckman, 7300 was used.

Apparent and true amino acid availability (AAAA and TAAA), values
were calculated as described by El-Sherbiny et al. (1988) and Mohamed et al.
(1991).

AA| - AA
AAAA = x 100
AA,
AA - (AA - AA,)
TAAA = x100
AA,
Where:
AA, : Total amount of AA consumed by the fed bird.
AA : Total amount of AA voided in excreta of the fed bird during 48 hour

collection period.
AA, - Total amount of AA voided in excreta by the unfed bird during
48hour collection period.

RESULTS

I.  Proximate composition
From Table (1), it is apparent that irrespective of JS, the
crude protein (N x 6.25) content of JM; and JM; are the lowest compared to
those of SBM, SFM and RSM samples. It is also noted that EE for both JM,
and JM; are the highest compared to the other meals. The ash content on the
other hand showed the lower values for JMy and JM, than the other meals.
Crude fiber content of the J.S. is the lowest, while that for JM,
showed the highest.
Il. Metabolizable Energy
Table (2) presents the gross energy (GE), apparent metabolizable
energy (AME), AME adjusted to zero nitrogen retained (AME,), true
metabolizable energy TME and TME adjusted to zero nitrogen retained
(TME,).
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Table (1): Proximate composition (%) of JS, JM,.-JMz, SBM, SFM and
RSM (on DM basis).

Feed DM CcP EE CF ASH NFE

JS 95.20 14.18 31.39 4.75 2.00 47.68
JM1 92.40 24.95 18.33 21.00 3.47 32.25
JM2 93.00 31.29 11.01 15.67 3.94 38.09
SBM 90.70 47.74 0.78 7.19 6.22 38.07
SFM 92.20 38.39 1.02 19.77 AT 33.65
RSM 93.69 35.22 8.11 12.50 T.47 36.70

Table (2): Metabolizable energy values {Kcal/lg DM) and coefficients of

gross energy metabolized for JS, JM,, JM,, SBM, SFM and
RSM.

Coefficients of metabolized GE

Feed GE AME AME, TME | TME, AME | AME, T™™E T™E,
JS 5.760 | 4.095 | 3.825 | 4264 | 4106 | 71.09 | 66.41 | 74.03 | 71 .28

JM, 4.632 | 3.153 2.866 | 3.305 [ 3.170 | 68.07 | 61.87 | 71.35 | 68.44
JM, 4.328 | 3.110 | 2.733 | 3.172 | 3.060 | 71.86 | 63.15 | 73.29 70.70
SBM | 4450 | 2494 | 2.291 2866 | 2.640 | 56.04 | 51.48 | 64.40 | 59.33
SFM | 4298 | 2.428 | 2409 | 2.846 | 2.490 | 56.99 | 56.05 66.22 | 57.93
RSM | 4543 | 2.312 | 2.235 | 2562 | 2.396 | 50.80 49.20 | 56.39 | 52.74

The GE value of jojoba seed recorded the highest value 5.760 Kcal/g
DM mainly due to its high fat content. The GE value of the tested RSM was
within the range of 3.819 to 5.043 Kcal/lg DM given by Bell and Keith (1991)
on examining several samples of RSM of different cultivars. The GE of tested
SBM recorded 4.450 Kcallg DM, was almost similar to the GE found by
(Mohamed et al., 1988). Variations in GE content of JM, and JM, could be
attributed to their composition, especially the ether extract content. Not all the
gross energy content of a feedstuff is available to the bird. The bicavailability
of energy was measured as metabolizable energy which is considered to be
the reliable value in evaluating poultry feeds.

The AME, of JM, 2.866 Keallg DM was slightly higher than the
corresponding value of JM, 2.733Kcal/lg DM and both these values were
higher than SBM, SFM and RSM. The same sequence was obtained for AME
values being 3.153, 3.110, 2.494, 2.428 and 2.312 Kcal/g DM for JM,, JM,,
SBM, SFM and RSM, respectively. It should be noted that the AME values at
zero nitrogen retention (AME,) were lower than their corresponding values of
AME. The TME of JM; 3.305 Kcal/lg DM was slightly higher than the JM,
being 3.172 Kcal/g DM and both values were higher than the_other tested
meals that recorded 2.866, 2.846, and 2.562 Kcal/g DM for SBM, SFM and
RSM, respectively. The J.S recorded the highest TME value being 4.264
Kcal/g DM. It is clear that the true metabolizable energy values corrected to
zero nitrogen retention (TME,) were also lower than their corresponding
uncorrected values (TME). The reduction was mainly due to the large
nitrogen losses by fasted birds compared to fed birds (Parsons et al., 1982).
The TME, value of JM, 3.170 Kcal/lg DM was slightly higher than the JM,
3.060 Kcal/g DM and both values were higher than the other tested meals
that recorded 2.640, 2.490 and 2.396 for SBM, SFM and RSM, respectively.
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The coefficients of GE metabolized values nearly followed the same
trend as those for ME values being the highest for TME which ranged from
56.39 for RSM to 74.03% for JS. The lowest values were recorded for AME
being ranged from 50.89 for RSM to 71.09% for jojoba seed.

Relationships among the four estimates of bioavailable energy are
presented in Table (3).

Table (3): Relationships among the four estimates of bioavailable

energy.

Ingredient TME/AME TME/AME, TME.AME,
J.S 1.041 1.115 1.073
JM4 1.048 1:153 1.106
JM: 1.019 1.161 1.120
SBM 1.149 1.251 1.152
SFM 1.172 1.181 1.034
RSM 1.108 1.146 1.072

Mean value 1.090 1.168 1.093

The data presented in Table (3) led to the conclusion that TME
requirement of a bird equals 1.090 times of its AME requirement or 1.168
times of its AME, requirement while TME, requirement equals 1.093 AME,
requirements. The derived ratio of TME/AME, (1.168) in the present study
was higher than those obtained by Sibbald (1982) for alfalfa meals and corn
(1.016) and the ratio obtained by Yamazaki (1987) which averaged in 1.13
(ranging from 0.964 for sesame seed meal to 1.059 for rapeseed meal), but
nearly close to those obtained by Halloran (1980) for corn (1.16), Mohamed
et al. (1988) for poultry by product, fish meal, hydrolyzed feather meal and
soybean meal (1.17). In the present study, TME,JAME, average ratio was
(1.093) (ranging from of (1.034 to 1.152) being higher than that reported by
Yamazaki (1987) which ranged from 0.954 to 1.22 with an average of 1.06.

From the present study. a conversion factor obtained by
mathematical and statistical evaluation could only be an approximation. This
system of arriving at a set of TME requirement will make it possible for feed
formulators to adopt to TME system of energy measurements.

Proteins and amino acids
a.Proteins:
Table (4) shows the apparent protein digestibility (APD) and true
protein digestibility (TPD) values of the JS and both JM; and JM; in
comparison with the other plant protein sources in the present study.

Table (4): Apparent (APD) and true (TPD) protein digestibility (%) of JS,
JM,, JM,, SBM, SFM and RSM.

Sample APD TPD
JS 54.71 75.39
JM, 66.79 78.90
JM, 74.81 84.40
SBM 85.52 91.98
SFM 78.61 86.50
RSM 78.96 87.42
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Table (5) presents the concentration of amino acids determined (calculated
as g/16g nitrogen) of the experimental samples.
Table (5): Amino acids composition (g/16gN) of JS, JM,, JM,, SBM, SFM

and RSM. ¥
Amino acid JS JN1 JM2 | SBM | SFM | RSM
Aspartic acid 9.59 8.63 900 | 1082 | 1000 | 5.04
[Threonine 4.79 4713 4.60 4.02 362 422
[Serine 4.37 4.47 4.05 5.09 3.78 418
Glutamic acid 10.01 | 1089 | 1052 | 11.96 | 16.83 | 1471
Proline 4.02 4.34 4.19 4.88 367 524
Glycine 8.11 8.50 8.18 4.86 6.56 4.89
[lanine 374 377 364 4.96 4.77 391
|Valine 5.08 4.38 4.33 530 | 547 4.52
Iso-Leucine 3.74 3.04 299 | ars 4.06 3.50
[Leucine 6.49 6.29 6.29 8.32 6.23 6.81
[Phenylalanine 6.84 3.77 3.78 5.30 - 4.56 3.84
Histidine 3.03 1.78 1.79 3.67 3.44 2.88
Lysine 4.02 4.08 4.02 6.64 3.18 524
inine 6.42 6.38 6.49 7.23 4.87 567
Cystine 2.75 347 3.44 1.36 2.14 226
Methionine 2.55 1.26 117 1.42 2.60 1.78
; 5.30 473 4.61 278 4.74 4.04
*SAA = Sulfur amino acids

These results agree with those of Verbiscar and Banigan (1978) for
amino acid composition.

The sulfur amino acids content in both jojoba meals (4.73 and 4.61
g/16gN) are comparable to the content of sulfur amino acids concentration in
SFM and RSM, being 4.74 and 4.04 g/16gN, respectively. However, jojoba
seed and both jojoba meals contain higher sulfur amino acids than SBM
(2.78g/16gN). In respect to lysine, SBM contains the highest concentration
(6.64), while jojoba seed and jojoba meals content were aimost 4.0%, being
higher than that recorded for SFM (3.18).

Table (6): Essential amino acid (EAA) composition (g/16gN), chemical
score (CS), essential amino acid index (EAAI) and limiting
amino acid (LAA) of JS, JM1, JM2, SBM, SFM and RSM.

Amino Chick starter Whole
Acid JS JM1 JM2 | SBM | SFM | RSM Recadtement® | Eac™
642 | 638 | 649 | 7.23 | 4.87 | 567 5.43 6.40
His 3.03 1.78 | 1.79 | 367 | 344 | 288 1.52 2.10
Lys 4.02 4.08 | 402 | 664 | 318 | 5.24 4.78 7.20
Phy 684 | 377 | 378 | 5.30 | 456 | 384 3.13 6.30
Cys 275 | 347 | 344 | 136 | 214 [ 226 1.74 2.40
t 255 | 126 | 117 1.42 | 260 1.78 2.17 4.10
ﬁ 479 | 473 | 460 | 402 | 362 | 422 3.48 4.90
le 374 | 304 | 299 | 475 | 4.06 | 3.50 3.48 8.00
Leu 6.49 6.29 6.29 8.32 6.23 6.81 5.22 9.20
Val. 508 | 438 | 433 | 530 | 547 | 483 3.90 7.30
85.20 | 58.06 | 5392 | 85.44 | 86.50 | 82.03 100.00 s
62.27 | 67.33 | 66.48 | 62.85 | 57.97 | 57.28 — 100.00
LAA Lys Meth | Meth | Meth Lys Meth —
LAA e Lys Lys Cys — - -
LAA — lle lle _ —_ | — - — -
*NRC (1994) ** Block and Mitchell (1946)
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The amino acids content of jojoba seed and jojoba meals would
indicate that the seed protein contained higher amounts of most essential AA
than those of the meal protein. This might be due to the effect of processing
procedure on the amino acid pattern of the produced meal. The Essential
Amino Acids Index (EAAI) was calculated and shown in Table (6). JM,yand
JM; showed the highest EAAI, being 67.33 and 66.48, respectively. SBM
gave a value of 62.85, while SFM and RSM gave the lowest values being
57.97 and 57.28, respectively.

The nutritive value of any plant protein source is correlated quite well
with the chemical score of the feed calculated from their amino acids content,
(Block and Mitchell, 1946). The chemical score calculation was based on the
suggested chick requirements of amino acids, (NRC, 1994). The results
showed that the chemical score (CS) of JS is the highest compared to other
studied samples. Both jojoba meals gave values of 58.06 and 53.92 in
contrast with the results showed by EAAI values (67.33 and 66.48).
Ngoupayou et al (1982) carried out an experiment with chicks and found that
the EAAI was 92.9 where Lysine was the first limiting, and leucine being the
2™ LAA, however the chemical score was 48.5%. The limiting amino acids
(LAA) were arranged for each experimental feedstuff in descending order, i.e.
first LAA, second LAA and third LAA, as shown in Table (6). Methionine was
the 1% LAA over all the experimental feedstuffs with exception to jojoba seed
and sunflower meal wherengysine was the 1% LAA. It was found that lysine
and iso-leucine were the 2™ and 3™ LAA for both jojoba meals. In general,
both jojoba meals are deficient in methionine, lysine and iso-leucine.

The results of apparent amino acid availability (AAAA) and true
amino acid availability (TAAA) for JS, JM,, JM,, SBM, SFM and RSM are
shown in Table (7).

It is clear that the values of TAAA are higher than those of AAAA
because of the correction for metabolic faecal and endogenous urinary AA
excretion. The mean of AAAA and TAAA values of Jjojoba meals (both JM,
and JM;) were 74.24 and 84.72%, respectively. Generally, the means of
TAAA values of tested jojoba meals were lower than those of SBM and SFM
and the JM, corresponding results of RSM. Compared with SBM, the mean
apparent and true amino acid availability of JM, and JM, were markedly lower
than the tested SBM values i.e. 82.58 and 91.30% and also lower than the
reported values of 86 and 90% for SBM obtained by EL-Sherbiny et al., (1988)
using the same technique of Sibbald (1976,1979). This indicates -that. the
amino acid availabilites of JM are lower than those observed for SBM,
confirming the superiority of SBM protein- quality compared with that of JS.
Haready et al. (2005) in a trial with guar germ as protein source found that
TAAA was 79.3%, while El-Sherbiny et al (1994) found that TAAA was 81 4%
for RSM.
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Table (7) Percentage of Apparent and True amino acid availability of JS,
JM, SBM, SFM and RSM.

amino Apparent amino acid availability True amino acid availability

o __(AAAA) (TAAA)

JS | JM1 | JM2 [ SBM [ SFM | RSM JS | JM1 | UM2 [ SBM | SFM | RSM
IAs, 73.3374.28 | 78.49[82.66 [ 87.20| 76.36 86.67 | 82.86 | 84.95[86.13 | 92.00 | 83.11
Thr 65.2274.4272.34[82.81|82.22 | 69.92 82.61)83.72[79.17[89.06 | 91.11 | 74.87
Ser 66.66 | 69.44 | 69.05[88.89[85.11 | 64.81 90.48 | 83.33(80.95[95.00 | 95.74 81.38
Glu 63.83|73.86/78.70[82.20 | 91.43 86.22/85.1185.23[87.96 | 87.43 $6.19 [ 91.56
Pro 68.42 180.00 [ 83.72[85.90 | 84.78 72.76|84.21|88.57 [ 90.69 | 89.74 91.30/78.22

Gly* e | (Bl e B =

Ala 66.67 | 70.97 | 78.38 [ 83.54 | 84.75 | 73.33 | 88.89 83.87189.19/88.61[91.53 | 84.13
Cys |38.46(64.29/71.42[50.00 | 66.67 | 61.98 61.54 | 75.00 [80.00 | 63.64 | 77.78 | 79.66
Val 70.83 [71.43 | 75.55 [ 87.06 | 88.24 | 77.00 | 87.50 | 82.86 84.44/191.18|94.12[83.74
Meth | 83.33 | 80.00[75.00 | 78.26 | 90.63 | 73.63| 91.67 90.00 83.3382.61[93.75|84.93
Iso 72.22172.00|77.42|88.16]| 90.20 | 79.53 | 88.89 | 84.00 87.10192.11|96.08 | 85.00
Leu [70.97 |76.47 |80.00|88.72 | 88.46 | 82.62 87.09|86.27 |87.69[92.48 | 94.87 | 88.61
Phe [81.25]77.42[82.05]90.59| 91.23]| 78.88 90.63 | 87.10[89.74 | 94.12 [ 96.49 | 87.44
Lys |52.63[63.64[75.61|82.08| 75.00 | 76.23 89.47 | 84.85|92.68 [88.6892.50 | 84.10
Arg  |70.00/59.62[73.13(85.22[77.05 81.91/93.33|73.08[83.5891.30 | 88.52 | 85.96
Mean |67.42[71.99[76.49]82.58|84.50 75.37[86.2983.62 | 85.82 | 88.01 | 92.28 83.77
* Glycine values are omitted, because of analytical errors. Uric acid is degraded to glycine
and ammonia during the acid hydrolysis of excreta (Soares et al., 1971).

DISCUSSION

Undersander et al. (1 990) stated that the jojoba oil contains no
cholesterol or triglycerides and it is not broken down by normal metabolic
pathways. According to this statement, the amount of oil present in JS, JM,
and JM,, will not be used as a source of available energy by the bird, and will
be execrated by the bird unchanged. Nevertheless, the oil of the three
products will contribute to their gross energy but not to the ME. ME values of
JS, JM; and JM; accordingly will come only from energies of NFE, crude fiber
and crude protein.

On the other hand, according to the results obtained of the available
energy to the bird either as AME or TME in the present work, it will be
impossible to state that the birds did not metabolize part of oil energy in the
seed or the meals samples. This because the values obtained are higher
than the available energy of the other non-oil components. Therefore, it is
faire enough to reconsider the statement of Undersander et al. (1990)
according to the present findings.

Considering the protein nutrition status of the jojoba meal, the
measures of protein nutritive value are comparable to the other protein
sources (SFM, RSM) except for SBM. The amino acids make up could easily
be corrected by the addition of commercial amino acids, e.g. lysine
hydrochloride and methionine or/ and by supplementation with other protein
sources.

The most important aspect that should be taken into consideration in
future work is the toxic compounds found in jojoba meal. These compounds,
containing cyanides, affect feed intake beside their toxicity. Jojoba meal
should be detoxified to be accepted as an ingredient in poultry feed. It should
be noted that no toxic effects appeared in the present work because the birds
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were fed small amount of feed (35g) by a system called force feeding and for
one time only.

In conclusion, the jojoba meal, as a by-product of jojoba seeds, is a
promising feedstuff after being detoxified. In this respect, lot of biological and
biochemical work are needed to be carried out.
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