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;‘PT %ﬁ ‘(.71_93“ eS|l L..\_I:LI_HJ:L” Qb_g.ﬂ‘ Y B_SP;L“ QL‘.J.QJ‘ e % U.Ia /‘:\)r.

e ygpall deeldl dcsdl @ligsstl siaY Lol Lol oL Ly 5,LaYl 59y
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Ogeba e eIl 55080 ¢ (Laadl Julss) 558 Lo alie 9 (clged! édb)

old g/t | Sample No. | Gold g/t Sample No. ch;id Sample No.
<0.1 Q1-Total 12.683 WS-01- Total <0.1 TS-01-Total
<0.1 Q4-Total 4.833 WS-03- Total <0.1 TS-03-Total
<0.1 Q6-Total <0.1 WS-05- Total <0.1 TS-07-Total
<0.1 Q7- Total <0.1 WS-07- Total <0.1 TS-08-Total
<0.1 Q8- Total <0.1 WS-08- Total <0.1 TS-09-Total
<0.1 Q9- Total <0.1 WS-09- Total <0.1 TS-10-Total
<0.1 WS-10- Total <0.1 TS-11-Total

<0.1 WS-11- Total <0.1 TS-12-Total

<0.1 WS-12- Total <0.1 TS-13-Total

<0.1 WS-13- Total <0.1 TS-14-Total

<0.1 WS-14- Total <0.1 TS-16-Total

<0.1 WS-15- Total <0.1 TS-17-Total

<0.1 WS-17- Total <0.1 TS-19-Total

<0.1 WS-18- Total <0.1 TS-21-Total

24.221 WS-19- Total <0.1 TS-23-Total

<0.1 TS-24-Total

<0.1 TS-26-Total

<0.1 TS-28-Total

<0.1 TS-30-Total
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gLyl dasy o UA B3l (apall goudl e dliaill jaually Gl dakait
Layn aaly Lslll Cagall (este oo golall ciadls call yumie slidl juss s
G 2 caalll Ll (Gupall rull o) LoLaall juall jsis Lsad Hludeg
2 Lol 1gs LU cdlecally g1 g yas JEm il (y55m of (pEma L gl 5,241
gl il Lpallasl class g3l (pans Caddl Al juss )3
(2) Jyaxr
alaie bl 5 o 33adl pusill gdaill caligal caadl yumic Sgime yuutd gl
(sl Taels -Fr il filee il cile gezma )¢ (eligaad! 3l9) oy
Ogtla (pa eIl yu8a ¢ (Lt Ldd -G g il dbwgia -M

Gold g/t Sample No. Gold g/t Sample No. Gold g/t Sample No.
<0.1 TS-23-G <0.1 TS-15-M <0.1 TS-07-F
<0.1 TS-24-F <0.1 TS-15-G <0.1 TS-07-M
<0.1 TS-24-M <0.1 TS-16-F <0.1 TS-07-G
<0.1 TS-24-G <0.1 TS-16-M <0.1 TS-08-F
<0.1 TS-25-F <0.1 TS-16-G <0.1 TS-08-M
<0.1 TS-25-M 0.647 TS-17-F <0.1 TS-08-G
<0.1 TS-25-G <0.1 TS-17-M <0.1 TS-09-F
<0.1 TS-26-F <0.1 TS-17-G <0.1 TS-09-M
<0.1 TS-26-M 1.333 TS-18-F <0.1 TS-09-G
<0.1 TS-26-G <0.1 TS-18-M <0.1 TS-10-F
<0.1 TS-27-F <0.1 TS-18-G <0.1 TS-10-M
<0.1 TS-27-M 0.730 TS-19-F <0.1 TS-10-G
<0.1 TS-27-G <0.1 TS-19-M <0.1 TS-11-F
0.760 TS-28-F <0.1 TS-19-G <0.1 TS-11-M
<0.1 TS-28-M 0.785 TS-20-F <0.1 TS-11-G
<0.1 TS-28-G <0.1 TS-20-M <0.1 TS-12-F
0.840 TS-29-F <0.1 TS-20-G <0.1 TS-12-M
<0.1 TS-29-M <0.1 TS-21-F <0.1 TS-12-G
<0.1 TS-29-G <0.1 TS-21-M <0.1 TS-13-F
1.867 TS-30-F <0.1 TS-21-G <0.1 TS-13-M
<0.1 TS-30-M 0.161 TS-22-F <0.1 TS-13-G
<0.1 TS-30-G <0.1 TS-22-M <0.1 TS-14-F

<0.1 TS-22-G <0.1 TS-14-M
0.463 TS-23-F <0.1 TS-14-G
<0.1 TS-23-M <0.1 TS-15-F
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Placer Gold Concentration in the Hofuf Alluvial Formation
of The Eastern Saudi Arabia

Abdulrahman Mohieddin Al-Safarjalani
College of Agricultural and Food Sciences,King Faisal University
Al-Hassa , Kingdom of Saudi Arabia

Abstract:

Sixty representative samples were collected from the conglomeratic
sandstone stream sediments of Hofuf and Haradh areas. These samples belong to
the Hofuf Formation of Neogene’s Period. They were studied for their content
of gold to assess the geochemical signature of gold (placer) deposits.

The results shown that the fine-grained fraction (<125 pum) of the samples
from the three new upper cycles of the sand unit in the type-section area contain
the highest amounts of gold (0.16-1.87 g/t). The coarse- and medipm-grained
fractions contain low amounts of gold (<0.1 g/t). Samples representing the old
lower cycles contain only few amounts of gold (<0.1 g/t). Gold contents are
highest in the first three upper cycles and decreases downward.

Samples from Haradh area were collected from the surface along a
horizontal traverse. The samples represent only the uppermost cycle.The gold
dispersion anomaly at the Haradh area, which occurs along the Wadi As Sahba,
is of a high extent in three samples, representing three locations; The sample
WS-19 contains the highest amount of gold (24.22 g/t), whereas the samples
WS-1 and WS-3 contains 12.58 g/t and 4.83 g/t respectively. The rest of the
samples contain only low amount of gold (<0.1 g/t). Samples representing the
calcarenite and argillaceous sandstones from the second and third unit of the
Hofuf Formation were collected from Jabal Qarah area. None of these samples
contain gold. On mineralogical basis, the present work suggests that Hofuf and
the Haradh stream sediments represent a promising target for further
geochemical exploration for precious metals, especially gold. Data indicate that
placer gold in the studied sediments sometimes reaches 24 g/t..Placer gold is
concentrated in the fine fraction (< 125 pm). It is recommended that exploration
of gold in arid region must be directed essentially to the fine sized fraction.
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The Effect of Buserelin Treatment of Mated Awasi Ewes
During the Summer on Plasma Progesterone
Concentrations and Lambing Rate
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Department of Animal Sciences, College of Agricultural and Food Science
*Department of Physiology, Biochemistry and Pharmacology
College of Veterinary Medicine and Animal Resources
King Faisal University, Al-Hassa, Kingdom of Saudi Arabia

Abstract:

The main objective of this study was to investigate the ability of buserelin, a
GnRH-agonist, to maintain pregnancy in Awasi ewes mated during summer.
Ewes were divided into two groups (28 ewes/group). In the first group, ewes
were injected intramuscularly with 10 micrograms of buserelin 12 days after the
start of mating. In the second group (control), ewes were injected with normal
saline. Oestrus was synchronized in all ewes using intravaginal progestagen
sponges. These sponges were removed after 12 days and an intramuscular 500
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IU injections of PMSG were given to all ewes soon after sponges removal.
Natural mating was made by the introduction of three adult rams to each group
24 hours after PMSG injction, these rams were taken out 25 days later. Jugular
vein blood samples were taken from 15 ewes from each group at day 2, 3, 6, 9,
12, 15, 18, 21, 24, 27, 30, 33 from the start of mating to determine progesterone
concentrations and corpus luteum activity. Lambing rates were recorded for
each treatment group.

No significant differences were found between the two treatments in the
percentage of lambing from mating at the first oestrus which was 35.7% and
39.3% for buserelin and control treated ewes, respectively. Also there was a
tendency for the total percentage of lambing resulted from both, the first and
the second oestrus to increase which was 82% and 67.9% for buserelin and
control treated ewes, respectively. However, this increase was not statistically
significant. There was a significant differences in the percentage of lambing
resulted from mating at the second oestrus which was 46.4% and 28.6% for
buserelin and control treated ewes, respectively (P<0.03). There were no
significant differences between the two treatments in the concentrations of
progesterone until day 33 from the start of mating in ewes lambed as a result of
mating at the first oestrus. However, ewes which lambed as a result of mating at
the second oestrus had a significantly higher progesterone concentrations during
both, the first and the second oestrus if treated with buserelin compared to
control treated ewes.

These results indicate that treatment of Awasi ewes with buserelin during
summer mating significantly increased lambing rates at the second oestrus. This
increase maybe explained by the priming effect that buserelin may exert on the
ovaries during the first oestrus which can be seen later as an increase in lambing
rates in ewes mated during the second oestrus.
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Methods of Obtaining the Projects in the Saudi Architectural/
Engineering Offices: Case of Some Regions an Saudi Arabia

Mashary Abdullah Al-Naim & Ali Mohammed Al-Swat"

College of Architecture and Planning, King Faisal University, Dammam
* Projects Coordination Dept., Dammam Municipality
Saudi Arabia

Abstract:

Looking at the Saudi architectural/engineering offices, there are various
ways to obtain the projects such as competitions, personal relations, advertising,
etc. A major way for obtaining the projects is through personal and social
relations. Therefore, when studying the features of the Saudi professional
market, and understanding the ways that engineering offices follows, it will be
able to determine the cultural dimensions that makes the architectural
profession, in strong relation with our social life, more than profession that
enquires procedures and systems to be followed. As well as special tasks to be
done by those offices in such countries around the world, the architectural
competitions are performed and the offices with the perfect design will be
chosen. In addition to the lacking of professional rules and regulations that
organize competition systems in the kingdom, such offices obtain projects based
on the cheaper fee. Subsequently, a question will be raised, how do we asses the
quality of the architectural products in the kingdom?

To answer this question, this study aims at identifying the ways following
by Saudi architecturallengineering offices to obtain projects and market their
services. Moreover, the effects of the followed ways on the quality of the
architectural projects will be mentioned.

To achieve the objectives of this study, a number of questionnaires was
distributed among architectural offices in the kingdom. Generally, this study
ensures that the traditional ways, following by architecturallengineering offices
to obtain projects, are a major reason for the poor architectural quality in the
Kingdom.

Keywords: Architectural/Engineering Office, Obtaining Projects, Architectural
Competitions, Architectural Marketing, Design Fee, Architectural Projects,
Professional Practice, Saudi Professional Market.
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Figure 18:Midsagittal magnetic resonance imaging proton density of the left living human
knee region showing the length of patellar ligament (PL) and anterior cruciate ligament (ACL).

Tuadncens Miscle

ﬂ"'i'g‘
|
iT
s
[}
%
o
F F“
Patella Femur ! i‘vl'} —E—
= =
l. F F
Paicllar - f

» Tibaa
Ligamend

Sechon af
Paella 1

N =

Figure 19:[A] The central one third of the patellar ligament used to
reconstruct the anterior cruciate ligament.

[B] The new ligament is pulled into the lateral femoral tunnel and placed beneath the fat pad.
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Figure 16:Electron photomicrograph of tibial attachment of a rabbit’s anterior cruciate
ligament. It shows the early formation of calcified fibro-cartilage (zone3). Note that the
chondrocyte is located inside the lacuna (La). The capsular (CM) and inter-capsular matrix
(IM) are evident. Scattered dense deposits (M) are occasionally seen.

Figure 17:Electron photomicrograph of (zone 4) of quadriceps tendon insertion into a
decalcified section of a rabbit’s patella. It shows osteocytes with hetero-chromatic nucleus (N)
and a prominent nucleolus (nu). Cytoplasmic processes (cp) are clearly evident. Lysosomes are
observed in the lower left side. The osteocyte is surrounded by bone tissue (bt), which in turn is
surrounded by the collagenous tissue (Co). Magnification (X14500) .
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Figure 15:Electron photomicrograph of adult rabbit’s quadriceps tendon insertion. A: Shows
the junction of unmineralized (uf) and mineralized calcified fibro-cartilage (cf) and the
tidemark (T) of quadriceps tendon. In the first mineralized fibro-cartilage region, mineral
(arrows) lies between parallel collagen fibrils. In the deeper region, mineral (M) lies both in
and between fibrils. Magnification (X16500).B: Early mineralized fibro-cartilage of a section
zone of quadriceps tendon (zone 3) demonstrating a part of chondrocyte, nucleus (N) with
hetero-chromatin in the periphery, cytoplasmic processes (cp), rough endoplasmic reticulum
(rER). Masses of electron dense deposits are seen within the matrix and collagen fibrils (Co).
The lacuna of chondrocyte is bounded by fine collagen fibrils (F) in the capsular matrix. Short
branching processes extend from the cell where vesicles open onto the surface. (NP) is the
nuclear pore. Magnification (X32000).

C: Intermediate stage of mineralized fibro-cartilage of a section of quadriceps tendon (zone 3).
Electron dense collagen fibrils (Co) are evident in the capsular matrix of the chondrocyte. The
inter-capsular matrix (IM) is devoid of electron small dense material. An electron opaque line
(Ol) delineate the periphery of capsular matrix. Note the nucleus of chondrocyte (N),
mitochondria (m) and the vesicles (v). Magnification (20000).D: Late mineralized fibro-
cartilage of a section of quadriceps tendon (zone 3). In comparison to the previous view, this
photomicrograph shows prominent electron dense deposits (M) surrounding the lacuna (La).
Cell process (cp), filaments (F) and nucleus of chondrocyte are evident. Magnification
(X16500).
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Figure 14:Electron photomicrograph of a rabbit’s patellar ligament showing the zone between
mineralized calcified fibro-cartilage (cf) (dark) and unmineralized fibro-cartilage (uf) (light).
(Co) is collagen fibres. Magnification (X2600).
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Figure 13:Flectron photomicrograph of zone 3 of a rabbit’s quadriceps tendon (the
mineralized fibro-cartilage). A: shows the typical appearance of type I collagen. Its
characteristic feature is a pattern of cross banding of fibrils with a periodicity of 64 nm. In the
inset, the A complex, B1, B2, C1, C2, D, E1 and E2 intra-period bands stand out clearly. E1,
E2, A, B1, and B2 bands comprise the dark portion of the 64 nm period and C1 and C2 and D
bands comprise the light portion. Mineral (arrow) of mineralized fibro-cartilage is seen
between or on the surface of collagen fibrils. Magnification (X32000). B: Photomicrograph of
a capsular matrix of quadriceps tendon showing collagen fibres (Co), and a network of elastic
fibres (E) with granular mineral clouds (M) in zone 3 (mineralized fibro-cartilage) in the
interstices, Magnification (X25000).
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Figure 12:Electron photomicrograph of a cross section of ACL of the rabbit. A: Shows elastic
fibres (E) at two locations. Collage fibrils (Co) comprise the remainder of the tendon.
Magnification (X10700).B: Photomicrograph of un-mineralized fibro-cartilage of ACL
showing chondrocytes in lacuna (La) and nucleus (N). Lysosomes are seen in the cytoplasm
(arrow). Collagen fibrils (Co) are seen running in various directions. Magnification (X4000).C:
A section of quadriceps tendon showing a chondroblast in the process of matrix synthesis. The
cell is rounded with numerous cytoplasmic processes (cp). The nucleus (N) is generally
rounded with few indentations and containing condensed chromatin.The cell is embedded in
bundles of collagen fibres (Co) that run longitudinally. Magnification (X8000).
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Figure 10: Light photomicrograph of tibial attachment of (ACL) of adult rabbit.
A: The collagen bundles (Co) of the ligament interdigitate with the uncalcified fibro-cartilage
(uf). The tidemark (T) between the uncalcified fibro-cartilage and calcified fibro-cartilage is
smooth and regular. The boundary between the calcified fibro-cartilage (cf) and bone (b) is
highly irregular. Blood vessels in volkman’s canals (v) are apparent. Masson trichrome
(X100).B:The four zones characteristics of such an insertion site are present. The collagen
fibres (Co) of the ACL are continuous with those of the uncalcified fibro-cartilage (uf). The
calcified fibro-cartilage (cf) is identified by a darker matrix and contained chondrocytes
(arrow). The osteons (0), (the Haversian systems) of the tibia are apparent. (Co) of ACL
approach but never penetrate the tibia (b). Toluidine blue (X100).
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Figure 11:Transmissiom electron photomicrograph of zone 1 (quadriceps tendon) of adult’s
rabbit. A: Shows fibroblast in between parallel longitudinal bundles of collagen fibrils (Co).
Observe the fine striations of collagen fibrils. (N): nucleus of fibroblast, (m) mitochondria in
the upper left side of nucleus and (cp) cell processes in contact with extra-cellular matrix.
Magnification (X18500). B: Note the cross banding of individual fibrils. Magnification
(X32000).
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Figure 9: Light photomicrograph of the upper attachment of adult rabbit’s ligamentum patella
into the patella (b). The collagen fibres (Co) run a parallel course. The broken lines indicate the
extent of the uncalcified (uf) and calcified (cf) fibro-cartilage. The calcified fibro-cartilage is
continuous with the subchondral bone (b). H&E (X100).
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Figure 8: Light photomicrograph of quadriceps tendon insertion into the patella (b) of a rabbit.
(cf) is the zone of calcified fibro-cartilage and (uf) is the zone of uncalcified fibro-cartilage and
(T) is the tidemark. (Co) is the collagen fibres of (ACL). (mf) muscle fibres of quadriceps. The
tidemark is regular and smooth. The mineralization is quite abundant in the calcified fibro-
cartilage. Masson trichrome (X100).

190



Scientific Journal of King Faisal University (Basic and Applied Sciences)  Vol. 7 No. 2 1427H (2006)

A T@F— " ™. CSa B

Figure 7: Light photomicrographs of a section of the upper end of human patellar ligament. A:
Demonstrates the collagen fibres (Co) of patellar ligament, the uncalcified fibro-cartilage (uf),
tidemark (T), the calcified fibro-cartilage (cf) and patellar bone (b). H&E (X100).B:The four
zones are seen: The collagen fibres (Co) of the patellar ligament (Zone 1), the uncalcified
fibro-cartilage (uf) with its chondrocytes (ch) (Zone 2), the calcified fibro-cartilage (cf) (Zone
3). An irregular tidemark is seen between the 2" and 3™ zone as a result of interdigitation
between calcified and uncalcified fibro-cartilage. The patellar bone (b) containing osteocytes
(0) (Zone 4). H&E (X400)._C: Demonstrates the site of attachment of patellar ligament into the
patellar bone (b). Note the extensive interdigitation between uncalcified (uf) and calcified
fibro-cartilage (cf) and between calcified fibro-cartilage (cf) and bone (b). Masson trichrome
(X32). D: Shows the extensive interdigitations (Id) between the blue calcified fibro-cartilage
and the red bone (b) at the bone-soft tissue interface (Co): Collagen fibres.(ch): chondrocytes
inside lacunae. Masson trichrome (X100).
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Figure 6: Light photomicrographs of a section of common quadriceps tendon insertion into the
human cadaver’s patellar bone (b). A: Shows the four zones: (1) collagen fibres (Co) of
quadriceps tendon , (2) zone of uncalcified fibro-cartilage (uf) (3) zone of calcified fibro-
cartilage (cf) which stains darker than the previous zone, and (4) the bone (b). H&E (X40). B:
Magnification of the previous section showing the patellar bone (b) stained reddish and
containing almond-shaped osteocytes. The calcified fibro-cartilage (cf) and uncalcified fibro-
cartilage (uf) meet at the tidemark (T) where the chondrocytes (ch) are more numerous in the
uncalcified fibro-cartilage than the calcified fibro-cartilage. H&E (X400).C: Shows rows of
chondrocytes (ch) more apparent in the uncalcified fibro-cartilage (uf). Muscle fibres of
quadriceps (mf) changes to collagen fibres (Co) as they approach the tidemark (T).Osteocytes
(0). Masson trichrome(X400). D: Shows variation in the staining property of the calcified
fibro-cartilage (cf) (light orange) from that of the uncalcified fibro-cartilage (uf). (Co):
Collagen fibres of quadriceps tendon. (T): Tidemark. VVG (X32).
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Figure 5: Photographs demonstrating the major blood supply to the human cadaveric anterior
cruciate ligament (ACL) arising from the ligamentous branches of the middle genicular artery
(MGa) and from terminal branches of the medial inferior genicular artery (MIGa). (Pa) is
popliteal artery. A: Unstained vessels. B: Stained vessels. C: Diagram showing the blood
supply.
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Figure 3: Photographs of human cadaver’s knee. A: Shows the femur (F),

the anterior cruciate

ligament (ACL), patellar ligament (PL) and patella (Pa). B: Shows the quadriceps (Q) with its
myotendenious junction (MJT) which appears oblique and represented by red pins and the
patella (Pa). (Qt) is the quadriceps tendon. The black pins represent the upper end of patella. C:
Midsagittal section of the knee region, the quadriceps tendon (Qt) and the patellar ligament
(PL). The red pin points to the supra-patellar bursa (SB), the (if) is the infra-patellar pad of fat

and (Pa) is the patellar bone.

Figure 4: Diagram of the ACL in extension and flexion. In extension, the posterolateral bulk is
taut, while in flexion, the anteromedial band is taut and the posterolateral bulk is relatively

relaxed. AA": anteromedial band and BB': posterolateral bulk.
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O

IPL

Figure 1: The attachment zones studied are the insertion of quadriceps tendon (QT), the origin
and insertion of patellar ligament (OPL), (IPL) respectivley. The subdivision of each site into
regions a, b, ¢ and the major differences in the quantities and distribution of uncalcified fibro-
cartilage (uf) are illustrated diagrammatically in the drawings to the left of the figure. F:
Femur, T: Tibia, PL: Patellar ligament. The attachment zones were divided into three equal
regions: a)Deepest b)Intermediate

¢) Superficial

Figure 2: A: Frontal view of the knee region with morphometric parameters shown. B: Lateral
view of the knee region with morphometric parameters shown.

QW: Width of quadriceps tendon, PTW: Patellar ligament width, CTL: length of common
quadriceps tendon, CTT: Thickness of common quadriceps tendon, PTL: Patellar ligament
length and PTT: Patellar ligament thickness.
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underline the effectiveness of inter-digitations between 2 different types of
tissue to resist mechanical forces (Crowninshield & Pope 1976).

The uncalcified fibro-cartilage ensures that the tendon fibres do not blend,
splay out or become compressed at a hard tissue interface and offer protection
from wear and tear (Benjamin et al. 1986). In this study, it was seen that tendon
fibres inter-digitated among bone lamellar systems but did not merge with the
collagen system of individual lamellae like what observed by Clark et al.
(1998) .

Structural alternations at insertions were reported during normal
development. Increasing age weakens the tissue-bone unit. The frequency of
ACL injury in athletes has led to the increasing use of biologic grafts. Selection
of a biologic substitute requires detailed knowledge of its anatomical and
histological structure (Lacroix 1951).

The central quadriceps tendon is thicker and wider than patellar ligament
thereby providing a plentiful source of tendon for ACL reconstruction.
Harvesting this graft is demanding attention to details. This will help the
surgeon to have minimal morbidity (Butler et al. 1985).

Noyes et al. (1983) found that 14 mm of patellar tendon bone has 175% of
the strength of ACL. Vascular studies have demonstrated that either the inferior
lateral genicular artery or inferior medial genicular artery can be used with
patellar tendon to produce a vascularized graft.The patellar tendon autograft
has the advantage of possessing a greater tensile strength. The removal of its
1/3 does not sacrifice its use as a stabilizer for the knee (Clancy et al. 1982,
Paulos et al. 1983, Noyes et al. 1984 and Bray et al. 1988).

Orthopedic surgeons described the use of central 1/3 of patellar tendon. The
graft consisted of a triangular block of bone from superficial portion of the
patella, strip of quadriceps taken one inch above superior pole of patella and
1/3 patellar ligament. This graft was left attached distally and passed to the
joint through a notch beneath the fat pad. The graft was pulled through a tunnel
in the lateral femoral condyle and sutured to periosteum of distal femur (Jones
1963 and Jones 1970). (Fig.19)

It was concluded that this investigation gives some knowledge that will
allow the clinician to make the necessary intra-operative and post-operative
decisions in ACL reconstruction. It will establish a background for subsequent
studies of insertion altered by disease and to gain impressions of function based
on structural relation.
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insertion of tendon is subject to a greater maximum force than in either the
origin or insertion of the patellar ligament (Ellis et al. 1980, Huberti et al. 1984,
Eijden et al. 1986 and Eijden et al. 1987). Evans et al. (1991) stated that the
total thickness of cortical calcified tissue (thickness of both lamellar bone and
calcified fibro-cartilage) was significantly greater at the insertion of quadriceps
tendon than at either attachment of patellar ligament. There were also little
differences in the amount of calcified tissue between upper and lower
attachment of patellar ligament as was observed in this study. In the present
investigation it was found that at both the origin of patellar ligament and
insertion of quadriceps tendon, there was significantly less total calcified tissue
in the deepest part of the attachment than in the most superficial part as was
observed by Hull (1997). In the present study it was found that the total amount
of bone and calcified cartilage was greatest at the superficial part of the
attachment zone, where the collagen fibres had the greatest distance to travel
before reaching the bone. It is also because more force is transmitted through
parts of an attachment zone (superficial fibres) than others as was found by
Evans et al (1991). Thus, the larger force is resisted by a greater density of
bone per unit area in the quadriceps insertion as well as by an increase in the
total area of attachment zone that follows from the greater thickness of the
tendon. It is suggested that the larger amount of fibro-cartilage in the
quadriceps tendon may be related to the greater absolute size of the tendon
compared with the ligament. The close similarity in the amount of bone and
calcified fibro-cartilage at the origin and insertion of the patellar ligament and
both ends of ACL found in this study can be explained by the identical force at
either end of this ligament and was similar to observation of Evans et al (1991).
Regarding the patellar ligament attachments, Pedley & Meachim (1979) found
a greater density of bone and total calcified tissue on the lateral compared to
the medial side of patella. It may be due to mechanical differences at the two
regions. The significance of the fibro-cartilage is possibly that it has a
mechanical role diffusing forces over the entire attachment site. This
minimizes local concentration of stress. The fibro-cartilaginous zones may
prevent fatigue failure by providing a more gradual transition from soft tissue
to the hard bone. It is suggested that the shape of the soft tissue-bone interface
and the thickness of calcified fibro-cartilage may be capable of withstanding
tensile loads.

The fact that no mechanical failure occurred at the irregular tidemark line,
but rather through the zone of calcified cartilage or sub-chondral bone may
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Table I
Morphometric analysis in mm of knee ligament on human cadavers
ACL ACL
Group “é[;aL“ QW | cTT | PL | PTT | PW ACI&? width | width th{tf:;ss
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CTL: Length of common quadriceps tendon.
QW:  Width of quadriceps tendon.
CTT: Thickness of common quadriceps tendon.
PL: Length of Patellar ligament
PTT: Thickness of Patellar ligament
PW:  Width of Patellar ligament
ACL: Anterior cruciate ligament.
Table 11
Length measurements by magnetic resonance imaging (MRI)
in mm on the living
Range Mean SD
1- ACL 31.3-43 37.7 3.20
2-PL 43 - 60 51.50 5.17
3-Distance between
tibial tuberosity and 64 — 80 70.81 4.66
femoral origin of ACL

ACL: Anterior cruciate ligament.
PL: Length of Patellar ligament

Discussion:
Differences in the quantities of uncalcified fibro-cartilage at the insertion of

quadriceps tendon and at the origin and insertion of patellar ligament found in
this study were related to change in angle between the long axis of tendon or
ligament and long axis of the bone during joint movement similar to what was
found by (Benjamin et al 1986, Woo et al. 1988 and Evans et al. 1990). There
are striking mechanical differences between quadriceps tendon and patellar
ligament as the maximum force developed in tendon exceeds that in ligament
by a ratio of about 8:5 because of reaction of patella against femur. Thus, the
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Cells :
Many chondrocytes are surrounded by calcified matrix . Some cells contain
vacuolated cytoplasm, others consist of degenerated nuclear and cytoplasm
fragments (Fig. 15B,15C, 15D,16).

Zone 4 : Bone

Collagen fibrils in bone matrix blend with those of mineralized fibro-
cartilage in zone 3.No evidence of a layer separating the two. Cellular and
matrix characteristics of bone beneath the tendon is similar to normal bone
elsewhere (Fig. 17).

Cells :

Osteoblast has a uniform appearance. The cells do not make continuous
contact with each other although this maybe an artifact caused by shrinkage
during preparation of the material. The two components of endoplasmic
reticulum can be seen clearly. There are groups of laminated membranes
and small vesicles representing the Golgi complex, but this is not as well
developed as that in fibroblast or chondroblast. The nuclei as well as the
cytoplasm reflect the high metabolic activity of the osteoblast. Most of
them have prominent nucleoli and heavy concentration of granule applied
to the inner surfaces of the nuclear membrane.

Osteocytes. These mature osteoblasts have elongated nuclei and the
cytoplasm contains a few organelles. The cells develop many cytoplasmic
processes that extend into canaliculi, making contact with similar process
from adjacent cells.

From 40 knee cadaveric specimens using morophometric measurements
demonstrated in figure 2, the length of common quadriceps tendon (CTL),
width of quadriceps tendon (QW), thickness of common quadriceps tendon
(CTT) ,patellar ligament length (PL), patellar ligament thickness (PTT) and
patellar ligament width (PW) and anterior cruciate ligament (ACL), width
and thickness were calculated (Table I).

Measurements were carried out on the living using MRI for comparison
with those obtained from the cadavers. Distance measured from tibial
tuberosity because the patellar ligament is left intact at its tibial attachment
during the autograft operation (Table II).
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Vessels :
A network of capillaries was seen running in a longitudinal direction
between collagenous bundles. The capillary wall is composed of lining
endothelium resting on a basal lamina and subendothelial connective
tissue.

Zone 2 : Fibrocartilage
Fibrils :
Collagen fibrils and elastic fibres extend without substantial change in
arrangement from tendon to form the fibro-cartilage’s intercellular
matrix. The collagen bundles ranges from 150 to 400 micrometers wide
(Fig.12B).
Cells :
The cells from tendon to fibro-cartilage, gradually change structural
characteristics to those of the chondroblast. Its shape is oval and most cells
arranged themselves in pairs or rows. Lysosomes increase. Membrane
bound vesicles near the cell surface encase granular and filamentous
precipitates similar to that in the extracellular matrix. Short cells processes
seem to form when vesicles open onto the cell surface. The formed
chondrocytes lie in lacunae. Adjacent lacunae are separated by thin bars that
contains collagen fibrils. Some lacunae appear to be fully occupied by
chondrocytes while other show enlarged spaces as a result of shrinkage
artifacts of the chondrocytes (Fig.12C).

Zone 3 : Calcified fibrocartilage

The zone, 100 to 300 microns wide is separated sharply from the
previous one by the tidemark transversing the tendon almost
perpendicularly to its fibers. The collagen bundles continue into this
region. Mineralized crystals are situated between parallel collagen
fibrils. Mineral sometimes infiltrate collagen fibrils in a manner that
creates periodic dense bands which persist in the fully mineralized
matrix. This results from the polymerization of tropocollagen molecules
and overlapping of neighboring molecules by approximately one
quarter of its length. In contrast to hyaline cartilage, fibro-cartilage
contains more densely packed collagen fibrils and less ground
substance (Fig. 13A,13B, 14,15A).
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There were striking differences between the quantities and distribution of
uncalcified fibro-cartilage at the attachment of the quadriceps tendon and
origin and insertion of patellar ligament. By far, the largest amount of
fibrocartilage was in the quadriceps tendon. Here the tissue was most
characteristic of the superficial third of the attachment zone.

Light photomicrograph of rabbit’s quadriceps tendon insertion into the patellae,
ligamentum patellae attachment into patellae and tibial attachment of anterior
cruciate ligament were demonstrated (fig.8,9,10)

As regards the electron microscopic study of quadriceps tendon insertion,
ligamentum patellae and anterior cruciate ligament attachment, division of their
attachment into four zones provides a convenient model for study. Although
each zone possesses clearly defined characteristics, in reality the zones merge
one into the other by a gradual change in morphology. Photomicrographs
shows the following zones :

Zone 1:
Tendon or ligaments :

These consist of more or less parallel collagen fibrils with interspersed
cells. Collagen fibrils constitute by far the greatest portion of tendon and
ligament. An almost parallel array of fibrils in patellar tendon and ACL
produces an ideal site for ultrastructural studies. Collagen fibrils range from
25 to 140 nm in diameter. Longitudinal sections of individual fibrils expose
the regular, repeating periodicity character. The period averages about 64
nm in tendon fibrils (Fig.11A). The A complex, B1, B2, C1, C2, D, E1 and
E2 intraperiod bands were seen. In uranyl acetate stained fibrils, the dark
portion consists of E1, E2, A complex, Bl and B2 intraperiod bands and
the light portion consists of C1, C2 and D bands (Fig. 11B).

A second population of fibers exhibits ultrastructural features associated
with elastic fibers. They lie scattered sparsely among collagen fibrils (Fig.
12A).

Ground substance :
The extra-cellular space between collagen fibrils of tendons and ligaments
presumably contains protein polysaccharides and extra- cellular fluid.

Cells :
Longitudinal elongated fibroblasts whose nucleus lies in the widest
portion of the cell were present between fibril bundles. Fibrocytes were
also seen.
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joint as it passes from the femur to the tibia. It is in addition of being intra-
articular, it is also extra-synovial. Its mean length is 3.5 =1cm (Fig.4).

The major blood supply to ACL arises from ligamentous branches of
middle genicular artery and from some terminal branches of medial and lateral
inferior genicular artery (Fig.5). The ACL is covered by a synovial membrane
which forms an envelope around the ligament. It is rich in vessels that originate
predominantly from ligamentous branches of middle genicular artery and to a
lesser extent from medial and lateral inferior genicular arteries. The synovial
vessels arborize to form a web—like network of periligamentous vessels that
enstheath the entire ACL. This periligamentous vessels give rise to smaller
connecting branches which penetrate ACL transversely. The histological study
of quadriceps tendon attached to the upper borber of the patella showed that the
insertion complex is formed of 4 zones: tendon, fibro-cartilage, calcified fibro-
cartilage and bone (Fig.6A).

Zone 1: Is normal tendon composed of parallel bundles of collagen. Fibrocytes
are located between the collagen fibers.

Zone 2 : It is the uncalcified fibro-cartilage. It is composed of parallel bundles
of collagen that are continuous with those in the tendon. Chondrocytes inside
lacunae surrounded by thin capsular matrix are located single or in small rows
lying between the collagen. Few small blood vessel are observed in both
tendon and fibro-cartilage. The junction between the uncalcified and calcified
fibro-cartilage is represented by a prominent deeply basophilic line, the
tidemark (Fig.6B,6C,6D). On occasions, the line maybe irregular, but it
generally provides a smoother contour than that at the osteochondral junction.
Chondrocytes seem to be numerous in the uncalcified fibro-cartilage and are
sometimes arranged in short rows. Bundles of collagen fibers are recognizable
up to osteochondral junction.

Zone 3 (_Calcfied fibro-cartilage ) and Zone 4( Bone ) :

At the origin of the patellar ligament, there was a small amount of
fibrocartilage fairly uniformly distributed throughout the deep and intermediate
portions of the attachment site (Fig.7A,7B,7C,7D). Collagen fibers that met the
tidemark at right angles were most clearly seen here (Fig.6D). Differences in
the amount of distribution of calcified fibro-cartilage broadly paralelled those
described above. The calcified fibro-cartilage bone interface was most irregular
at the origin of patellar ligament with interdigitation between them
(Fig.7B,7C). By light microscopy, the patellar ligament usually appears to
terminate at the bone at a distinct border called the cement line.
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fresh patellae for EM studies. After anesthetizing the rabbits, the specimens
were obtained, decalcified in EDTA, fixed with osmium tetra—oxide and
embedded in Epon using electron microscopic techniques for fully mineralized
tissue. Sections were stained with lead citrate and uranyl acetate and examined
with transmission electron microscope (Joel 100 CX).

Magnetic resonance arthrograms (MR) from 50 knees (26 males and 24
females between 20 and 45 years of age) with normal quadriceps, patellar
ligament and anterior cruciate ligament were done. Patients with ruptures of
quadriceps tendon , anterior knee pain or chondromalacia of the patellae, knees
with wrinkled appearance of the patellar ligament on magnetic resonance
images, knees with patellar subluxation, malalignment or patellar dislocation
were excluded.

The MR imaging was carried on patients in supine position, with the knee
extended and the leg externally rotated 10 to 15° (Staeubli et al. 1999).

Sagittal imaging sequence were taken to measure the length of anterior
cruciate ligament, patellar ligament, and the distance between tibial tuberosity
and femoral origin of anterior cruciate ligament (ACL) .

Results :

Anatomical dissection of quadriceps tendon, patellar ligament and anterior
cruciate ligaments of dissecting room cadavers were done (Fig. 3). To reach
anterior cruciate ligament and incision was done at the medial edge of the
quadriceps tendon, 3 to 4 inches above the knee, extends downward and curves
gracefully around the medial edge of the patellae to end just below the tibial
tubercle. The subcutaneous tissue and fascia were divided and the incision was
deepened between the vastus medialis and quadriceps tendon. The capsule and
synovial membrane were incised along the medial edge of this tendon, then
alongside the patellae and patellar ligament. The patellae was retracted laterally
and the anterior cruciate ligament was viewed clearly (McVay, 1984). The
tibial attachment of anterior cruciate ligament was seen to be from a fossa in
front and lateral tp the anterior tibial spine. The femoral attachmend of ACL
was seen top be from a fossa on the posterior aspect of the medial surface of
lateral femoral condyle near the articular surface. The fermoral boney
attachment was 16 to 24 mm in diameter. The width of ACL at the tibial end
was 11 £ 0.2 mm and at the femoral end was 20 + 2 mm (TABLE 1) . The
anterior cruciate ligament courses anteriorly, medially and distally across the
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Material and methods

The human cadaveric knees used were free from any pathological
conditions such as ruptures of quadriceps tendon, wrinkled appearance of the
patellar ligament, patellar subluxation, malalignment or dislocation. Age of the
subjects varied between 45 and 60 years.

The anatomical features of quadriceps tendon and anterior cruciate
ligament were studied. Forty patellae (24 males and 16 females) with
quadriceps tendon and ligamentum patellaec were removed from each knee, and
prepared for sectioning and examination by light microscope. Strips
approximately 5 mm thick, were cut from the central portion of the attachment
zone of each of the three components of quadriceps complex namely [the
insertion of the quadriceps tendon into the upper pole of patella, the proximal
patellar attachment of patellar ligament and the distal tibial attachment of
patellar ligament] (Fig.1).

Morphometric measurements from the cadavers included the length of the
most anterior part of quadriceps tendon to determine the superficial length of
quadriceps tendon from the patellar base to the myotendinous junction of the
rectus femoris using a millimetric scale, the length of patellar ligament and
anterior cruciate ligament. Width and thickness of quadriceps tendon, patellar
ligament, and anterior cruciate were also recorded. (Fig. 2).

Sections were cut at 8 mm along the long axis of the tendon or ligament
and at right angles to the bone surface. For quantitative purposes, attachment
zone were divided into three equal region, a. (deepest), b. (intermediate), c.
(superficial) (Fig.1). The specimens prepared by light microscopy were treated
for one week with 10% neutral buffered formal saline, decalcified in 2% nitric
acid, dehydrated with graded alcohol, cleared in xylol and embedded in
paraffin wax. Sections were stained with haematoxylin and eosin, Masson's
trichrome and Verhoff van Gieson ( VVG ). The maximum height of
uncalcified fibro-cartilage in region a, b and ¢ of each specimen were measured
with micrometer eyepiece at (X100). The distance from the tidemark to the
furthest recognizable chondrocytes was used as a suitable comparative measure
of the height of the zone of uncalcified fibro-cartilage (Evans et al. 1990).

For the electron microscope study 50 patellar tendon insertion into patellae
and anterior cruciate ligament of 25 adult rabbits weighing between 3-4 kgms
were used. The structural features of human and adult rabbit patellae are
similar (Clark and Stechschatte, 1998). Therefore rabbit was used to obtain
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Recent epidemiological studies of injuries indicate that the knee is the
structure of greatest risk. Of the four primary ligamentous structures in the
knee, the two that are injured most commonly are the anterior cruciate ligament
and medial collateral ligaments especially among athletics (Hull 1997, Rovere
& Adair 1983 and Golleham et al. 1985). Anterior cruciate ligament (ACL)
reconstruction using the central patellar tendon autograft has been widely
accepted and maybe considered the standard ideal for ACL substitute for
restoring functional knee stability (Harris et al. 1997, Clancy 1985 and Franke
1985).

Ligaments are dense connective tissue structures which attach bones across
joints . Following injury, ligaments do not heal by regeneration but by the
formation of scar tissue similar to healing in other soft connective tissues
(Frank et al.1983 and Loitz & Frank 1993).

Both normal and healing ligaments are composed of two major
components, the extra—cellular matrix (the majority of which, excluding water,
is composed of typel fibrillar collagen) and ligament cells (Amiel et al. 1984
and Amiel et al. 1990). While considerable effort has gone to characterize the
extra-cellular matrix in both normal and injured ligaments, information
concerning the cells in these ligaments is fragmentary and as a consequence
there is only a generalized understanding of them (Ian et al.2002).

Reconstruction of the anterior cruciate ligament in reconstructive knee
surgery remains a source of controversy (Gao & Messner 1996). Previous
reports have described the use of autogenous materials like fascia lata but today
the implantation of patellar tendon with bone blocks at both ends is regarded as
the golden standard for anterior cruciate ligament surgery and reconstruction
providing it also with good vascularization (Clark & Stechschutte 1998, Bray
et al 1988 and Dandy 1987). It has the advantage of high primary strength and
rapid osseous ingrowth of the bone blocks (Butler et al. 1979).

Aim of the work

The present investigation was undertaken to study the morphological
features of the bone/soft tissue interface at the site of quadriceps tendon
insertion and patellar ligament attachment.

This was carried out by morphological, histologic and magnetic resonance
imaging studies. This work aims to evaluate the use of patellar tendon as an
autograft in reconstructive knee arthroplasty.
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A Morphological and Histological Study of the Interface Between Bone
and the Attachments of Quadriceps Tendon and Patellar Ligament

Mohammed A. Motabagani and Eiman M. Abdel Meguid

Department of Anatomy, College of Medicine, King Faisal University,
Dammam, Saudi Arabia

Abstract

Knee ligaments anatomy has been recently the focus of research because of
the frequent need for reconstructive arthroplastic surgery in this area. At present,
the implantation of patellar tendon is regarded as a golden standard for anterior
cruciate ligament reconstruction surgery. The present study was undertaken to
investigate the anterior cruciate ligament and patellar tendon morphologically,
histologically and radiologically to demonstrate the use of patellar tendon in
autograft reconstructive knee arthoplasty. Morphology at ligament and tendon
insertions were studied to establish a background for subsequent studies of
insertion altered by disease and to gain impression of function based on
structural relations. Morphology of quadriceps tendon insertion with special
emphasis on the shape of soft tissue/bone interface and thickness of calcified
fibrocartilage were studied. Specimens were taken from 50 rabbit's patellae and
40 cadaveric patellae. Using MRI taken from 50 living human subjects, the
actual length relationship of knee ligaments were measured. The morphology of
the interface between patellar tendon and bone was described in relation to the
mechanical properties and the response of bone to stress. A description of the
transformation zones that occurs in the structure of patellar tendon and ligament
as they insert into the bone was demonstrated. The differences between the
quantities and distribution of uncalcified fibrocartilage at the attachment of
quadriceps and the origin and insertion of patellar ligament were reported. It was
concluded that the implantation of the central third patellar tendon has the
advantage of high primary strength when used as autograft in reconstruction of
anterior cruciate ligament as it leads to minimal morbidity and high functional
knee stability.

Introduction :

Knee ligament anatomy and physiology have for long been the focus of
research because of the frequent need for reconstructive surgery in this area.
Restoration of a normal ligament bone junction (enthesis) after reconstruction
is regarded as prerequisite for satisfactory results (Rodeo et al. 1993).

Despite the importance of tendons in transmitting muscle force to rigid
bone levers and of ligaments in maintaining structural and functional continuity
of the skeleton, only few investigators have studied ligament and tendon
insertions (Allegra et al. 1993).
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It is recommended that ‘agricultural extension” must be intensified towards
‘Al-nakheel” farmers and villagers regarding vaccination of their cattle. Saudi
villagers usually keep small number of cows, sometime as low as 4-5 cows per
farm.

It would be of interest to examine the ill-effects that BVD vaccines might
impose on cattle in Saudi Arabia. This could be done in a future study.

The elucidation of the epidemiology of BVD in Saudi dairy farms is
recommended. This is of particular importance as such information is lacking
in the literature.
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The clinico-pathological picture of the examined aborted and stillborn
calves were similar to those reported for BVD virus infection elsewhere
(Hegazy, 1995; Barlow et al , 1975; Done et al, 1980; Whitemore, 1981).

The pathology of infection in the dead calves, in the present study, reflected
the involvement of a wide variety of tissues. These tissues could be grouped
into three main categories: nervous tissues (brain and optic nerve),
gastrointestinal and lymphoid tissues (thymus, spleen and lymph nodes). The
common finding in these tissues was the involvement of blood vessels with
vasculitis (meningeal vessels, ileal submucosal blood vessels and follicular
arteriole and medullary vessels). The vasculitis and the direct effect of the virus
replication in the target cells are considered to be the central pathogenesis of
BVD virus infection. Jubb et al, (1995) supported such a conclusion by stating
that vasculitis is a major feature in the pathgenesis of BVD virus infection.

The involvement of the nervous tissues in the present study explains the
birth of weak calves with nervous symptoms. The cerebellar hypoplasia could
be attributed to the direct effect of the virus on the brain tissues specially the
cerebellum. This is evident by poor population of the molecular layer and
degeneration and/or necrosis of Purkinje cells. In addition, hypomyelination or
defective myelination (dysmyelinogenesis) was clear.

The optic neuritis and the loss of myelin sheath may, in part, explain the
birth of blind calves seen in the present study. The same signs were described
by Brown et al, (1974). Cataract adds to the severity of the lesion which
resulted in the loss of eye’s sight.

Bovine viral diarrhoea antigen was detected by FAT in all the stillborn
calves and those with other affections suspected for BVD virus infection. Such
a result indicate that BVD virus infection is widespread in the Eastern Region
of Saudi Arabia.

Although vaccination against BVD is routinely practiced in Saudi Arabia,
the present study confirmed that clinical BVD is widespread.

Indeed, this situation reflects that a large section of the cattle population
can miss vaccination against the disease. On the other hand, the village cattle
which are kept at “ Al-nakheel” farms are not vaccinated against BVD. So,
they can maintain the virus in the environment and this might constitute a
continuous threat for dairy farms in the Kingdom.
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The fluorescent antibody test:

Specific fluorescence was seen in MDBK cell culture inoculated with
tissues samples from all (100%) of the examined aborted or stillborn calves.
Typical picture is shown in (fig. 13).

No FAT activity was detected in the MDBK cells inoculated in the buffy coats
from the adult suspected cattle.

Fig. 13: Specific fluorescence stain for BVD virus in MDBK cell culture inoculated
with tissues samples from aborted calf (right). Negative control (left).

Virus Isolation:

Vero cell culture monolayers inoculated with buffy coats from suspected cattle
did not show any discernible cytopathic effect even following two blind
passages.

Discussion :
Results been described in the present study constitute the first of its kind in
the Kingdom of Saudi Arabia.

Findings of this study plainly exposed the BVD epidemiological picture in
the Eastern Region of Saudi Arabia.

It is of great interest that typical mucosal disease, which is clinically very
similar to rinderpest, was not seen during the survey period. This could be due
to high herd immunity in adult cattle that rendered them immune from the
disease. However, and since that cattle foetuses do not receive maternal
antibodies while in-utro, they are not usually protected from the virus
especially before 150 days of gestation period when their immune response
have not developed yet.
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Fig 11: Abomasum and duodenum, note edema and congestion of mucosal folds

“tiger’s strips” pattern or zebra markings. The associated lymphoid tissue and
mesenteric lymph nodes were severly congested almost black.

Histopathological results:

Severe lymphoid depletion of the lymphoid follicles was the remarkable
finding. The mucosal vessels were congested. There was edema in the
submucosa with fibrinoid degeneration of the ileal submucosal vessels. There
was mild to moderate perivascular aggregation of mononuclear cells. At the

ileocecal junction, there was an extensive ulcer with edema of the submucosa
(fig.12).
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Fig 12: ileum, note mucosal necrosis. H&D. X100
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with focal gliosis and necrosis of the ganglionic neurons. Thymic follicles were
depleted leaving a relative abundance of the thymic epithelial cells with
interlobular edema, haemorrhages. Vasculitis was also present in lymph nodes
and spleen. The vasculitis was manifest by fibrinoid degeneration of the
medullary vessels or follicular arteriole and associated with perivascular edema
and mononuclear cell inflitration.

Fig 9: Brain, perivascular cuffing and vasculitits. H&E. X100

Calves with Diarrhoea:
Gross picture:

The buccal mucosa showed erosions and superficial ulceration (fig. 10).
there were extensive ulcers in the abomasum towards the pylorus. Severe
congestion, edema, haemorrhages and ulcerations/necrosis were observed in
the abomasums (fig. 11) and distal part of the ileum and ileo-caecal junction.
Congestion and edema of the intestinal mucosal folds gave it the characteristic

Fig 10: Tongue, erosion and superficial ulcers.
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Fig 7: Lung, Bronchopneumonia

Calves with nervous signs:
Gross picture:

The eye showed cataract. There was mild hypoplasia of the cerebellum
with narrowing of the folia which appeared with shallower convolutions (fig.
8). Congestion of the ileal mucosa was outstanding with ecchymotic
haemorrhages overlaying the peyer’s patches. Bronchial and mesenteric nodes
were remarkably congested and haemorrhagic.

Fig 8: Brain, hypoplasia.

Histopathological results:

There was numerical decrease and ectopia of purkinje cells. Some purkinje
axons were swollen, degenerated or necrotic with accompanying neurophagia.
Folial edema with cavitation of the white matter was also noted. Non-
suppurative leptomeningitis and mononuclear perivasculitis were also present
(fig. 9). The folial white matter showed extensive damage to myelinated fibers
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Calves with Respiratory Stress:
Gross picture

Multiple subpleural haemorrhages and focal atelectatic areas (fig. 6) were
embedded one cm. beneath the pleura. The cut section revealed red
hepatization of the lung parenchyma and widening of the interlobular septa
with edema. The cut section of the brain revealed multiple discrete petechial
haemorrhages of both the cerebral hemispheres.

Fig 6: Lung, note atelectatic areas in both lungs.

Histopathological results

Microscopic examination of the lung revealed a variety of pathological
changes including pulmonary hyalinization, and bronchopneumonia (fig. 7).
Interstitial edema and lymphangiectasia were seen. Smaller air ways were
filled with inflammatory cells predominantely neutrophils. Thick layers of
eosinophilic fibrillar and/or granular material were lining the alveoli. The
interlobular septa were distended with edema, haemorrhages and congested
vessels. The lymphatic vessels were dilated and partially occluded with fibrin
thrombi. Multiple perivascular cerebral haemorrhages were prominent. In the
cerebellum, there were interlacing alterations of ectopia and degeneration of
Purkinje cells with a poor population of the molecular layer suggesting
cerebellar hypoplasia. The hepatocytes appeared vacuolated with cavitation of
the reticular endothelial kupffer cells.
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Calves with diarrhoea:

In day 20 post-natal, five calves developed severe watery diarrhoea, which
soon became bloody. One calf showed severe emaciation and dehydration
despite antibiotic treatment, rigorous parenteral feeding and Ringer’s fluid
rehydration. The other calves had intermittent diarrhoea, anorexia and
depression.

Pathological picture:
Stillborn calves
Gross picture

The ventral superficial cervical retropharyngeal and mesenteric lymph
nodes were discolored reddish black in cut section due to haemorrhages. The
spleen of one calf seemed to be relatively shrunken with irregular subcapsular
suffusions. The thymus was studded with multiple petechiae and ecchymoses.
The intestinal mucosae of the duodenum, ileum, ileo-cecal junction and
proximal part of the colon, as well as, the rectum were congested and
oedematous. The placentas revealed no macroscopic abnormalities.

Histopathological results

The lymphoid follicles of the aforementioned lymph node were hypoplastic
with multiple haemorrhages in the parenchyma. The spleen showed massive
lymphoid depletion (fig. 5) and sub capsular haemorrhage. The interlobular
vessels of the thymus were congested and haemorrhages were seen in the
parenchyma. Vasculitis was prominent in medium sized vessels with radial
orientation of the lining endothelium. There was migration of the intima.
Perivascular aggregation of mononuclear cells was also noticed.

Fig 5: Spleen. Note depletion of Lymphoid follicles. H&E. X10
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Fig 4: A calf affected with BVD. Note Fig 3: A calf affected with BVD. Note
keratitis the cataract.
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The calves with Respiratory Distress:

The affected calves could not rise to suckle. Three hours postnatally they
began to shiver and developed breathing difficulties that progressed rapidly
from tachypnea to open mouth breathing with audible respiratory sounds and
died.

Calves with nervous signs:

Marked neurological signs were recorded in some calves although they
were born without difficulty and was conscious at birth. With elapse of four
hours, the calves were still adopting the same sitting position or squatting with
the heads from side to side or up and down.

Astasia (inability of the calf to stand) was marked by several unsuccessful
attempts to stand (fig. 1). Most of the time, the animals remained squatting
with opisthotonus of the head. The animals showed a sleepy appearance and
lateral prostration after little period of activity. There was an impairment in the
vision due to congenital cataract. The left caudal superficial cervical lymph
node was hypoplastic when compared to the right one. In general the calves
suffered from stunting growth, anorexia, occulo-nasal discharge (fig.2)
Cataract (fig.3) Keratitis (fig.4) and depression.

Fig.1: A calf affected with BVD. Note the congenital
cataract and swelling of knee joint
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Virus detection :

The indirect fluorescent antibody test (FAT) of Fernelius and Lambert
(1969) was followed to detect BVD virus antigens in MDBK cell cultures
which were inoculated with samples from tissues of all suspected pathological
cases of aborted or stillborn calves (Buxton and Fraser, 1977).

Results
Clinical Findings :

No mucosal disease nor other suggestive symptoms of BVD infection were
observed in adult cattle. However, abortions and stillbirths were seen.

Table (1) shows the clinical manifestations seen in the affected neonate or
aborted calves during the period of study. Of the 29 examined calves, 3 were
aborted autolysis, 6 were born dead at full term, 3 developed respiratory stress
and died few hours post-nata. Six were born weak, one died after 24 hours and
five developed nervous signs and died at 10-25 days of age. Five calves were
born normal, but showed severe diarrhoea at day 29 of age.

Table (1)
Clinical signs of the aborted and stillborn calves
No. of affected . . .
Clinical observations Malformations
calves
5 Born normal but showed severe "
diarrhoea at day 20 post-natal.
3 Aborted autolysis. -
6 Born dead at full term. -
Developed severe respiratory
3 distress and died within few -
hours.
1 Weak at birth, died after 24 hours i
post-natal.
Weak at birth, developed nervous
5 signs and died at 10-25 days of -
age.

*- =no malformations were seen.

No apparent deformities were seen in the aborted nor the stillborn calves
in this study.
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4- Mucosal Disaese (MD):
Persistently viraemic animals may succumb to mucosal disease (Brownlie,
1985). MD has been shown to be associated with the cytopathogenic BVD
virus biotype (Brownlie et al 1984; Bolin, 1993).
MD can have a rapid onset that the first signs are morbid animals. It is
invariably fatal. In more common cases, animals become anorexic for few
days, become reluctant to move. They then show diarrhoea, mouth erosions
along the gingival margin. They also show salivation and lacrimation, lose
body condition and die.
Necropsy findings are usually those of erosion of the gut mucosa. The most
salient features are those noticed on the lymphoid Peyer’s patches in the
small intestines and in the colonic tonsils.
The epidemiological situation of BVD in Saudi Arabia is not clear. No
studies were previously conducted.
The aim of the present study is to probe the clinico-pathological disease
situation so as to have a baseline for future studies.

Materials and Methods

Field investigations:

The field investigations involved the following:
Sampling:

Samples from clinically suspected cases were collected from different
slaughter houses and veterinary clinics and used for pathological
investigations. Such samples also included aborted or dead neonate calves.
Cattle with clinical symptoms suggestive of BVD infection were examined and
samples of whole blood were collected in ethylene diamine tetra acetic acid
(EDTA), for virus isolation attempts.

Laboratory investigations:
Pathological examinations:

Aborted foetuses or carcasses, from suspected BVD cases, were subjected
to postmortem examination. Tissue samples from thymus, lymph nodes,
cerebellum, spleen and different parts of intestines were collected, for
histopathological examinations, in 10% neutral formalin, processed by paraffin
method and 3-4 um sections were made. These sections were stained with the
standard method of Haematoxylin and Eosin (H and E).
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BVD can be manifested in several distinct clinical forms :

1-

Acute infection :

This acute form usually occurs in young animals. It may be associated with
diarrhoea (Baker, 1995). The virus is immunosuppressent, so the affected
animals may suffer from concurrent infections. Sporadic severe outbreaks
of the acute form have been reported to be associated with haemorrhagic
lesions and thrombocytopenia causing high mortality (Bolin and
Ridpath,1995; Baker, 1995). Fever, pneumonia and diarrhoea with
haemorrhagic signs were also reported in any age group ( Carman, 1998 ),

Congenital infections :

Congenital infections due to BVD are usually associated with non-
cytopathogenic viruses. They cause abortions, stillbirths and teratogenic
effects on the foetus (Brownlie, 1985; Duffell and Harkness, 1985; Baker,
1995; Moennig and Liess, 1995).

Infection of pregnant cows with the BVD virus at the first trimester usually
results in abortion of a conceptus that is small and goes unnoticed by the
farmer. The cow would return to service but fails to maintain pregnancy. In
this case, early embryonic death is suspected (Baker, 1995; Moennig and
Liess, 1995). Another outcome of early BVD virus infection during
pregnancy would be the death and absorption of the fluids from the foetus
leading to its mummification.

Other congenital effects could be eye defects such as cataracts,
dysmyelination, retarded growth and arthrogryposis.

When BVD virus infection occurs after 150 days of pregnancy, the immune
system of the foetus will be developed and so, its infection will result in
antibody response and it will not be affected.

Persistent viraemia:

Calves may be born with persistent viraemia if they were infected before
110 days of gestation, i.e before they are immunocompetent (Stokstad, et
al, 2003). In these calves, the clinical signs vary from the apparently
healthy animal to the weak, unthrifty calf that cannot stand or suckle. These
latter calves can show ataxia, muscular tremors and blindness. Such calves
often die within few days of birth. Their condition is referred to as the “
weak calf syndrome”.

The viraemic cattle that survive to sexual maturity will be a source of
infection to other cattle; and so must be removed from the herd.

Both male and female cattle can transmit the virus sexually.
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Clinico-pathological Studies on Bovine Virus
Diarrhoea (BVD) in Eastern Saudi Arabia

Adel I. Al-Afaleq; Ali. A. Hegazy; E. M.E. Abu Elzein; and Bisher A. Al-Bishr

College of Veterinary Medicine and Animal Resources
King Faisal University, Alhasa, Saudi Arabia

Abstract :

To the best of our knowledge, this is the first study to be conducted on
bovine virus diarrhoea (BVD) in the Kingdom of Saudi Arabia. The study
involved the Eastern Region of the Kingdom.

Samples were collected from clinically suspected cases which were
subjected to clinico-pathological and virological studies.

The results indicated that the disease is widespread in the Eastern Province.
The epidemiological situation of the disease was discussed in relation to future
control of the disease.

Key words : Bovine viral diarrhoea ; Eastern Saudi Arabia

Introduction
Bovine virus diarrhoea is a highly contagious disease of cattle. Cattle of all
age groups are susceptible to infection.

The first description of BVD was made in New York, USA in 1946
(Buxton and Fraser, 1977). The etiological agent was isolated in 1957; which
was later classified as pestivirus of the family Flaviviridae (Pringle, 1999).

BVD virus is closely related to the border disease virus of sheep and to the
classical swine fever virus. Some of the BVD viruses are cytopathogenic,
others are non-cytopathogenic.

Recent molecular biological studies revealed that BVD viruses could be
differentiated into two distinct serotypes, which exhibit salient antigenic and
biological differences. Each biotype is involved in various clinical forms. For
instance, type 2 BVD virus isolates are usually non-cytopathogenic and are
linked with the severe form of the disecase (Carman et al 1998). Both
genotypes can cause clinically inapparent infections.
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Fig. 1. Immunohistochemistry detection of L. intracellularis infection in the
intestine utilizing monoclonal antibody a) case 1 showing specific staining in
the apical cytoplasm of enterocytes of villi. b) case 1 negative control (treated
with the same staining protocol except the primary antibody is substituted by
mouse ascites fluid), ¢) case 2 showing specific staining in the apical part of
cytoplasm of enterocytes of crypts and d) positive control (obtained from a
known Lawsonia-positive case). Scale bar = 50 pm.
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diagnosis assigned and those without a diagnosis assigned. Failure to detect L.
intracellularis infection in a limited number of older horses supports the
observation that this disease mostly affects foals under 12 months of age. In
addition, the intestinal sections of foals that had no enteric disorders in group 2
failed to show any positive staining using immunohistochemistry with L.
intracellularis antibody. These findings suggest that L. intracellularis is a
pathogen of young horses and may be detected in the intestines of foals with
enteric disorders but this organism is not commonly found in foals
asymptomatic for enteric disease.

In conclusion, utilizing immunohistochemistry, it was possible to document
L. intracellularis infection among the horse population retrospectively.
Documentation of this disease among the equine population in Minnesota
indicates the emergence of a new enteric disease in horses. Proliferative
enteropathy should be considered in the differential diagnosis in foals with
nonresponsive enteric disease. Specific testing using immunohistochemistry
may be required to appropriately diagnose the disease after postmortem
examination.
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of the tissue. Despite the fact that increased thickness of the small and large
colon was described in the original pathology report of case 2, this lesion was
attributed to Salmonella spp. However, L. intracellularis was present in large
numbers in the crypts of the intestinal tissue which could have contributed
significantly to the outcome. It is possible that the intestinal lesions described
in case 2 resulted from a mixed infection of Lawsonia and Salmonella. Such
mixed infections have been reported in swine(12). In case 1, intestine lesions
may have been entirely due to Lawsonia. Therefore, based on these findings,
proliferative enteropathy may be underdiagnosed or misdiagnosed if the
appropriate testing is not performed.

The Lawsonia positive horses were 6 and 8 months of age and died in
October and December, respectively. This is the age at which most cases of
proliferative enteropathy in horses have been reported in the literature. We
have detected a higher prevalence of proliferative enteropathy seropositivity in
horses during the months of October, November and December (unpublished
data). It is unclear whether this reflects age predisposition or change in weather
or management practices.

Despite the fact that our study detected only two Lawsonia positive horses,
this number represented approximately 5% of the diseased population.
Examination of the records of the diseased population in this study showed that
the most commonly isolated bacterial pathogen was Salmonella spp.
Following Salmonella, L. intracellularis represented the second most
commonly diagnosed bacterial pathogen in the examined diseased group. This
study represents a first attempt to describe the occurrence of proliferative
enteropathy in horses retrospectively. Prior to this study, proliferative
enteropathy has been reported in individual cases or in outbreaks of horse
farms. In swine, abattoir surveys have shown that 5-20% of animals may have
proliferative enteropathy(10). The percentage of proliferative enteropathy in
affected horses in this study is within the range reported for swine and was
found with a frequency high enough to consider proliferative enteropathy as a
differential diagnosis of enteric diseases in horses under one year of age.

Immunohistochemistry analysis of intestinal tissues from horses with
undiagnosed enteric disease that were older than 12 months of age failed to
detect positive cases (unpublished data). This limited number of animals
studied was similar to those in the group 1 except for their age and the failure
to assign a specific diagnosis to the enteric disease. The foals in group 1
represented all foals submitted with enteric disease including those with a
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Results:

Immunohistochemistry analysis revealed two L. intracellularis-positive
cases in group 1. On the other hand, immunohistochemistry testing detected no
L. intracellularis positive cases within group 2 (foals less than one year of age
without enteric disorders). In group 1, one case of proliferative enteropathy
was an eight-month-old American Saddlebred colt submitted to the Veterinary
Diagnostic Laboratory for intestinal disease.  Unfortunately, no other
information was available for the case. Immunohistochemistry analysis of
small intestinal tissues showed extensive staining of L. intracellularis mostly in
the apical portion of the cytoplasm of absorptive enterocytes on the villi (Fig
la, b). In addition, a small number of organisms were scattered throughout the
cytoplasm of glandular epithelial cells and in the lamina propria.

The other case of proliferative enteropathy in group 1 was a six-month-old
filly of unknown breed that was submitted to the Veterinary Diagnostic
Laboratory with a history of diarrhea and fever. Salmonella spp was isolated
from the intestine and hemolytic E. coli was grown from the lung, kidney and
liver. The filly was previously treated with trimethoprim sulfonamide drugs
and IV fluids. At necropsy a mild increase in the thickness of the small colon
and a significantly thickened and edematous large colon were described.
Additionally histopathologic examination revealed mild diffuse non-
suppurative inflammation of the mucosal surface of the small colon while the
submucosa of the large colon was edematous. Immunohistochemistry
indicated the presence of a heavy infection with L. intracellularis in random
sections of the small intestine (Fig 1c). Organisms were mostly located in the
apical part of the cytoplasm of enterocytes in the crypts with a few organisms
migrating through/between enterocytes into the lamina propria. A few
organisms were detected in inflammatory cells in the submucosa.

Discussion :

The use of L. intracellularis-specific antibody to detect antigen in the
intestinal tissues is a definitive diagnostic test for proliferative enteropathy(13).
In this study, immunohistochemistry was used to test the available intestinal
tissues obtained from cases within the population sample. A major obstacle
faced in this retrospective study was the tissue sampling from the foals
examined since intestinal sections were taken at random during a routine post
mortem. Since proliferative enteropathy is characterized by the presence of
multiple layers of enterocytes in infected crypts. Such lesion was not detected
after re-evaluation of the sections using H&E staining due to the poor condition

149



Documentation of Proliferative Enteropathy in Foals Ghanem M. Al-Ghamdi et. al.

thickness of the small intestine and hyperplasia of the crypt epithelium.
Probably the most significant finding was the description of curved, rod-shaped
organisms in the apical cytoplasm of the crypt epithelial cells. Later, Williams
and his group(13) used classical and molecular approaches to identify
Lawsonia intracellularis as the causative agent of proliferative enteropathy in
the horse. Following that report, several individual cases of proliferative
enteropathy have been reported as well as an outbreak in a group of horses
(1,3,5,11).

Clinical signs of proliferative enteropathy are not unique and may include
depression, diarrhea, weight loss or poor weight gain and death in untreated
cases. The causative agent, L. intracellularis, is an intracellular bacterium that
is non-culturable in conventional media (7, 8). Therefore, the disease is
difficult to confirm in live animals and can be easily misdiagnosed with
another enteric diseases such as Salmonellosis or Potomac horse fever. The
main goal of this study was to document the occurrence of proliferative
enteropathy due to L. intracellularis in foals in the State of Minnesota, USA.
To achieve this goal, a retrospective study was initiated.
Immunohistochemistry (IHC) was used to diagnose L. intracellularis-infected
foals among cases submitted to the Minnesota Veterinary Diagnostic
Laboratory.

Materials and Methods:

Case records of 78 foals submitted to the Veterinary Diagnostic Laboratory
between 1990 and 1998 were reviewed and grouped into two groups. Group 1
included 44 foals representing the total number of foals ranging in age from 3-
12 months which were submitted for enteric-related disorders. Group 2
included 34 foals representing foals ranging in age from 3-12 months
submitted for problems unrelated to enteric disorders.

Paraffin-embedded tissues of small intestine were examined using
immunohistochemistry with a L. intracellularis-specific antibody. A positive
control obtained from a previously diagnosed case of equine proliferative
enteropathy as well as a negative control were included in the evaluation.
Immunohistochemistry was performed on intestinal sections from selected
cases using the streptavidin/biotin method with L. intracellularis-specific
monoclonal and/or polyclonal antibody that were developed at University of
Minnesota, Minnesota, USA(4, 9).
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'Departments of Veterinary Biomedical Sciences, *Veterinary Population Medicine,
University of Minnesota, St. Paul, Minnesota 55108, USA
Abstract:

Proliferative enteropathy (PE) caused by Lawsonia intracellularis, which is
an obligate intracellular bacterium, has been reported in individual horses as
well as outbreaks in groups of horses. Nevertheless, the prevalence of the
disease in the equine population remains unknown. Our goal was to determine
the occurrence of L. intracellularis in foals in the State of Minnesota, USA. To
achieve this goal, a retrospective study was performed. The hypothesis was that
Lawsonia infection existed as an undiagnosed entity among foals submitted to
the Veterinary Diagnostic Laboratory in Minnesota. Case records of 78 foals
submitted between 1990 and 1998 were reviewed. Two groups of foals were
investigated. Group 1 included 44 foals representing the total number of foals
ranging in age from 3-12 months which were submitted for enteric-related
disorders. Group 2 included 34 foals that have the same age range but were
submitted for problems unrelated to enteric disorders. Paraffin-embedded
intestinal sections were examined using immunohistochemistry with a L.
intracellularis-specific antibody. Two foals out of a total of 44 (5%) examined
were identified as L. intracellularis positive in group 1. No L. intracellularis-
positive cases were identified among foals in group 2. L. intracellularis was
only detected in foals with intestinal disease. The disease may be misdiagnosed
if L. intracellularis-specific testing such as immunohistochemistry is not
included.

Introduction

Proliferative Enteropathy (PE) is an enteric disease that mostly affects
weanling animals; however, on occasion adults may be affected. The disease
has been described in multiple animal species including horse, pig, hamster,
deer, dog, blue fox, guinea pig, rat, ferret, monkey, rabbit and birds (emu and
ostrich)(6).

In horses, proliferative enteropathy was described first time in 1982 in a
six-month-old Arabian foal(2). The report briefly described a history of
anorexia, depression, and diarrhea. On presentation, the foal had symptoms of
diarrhea and weakness. In addition, pathologic examination revealed increased
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Appendices
Table (1)
analysis of variance for meat quality parameters
Chi-Square
Source DF tendern flavour icen Overall
enderness vou juiceness acceptability
intercent 1 1939.30 187.48 3209.57 87.97
p (0.0001) (0.0001) (0.0001) (0.0001)
breed 1 1.28 27.63 15.68 18.14
(0.2586) (0.0001) (0.0001) (0.0004)
cut 1 1.40 13.15 12.60 51.68
(0.2368) (0.0043) (0.0004) (0.0001)
breed*cut 1 0.28 1.04 1.33 10.21
(0.5939) (0.7909) (0.2490) (0.0169)
Note: Pr > Chi Square in parenthesis
Table (2)
Analysis of breed and cut contrasts
Chi-Square
Contrast DF
tenderness flavour juiceness Overall
] acceptability
. . 0.21 12.42 3.45 5.42
Awassi vs. Najdi ! (0.6445) (0.0061) | (0.0634) (0.1435)
lee vs. lion 1 0.18 7.77 11.77 42.03
gVs. (0.6682) (0.0510) | (0.0006) (0.0001)

Note:

Pr > Chi Square in parenthesis
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Conclusions :

Within the sampling limitation of this study the sensory assessment
was in favour of the Awassi lambs and loin cut as compared to the Najdi
and leg cut. Development of a lamb sensory evaluation panel trained in
descriptive sensory meat attributes is required to evaluate further
research into production and processing aspects in terms of their impact
on lamb eating quality and market competitiveness. Continued use and
support of the panel by the sheep meat industry and researchers is
required .
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Table (4)
Mean( + SE ) Overall breed and cut
effect on tenderness

Breeds Cuts
Awassi Najdi Sig leg loin Sig
9065+2.56a | 1008+190a | NS | 1148+121a | S2ELOTO |

* P<0.05 NS: Not significant (P > 0.05)

The ether extract (% ) in the muscle of Awassi lambs (3.15 + 0.41) is also
higher than the Najdi lambs (2.76 + 0.23) but not significant (P < 0.05). The
chemical fat is believed to be major factor in eating quality of cooked meat
(Gailietal ; 1992) .

The sensory assessment was in favour of the Awassi lambs meat as
compared to the Najdi. This is in contrast with the general belief that meat
from Najdi sheep is of superior eating qualities than other local sheep breeds .
The result of Gaili et al. (1992) who conducted consumer palatability studies
on cooked meat from Najdi and Awassi sheep revealed non- significant breed
effect on any of the paramters studied ( tenderness, flavour , juiceness and
acceptibility). Therefore, further research is needed to clarify these conflicting
views. The evaluation process has established that the panelists can reliably
quantify tenderness in lamb. Further training of panelists in juiciness and
flavour evaluation is required with exposure to the full range of variables, to
ensure complete reliability in evaluation of these attributes. The panel has been
working with researchers in the university and it is available to other Saudi
researchers and the meat industry to evaluate the impact of production and
processing systems on eating quality. Looking to the future, consideration must
be given to establishment of an ongoing recruitment and training program for
the panel to remain viable. As attrition of the panel will occur as individual’s
circumstances change and they find themselves unable to continue as sensory
panelists, a reserve of potential panelists and a continuous training program
should be developed to ensure that this tool remains available to the sheep meat
industry in the future. To improve the evaluation process it is necessary to
investigate the consistency of the panelists in their evaluation within and
between panels as well as between sessions.
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Table ( 2)

Overall breed and cut mean (+SD) tenderness,
flavor, juiceness and acceptability scores of Najdi and Awassi lambs meat

Cut Breed
Attributes
leg loin Awassi Najdi
Tenderness 327+ 0.76b 3.68 + 0.77a 3.60 + 0.78a 3.36 + 0.78a
Flavor 3.38+ 0.80a 3.62+ 0.81a 3.68 + 0.80a 3.32+0.79b
Juiceness 3.18+ 0.94b 373+ 0.67a 3.67+ 0.79a 3.25+0.87b
Overall acceptability | 3.40+ 0.89b 3.76 + 0.75a 3.72 + 0.85a 3.43 +0.80b

Means within a row bearing different letters are significantly different
(P <0.05)

Consistently the shear force measurements were significantly higher (table
3) in the leg cut compared to the loin (i.e. the breed x cut interaction is non-
significant) . Moreover, there was a higher tenderness in the Awassi groups
compared to the Najdi (tables 3& 4).

Table (3)
Mean( + SE ) Tenderness of muscle in the leg and
loin cuts of Awassi and Najdi breeds

Breeds
Awassi Najdi
Cuts
Leg loin sig leg loin sig
11.62 + 1.60a 7.68 + 1.55b " 11.35 + 091a | 8.81 + 1.81b "
“ “ “4) “
Means within a row bearing different letters are significantly different (P <
0.05)
* P<0.05
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repeat evaluations to be identified. The linear correlation value between the
shear force value and the panel’s measure of tenderness was determined.

Results and Discussion

Examination of evaluation results showed that, overall, there was a
consistency for the evaluation of tenderness as measured by the shear force and
rated by panlists. The comparison of the panel’s results to the shear force value
taken on the same sample showed a negative correlation, such that as shear
force increases, the panel rating of tenderness decreases. This indicates that the
panel was an accurate instrument for the measurement of sensory tenderness
and they can reliably quantify tenderness in lamb.

Analysis of variance in various sensory parameters (appendix tables 1-2)
and comparison of mean tenderness ,flavor and juiceness scores of cooked
meat from Awassi and Najdi sheep (table 1) revealed significant differences
(P <0.05) between the two cuts across both breeds .

Table (1)
Mean (+ SD) tenderness, flavor, juiceness and overall
acceptability scores of Awassi and Najdi lambs meat

Breeds
Awassi Najdi
Attributes Cuts
leg loin leg loin
Tenderness 340 + 0.74c 3.80 +0.79a 3.15 + 0.76¢c | 3.57+ 0.74ba
Flavor 3.55 +0.81ba | 3.82 +0.78a | 3.22 + 0.76b | 3.42+ 0.81b
Juiceness 3.47 + 0.84b 3.87 +0.68a 2.90 + 0.95¢ 3.60 + 0.63a
Overall acceptability [ 3.50 + 0.90b 395 +0.74a 3.30 + 0.88a 3.57+ 0.71b

Means within a row bearing different letters are significantly different
(P <0.05)

The overall acceptability score was significantly (P < 0.05) higher in meat
of Awassi sheep as compared to the Najdi breed. This is could be partly
explained by the relatively favourable tenderness , flavour and juiceness scores
in this group of animals (table 2)
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some modifications. At 5 days postmortem, 3 steaks (each 1 inch thick) were
removed from the leg and loin joints of each of the 4 animals/breed, wrapped
in plastic coated freezer paper and frozen at -18°C until used after one week.
The steaks were cooked on a broiler (Elet Trodomestici, LA. Germana, Italy)
to an internal temperature of 71°C monitored with thermocouples (Cole —
Parmer Int. U.S.A.) For sensory evaluation, each steak was cut into six serving
portions (1.5 cm cubes) . Thorough mixing of the meat cubes of each sample
ensured that variations in meat characteristics were randomized across all
panelists. The steakslet were served within 10 min after cooking to 10 semi-
trained panelists. Four test samples were presented to each panelist in each
panel with 2 minutes elapsing between each test to reduce sensory fatigue and
halo effects. Each test sample consisted of two cubes of meat. The panelists
were instructed to taste the samples from left to right. Randomization of
presentation order was used to ensure that each panelist evaluated every sample
during the course of the session but no two panelists evaluated the same sample
at the same time. All panelists received a ballot sheet numbered with the
session code and a test number. Panelists evaluated tenderness, flavor,
juiceness and overall acceptability using a 5-point hedonic scale (I = the
characteristic is least acceptable; 5 = characteristic is highly acceptable). After
the test series was completed each sheet was decoded from a master sheet to
determine which sample the individual panelist had evaluated in each test. The
results were entered into the database for the individual samples. Panel
evaluation was spread over one session. A series of test were also run to
compare the shear force value of samples with the rating of tenderness given
by the panel for the same sample. After the samples were cooled to room
temperature , the shear force value measurements were measured. Rectangular
pieces of 1.25 X 0.80 cm with their axis parallel to the fiber, were removed and
sheared in a Warner — Bratzler shear force device. Results were expressed in
kg/cm? .

Statistical Analysis

Categorical model was fitted to the data and method of contrasts were
used to determine if a significant difference existed between the treatments
(and their interactions) investigated in the sensory evaluation tests using MLM
option in SAS 8.02 (2001) . The evaluation data consists of two repeat
evaluations of the same sample in all cases. The paired T test was used to
analyze the data, with four treatments (sample types) and two observations per
treatment per panelist for the session. This allows significant differences over
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of cooked lamb is considered to be it’s most distinctive palatability
characteristic ( Stone et al. 1993). Flavour, juiciness and tenderness are
complex multidimensional sensory characteristics, which cannot be readily
measured by the use of objective test methods. Therefore, sensory evaluation
plays a primary role in the quantification of meat quality characteristics. There
are two types of sensory evaluation panel available; the consumer panel and the
trained panel. When hedonic information is sought a consumer panel is used,
and when analytical information is sought a trained panel and analytical testing
is utilized. Hedonic tests are those that quantify degree of liking, and analytical
tests indicate if a difference exists between two samples . The most common
method uses a trained panel to rate variations in sensory characteristics of
interest in relation to previously set anchor values. Panelists should be able to
discriminate between a series of samples that exhibit a comprehensive range of
differences (Stone and Sidel 1993). A panel trained in descriptive attribute
sensory evaluation can be a tool used to increase market competitiveness. Meat
sensory evaluation panelists trained in descriptive attribute techniques,
terminology and sensory standards for evaluation of meat are not existing in
Saudi Arabia. Therefore, the development of a lamb sensory evaluation panel
is required particularly for breed comparison in meat eating quality. In this
context, it was attempted to compare the Awassi and Najdi meat sensory
characteristics using a panel semi-trained in sensory evaluation of lamb.

Material and Methods

Individuals from within the community were screened for discriminatory
ability in eating quality characteristics of lamb using sequential triangle testing
(Stone and Sidel 1993). Ten individuals were identified as possessing good
discriminatory skills. Training was carried to familiarize these ten individuals
with test procedures; and improve each individual’s ability to recognize and
quantify sensory attributes; thus permitting precise and consistent sensory
judgements. On completion of training a series of evaluation panels were run.
This involved repeated measurements of the same sample over time. The four
treatments utilized in evaluation were; Awassi Lambs leg cut , Awassi Lambs
loin cut, Najdi Lambs leg cut and Najdi Lambs loin cut. Eight male lambs,
9- 12 months old, average 20 kg. carcass weight are selected for the sensory
evaluation. All the lambs are managed similarly and fed indoors on Rhodes,
berseem and compound feed. The ingredients were approximately 60% barley,
25 % Soya bean meal and proprietary minerals and vitamins. Sensory
evaluation was carried out according to Elgasim et al. (1981) procedure with

138



Scientific Journal of King Faisal University (Basic and Applied Sciences)  Vol. 7 No. 2 1427H (2006)

Sensory Evaluation of Awassi and Najdi Lambs Meat

Osman, B. M. and Aldosari, M. N.

College of Agricultural and Food Sciences, King Faisal University
Al-Hassa , Kingdom of Saudi Arabia

Abstract :

Meat sensory evaluation (juiceness , tenderness , flavour and overall
acceptability ) from leg and loin cuts of Awassi and Najdi lambs was carried out
in a complete randomized design with 2X2 factorial arrangements i.e four
treatments . The overall acceptability score was significantly (P < 0.05) higher in
meat of Awassi lambs as compared to the Najdi breed. Moreover, tenderness
was in favour for the Awassi groups. The loin cut eating quality attributes of the
two breeds significantly excelled (P < 0.05 ) the leg cut . Consistently the shear
force measurements were significantly higher in the leg cut compared to the
loin. It is concluded that within the sampling limitation of this study the sensory
assessment was in favour of the Awassi lambs . Overall balanced assessment
necessitates further experimentation on these genetic resources within the
context of sheep production and marketing systems in Saudi Arabia.

Key words: Sensory Evaluation Awassi Najdi lambs

Introduction:

Saudi Arabia is one of the middle east highest consumers of meat products.
(El gasim and Ahmed 2002). Access to high quality red meat is of central
importance to the consumers and producers. Changes in lifestyle of Saudi
consumers, and concerns in the community over health issues have greatest
impact in the sheep meat industry. As consumers turn to alternative protein
sources such as chicken research must identify the characteristics most
important to consumers when purchasing meat. These include good reliable
quality, freshness, tenderness, flavour, taste , low fat and health benefits. In
developed countries lambs rated lower than expected on tenderness, juiciness,
flavour, health benefits, good reliable quality and value for money (FAO
2001) . The factors tenderness , juiciness and flavour relate to the eating quality
of the meat and it has been shown that repeat purchases of a meat cut are
overwhelmingly influenced by previous experience of the eating quality of the
meat (Lawrie 1998).

Meat eating quality can be defined in terms of the sensory attributes,
tenderness, juiciness, and flavour (Lawrie, 1998). Tenderness and juiciness are
the two sensory components of the perceived texture of lamb, while the flavour
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Effect on grain germination and water absorption:

It is quite obvious from Table (6) that wheat grains treated with S. seshan
seed extracts showed significant reduction viability initially (1-24hrs) and after
8 weeks of storage. The reduction of germination in treated grains after storage
(9-16%) was more than observed initially (4-6%). The highest reduction in
germination was 6 and 16% in grains treated with acetone extract in initial and
after storage time respectively.

There was increase in water absorption due to treatments. Most of
treatments at initial time and 8 weeks after storage were significantly different
from the control.

These findings in reduction germination and water absorption are in
agreement with Ahmed and Mahgoub (1996); Mahgoub et al., (1998); Ahmed
and Kassis (2000); Mahgoub et al., (2000), who observed a reduction in the
viability of wheat grains and cowpea seeds treated with plant extracts, as well
as that no adverse effects of these plant extracts on water absorption.

Conclusion :

The results obtained in this study suggest good potential for the use of S.
seshan seed extracts as an insect mortality factor. Concentrations at LCos of
petroleum ether, chloroform and acetone extracts (7.4, 3.7, and 15.0 ml/kg) are
active as a toxicants against S. granarius attacking grain and oviposition
deterrents as well. They can give good protection to wheat grain for nearly 2
months, and reduce loss in wheat grain weight.

Considering the above results, S. sesban seed extracts have great
potentiality in the management of an important stored grain pest such as S.
granarius.
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to the control. The results suggest that S. sesban seed extracts may be a good
protectant for wheat grains against S. granarius.

Different plant extracts was also tested against S. granarius (Schmidt et al.,
1991; Ahmed and Kassis, 2000; Al-Moajel, 2000; Ahmed et al., 2002a), and
the results indicated that wheat grains were well protected by some plant
extracts.

Effect on weight loss:

Data presented in Table (4) show a decrease in grain weight with increase
in concentration in each plant extract tested. The control gave the highest
weight loss (12.16%), while the wheat grains treated with LCos concentrations
in all extracts gave the lowest weight loss (0.11 — 1.45%). Acetone extract
produced the lowest loss of weight (0.11%). All treatments significantly
reduced the grain weight, but the higher concentration gave more reduction in
weight loss (88.07 to 99.1%).

The maximum reduction in weight loss was recorded in the acetone extract
(99.1%), which gave almost complete protection of grains after storage.

Many investigators (Parsai et al., 1990; Niber, 1994; Singal, 1995; Keita et
al., 2001, Abdel-Latif, 2003) working with different plant materials concluded
that the percent of grain weight loss decreased with increase in concentration
the plant materials used.

Effectiveness of plant extracts after storage:

After 5 weeks of storage all extracts inflicted as high as 94 — 95% mortality
on S. granarius (Table 5), thus they were giving almost complete protection to
grains for more than 5 weeks of storage period. After 8§ weeks of storage, all
extracts, were only partially effective, the percentage mortality found being
only 59, 70 and 42% in grain treated with petroleum ether, chloroform and
acetone extracts, respectively.

The present results (5-8 weeks protection) agree with those of other
workers on S. granarius and other insect species with different plant extracts.
Brassica napus seed extracts have been found to protect stored wheat grain
against S. granarius (Al-Moajel, 2000). B. rapa seed extracts have been
reported to be very effective in protection cowpea seeds against C. maculatus
(Ahmed et al., 2001). Capparis spinosa seed extracts gave complete protection
to cowpea seeds against C. maculatus (Ahmed et al., 2002b).
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After 5 days from application, 49-57% mortality was observed at the lowest
concentrations of all extracts, but mortality reached 100% at the highest
concentrations of all extracts.

After 7 days from application, all tested concentrations of all extracts,
except the lowest, killed mostly all the insects.

Table (2) indicates that chloroform extract was the most effective extract.
The lethal concentrations (LC) calculated by probit method were LCs0=1.9, 3.8
and 4.2 ml/kg while LCos was 3.7, 15.0 and 7.4 ml/kg for chloroform, acetone
and petroleum ether respectively.

The three extracts of S. sesban seeds demonstrated significant toxic effect
against S. granarius adults, in spite of the fact that LCso value of the
chloroform extract was about half that of petroleum ether and acetone extracts.
Also, the LCos value of chloroform extract was about half that of petroleum
ether extract and one fourth that of acetone extract.

The toxicity of a number of plant extracts has been evaluated against stored
products insects (Ho, et al., 1994; Talukder and Howse, 1995; Huang et al.,
1997, 2000; Lale and Yusuf, 2001; Al-Moajel, 2003). This means that many
plant materials can be used as insect toxicants but these investigators gave no
details about the active components. Results reported in this study show that S.
sesban has an insecticidal effect on S. granarius.

Effect of plant extracts on egg laying and F1 adults emergence:

It is evident from Table (3) that egg laying in grains treated with the tested
extracts at LCso values was reduced by 89-94% as compared with the solvents
control, while no eggs were laid in all extracts at LCos values. 24-27 eggs per 5
females where laid in the solvents control.

Consequently, complete suppression of progeny production was observed
at LCos concentrations. At LCso concentrations, progeny development was
significantly reduced by petroleum ether and acetone extracts, whereas no
progeny emerged in chloroform extract.

Eggs laid in the LCso of chloroform extract (1.3 egg/5 pairs) did not
produce further progeny, perhaps indicating an ovicidal activity of this extract.

From the above results, it is evident that all extracts tested at both
concentrations levels tested (LCso and LCos) were found very effective in
suppress oviposition and adult emergence of S. granarius adults as compared
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Table (6)
Percent water absorption and germination of wheat grains treated with
Sesbania seshan seed extracts and stored for 8 weeks.

Average percent weight increase Average percent
- of grains submerged for (hours)* grain germination **
g -% _ Initial After storage Initial After storage
on

B B

g E= = =

ESE i =

Al 1| 5 24 1 5 | 24 | GASEM | X 3| G#SEM | & 3
E E

Petroleum
ether 232 | 38 612 212 36* | 59* | 92+1.152 4 84+2.02 9
(7.4)

Chlz’;"gf)"m 240 | 38 | 590 | 220 | 352 | 552 | 90+0.00" | 6 | 80+2.52¢ | 13

A(‘ig“(’)‘)‘e 2% | 360 | 56° | 20° | 36* | 57 | 90+1.15¢ | 6 | 78+1.15% | 16
Control 18° | 32° 514 16° | 30° | 50° | 96+0.58%¢ 93+0.00°
F-value [4.37]16.00]113.50] 16.60 | 4.71 |10.53 10.67 14.75
F-tabulated 4.066
* Nombers followed by the same letter in the same column are not significantly different at the
5% level (P < 0.05).

** Nombers followed by the same letter in the same column are significantly different at the
5% level (P < 0.05).

Results And Discussion
Toxicity of extracts against adults:

Data on the effectiveness of S. sesban seed extracts against S. granarius
adults (Table 1) showed that all extracts elicited mortality, which ranged
between 20-23% within 1 day after treatment in the highest tested
concentrations. No mortality was noticed in the lowest tested concentrations of
all extracts within the same period after treatment. Nevertheless, all extracts
showed high activity after 3 days of treatment, so the efficacy of extracts on
adults was significantly different (F=15.385). the efficacy of the extracts was
highly significant at higher concentrations. The 4 ml/kg concentration produced
40 and 45% mortality at petroleum ether and acetone extracts respectively,
while the same chloroform extract concentration exhibited 95% mortality
within 3 days of application. For petroleum ether and acetone extracts a longer
exposure time (7 days) was needed to obtain 100 and 94% mortality,
respectively.
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Table (4)

Mean percentage of loss in treated wheat grains due to feeding
by Sitophilus granarius adults after 8 weeks storage period.

Mean per cent o .

Treatment (i(l)/rll{c.) weight loss of t-value Q(}Vzig:;

g grains + SEM uett
%

Petroleum |42 (LCy) 7.27+0.50 ??g* 4806271
extract 7.4 (LCos) 1.45+0.05 : :
Control 12.16+1.50

Chloroform | 1.9 (LCs) 5.63+0.43 4.19% 53.70
extract 3.7 (LCos) 0.93+0.04 7.48* 92.35
Control 12.16+1.50
Acetone 3.8 (LCso) 3.77+0.35 5 -42: 69.00
extract 15.0 (LCos) 0.11+0.006 8.03 99.10
Control 12.16+1.50

* Significant (o = 0.05).
Table (5)

Adult mortality of Sitophilus granarius in treated grains with Sesbania sesban

seed extracts during 8 weeks after treatment

% Mortality
Exposure times
(weeks) Petroleum ether Chloroform Acetone

Initial 97 98 95

1 95 96 95

2 96 95 96

3 96 95 94

4 94 93 95

5 95 94 95

6 88 90 83

7 87 85 60

8 59 70 42
Slope -1.1262 -1.6404 -1.7371
LTos 2 2 2
LTso 61 72 17
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Table (2)
Toxicity of Sesbania sesban seed extracts to Sitophilus granarius adults.
Extract LCso ml/kg LCoys ml/kg Slope
Petroleum ether 4.2 7.4 6.55
Chloroform 1.9 3.7 5.5
Acetone 3.8 15.0 2.71
Table (3)

Inhibition of oviposition and adult emergence (F1) in Sitophilus granarius

by application of Seshania sesban seed extracts on wheat grains.
Conc Mean egg Mean offspring
Treatment (ml/k °) production per 5 | Reduction | per S pairs + | Reduction
g pairs + SEM SEM

Petroleum | 3.2 Eigmg 2.040.58 o 0.3+0.058 o

extract ' . 0.0+0.00 0.0+0.0
X 27.043.60 11.0+2.00

Control

t-value -6.85* -5.35%

Chloroform | 1.9 (LCso) 1.310.36 94 0.0+0.00 100
extract 3.7 (LCos) 0.0+0.00 100 0.0+0.00 100
Control 24.0+2.40 9.0+1.00
t-value -9.2%* -

Acetone 3.8 (LCso) 2.7+0.33 89 1.00+0.58 88
extract 15.0 (LCos) 0.0+0.00 100 0.0+0.00 100
Control 26.0+4.20 9.0+1.00

t-value -5.59* -6.93*

* Significant (o = 0.05).
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in egg laying and F:1 progeny were calculated according to the following
equation:

C-T

x100

where C: Number of eggs layed or adults emerged in the control.

T: Number of adults emerged in treatments.

To calculate the grain weight loss index (WL), the following equation
was used:

%WL = (IW - FW) x100 / IW
where IW is the initial weight and FW is the final weight.
Means of all determinations (+SEM) were recorded.

For comparisons between treatments and control of oviposition, adult
emergence and percentage weight loss, T-test Student’s was used. Germination
and water absorption were analyzed by one-way analysis of variance, and
means were compared using DMRT.

Table (1)
Mortality of the granary weevil, Sitophilus granarius adults fed on wheat
grains treated with Seshania sesban seed extracts. .

Extract applied on Corrected mortality (%) after days*

Treatment wheat (ml/kg) 1 3 5 7 14

3.0 (02bd 202 49 60? 72%

Petroleum 4.0 Oa: 40:: 75 p 100: T
ether extract 5.0 0 70% 98 100 —
6.0 218 804 1004 - -

7.0 238 968 1004 - ---

1.5 oah 3020h 528 64 80°

Chloroform 2.0 0 65 100¢ — —
extract 3.0 188 85¢le 1004 — -
4.0 22be 95¢ 1004 - -

2.0 0cfht 30% 57 69° 77*

Acetone 4.0 0em 45¢h 75 94b 100°
extract 5.0 4eﬂﬂ 551fc 98df 100b .
7.0 16 70 1004f - -
8.0 209 90 1004 — -

F-value| 11.245 15.385 21.268 32.814 12.163
F-tabulated 2.089

* Seventy five adults in three replicates were used for each concentration.
- Nombers followed by the same letter in the same column are not significantly different
(P<0.05) by Duncan’s MRT.

125



Use Of Sesbania sesban (L.) Merr Seed Extracts ... Nadra h. Al-Moajel

granarius adults were introduced into each tube (replicate). After 45 days, the
grains were shifted and reweighed.

Ten gram of untreated wheat grain (3 replicates) where heated at 105°c for
18 hrs and reweighed to determine moisture content.

Weight loss was calculated as the difference between the final and initial
weights of treated or untreated grain, corrected for changes in moisture content,
and expressed as a percentage of the initial weight of grains.

Residual effect:

Persistence of S. sesban seed extracts on treated grains was determined by
treating 6 kg of wheat grain with each extract at LCos concentrations plus a
controls, then storing in the incubator (3 extracts + 3 controls). From each
treatment, 30 g were taken weekly and divided between 3 vails (3 replicates).
Twenty adults were introduced into each vail, and mortality counts were made
after 3 days for 8 weeks.

Grain germination and water absorption:

grains ability to germinate was investigated according to the International
Seed Testing Methods (Anonymous, 1966) to find out the effect of the extracts
on wheat grains treated by LCos® concentrations.

Germination was tested at initial time and after the end of storage period (8
weeks) in 90 dia Petri-dishes containing wet cotton wool. Ten grains randomly
selected from each flask, treated with LCos concentrations of each extract and
controls, were placed in 36 trays (three replicates each and moistened daily
with distilled water. Percentage of germination were determined after 10 days.

Effect of these plant extracts on percentage grain water absorption was also
evaluated by adding 4ml of distilled water to 2 g of previously treated grains
(36 Petri dishes, 90 mm dia). After various time exposures, 1,5,24 hr, grains
were weighed for each treatment. (Sighamony et al., 1986).

Statistical analysis:

The percentage mortalities of adults were subjected to one-way analysis of
variance (ANOVA) (Snedecor and Cochran, 1968) after correction of the
percentage mortality by Abbott’s (1987) formula. Means were compared with
Duncan’s multiple range test (DMRT) (Duncan, 1951) (P < 0.05). Data
obtained from the various concentrations were subjected to probit analysis in
order to estimate LCso and LCos values (SPSS, 1999). Percentages of reduction
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Treatments:

A stock solution of every extract was prepared by redissolving Iml of the

extract in 10 ml of its solvent to obtain different concentrations of each extract.
Wheat grains treated with petroleum ether, chloroform and acetone, separately,
were considered as negative controls.
For each experiment, the extracts were evenly spread over the grains in each
vail (replicate) by shaking manually for 2 min. 25 insects were introduced into
each vail after evaporating the solvents in air. The vails of all experiments were
kept under controlled conditions of 27+1°c and 60+10% r.h.

Mortality assessment:

To investigate the effect of S. sesban on S. granarius, adult mortality,
different concentrations (3,4,5,6 and 7 ml/kg of petroleum ether extract, 1.5, 2,
3 and 4 ml/kg of chloroform extract and 2,4,5,7 and 8 ml/kg of acetone extract)
were prepared and each mixed with 10 g of wheat grain in tubes of 3x10 cm
size.

When the solvents had dried up, 20 newly emerged adults of mixed sex
were introduced into each replicate (three replicates for each treatment).
Mortalities were assessed at 1,3,5,7 and 14 days after treatment.

Fecundity:

The effect of each extract on biology of S. granarius adults was tested.

Two groups of 27 glass tubes, each containing 5g of wheat grains, were
treated separately with three plant extracts at LCso and LCos concentrations
with three replicates for each concentration and control (three solvents control).
Ten sexed S. granarius adults (5 males + 5 females), were introduced into each
treated wheat grain tube, and left for two weeks, then removed. Egg count in
the first group of treated tubes was carried out. Acid fuschin stain was used for
the detection of the eggs (Frankenfeld, 1950). The second group was kept
undisturbed until adults emerged, where the number of newly emerging adults
were determined daily when the earliest emergence was observed, to prevent
overlap of first and second generations.

Percent grain weight loss:

Grain weight loss was also estimated (Khare and Johari, 1984). Batches of
10g wheat grains were treated with LCso and LCos concentrations of S. sesban
and controls (three replicates each), then the tubes were shaked vigorously for
optimum coverage of the grain surface. After solvents evaporation, 20 S.
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powders and extracts have strong effects on stored grain insects such as
toxicity and the inhibition of reproduction (Regnault - Roger and Hamraoui,
1993; Talukder and Howse, 1995). Various plant by-products from Asia,
Africa and America have been tested recently with a good degree of success as
protectants against a number of stored grain insect pests (Rajapakse, 1990;
Regnault — Roger and Hamraoui, 1991, 1993).

Some indigenous plants in the kingdom of Saudi Arabia are known to
possess some biological activity against insects (Elhag et al., 1996; Al-Moajel
and Al-Dosary, 2002, 2003; Al-Moajel and Al-Fuhaid, 2003).

Sesbania sesban is a native plant in Saudi Arabia (Abdel Magid et al.,
1988). It can provide a wide range of products: forage, green manure,
firewood, gum, pulp and paper, edible leaves and flowers (NAS, 1979).

This paper describes experiments to assess the efficacy of S. sesban seed
extracts for protection stored wheat against attack by S. granaries, a serious
pest of a great variety of stored products in tropical and sub-tropical parts of
the world.

Materials and Methods
Cultures:

Test insects were drawn from laboratory cultures reared in jars. New
cultures were obtained by removing about 100 adults (unsexed) and placing
them in a glass jars (size 14x10.5x30cm) containing 300g of wheat grains, and
left to bread until new adults emerged. New adults (2-14 day old) were used for
the experiments.

The cultures were kept in the incubator under controlled conditions of
27+1°% and 60 + 10% r.h. The vails of all cultures were kept closed by
perforated lids to prevent the insects from climbing outside the vails.

Plant extracts:

Seeds of S. sesban were obtained from the local markets, washed, air-dried,
ground and then extracted in a Soxhlet apparatus separately with petroleum
ether (at 550c), chloroform (at 60oc) and acetone (at 650c) for 6 hrs in each
case (Talukder & Howse, 1995). The extracts were dehydrated with anhydrous
sodium sulphate, then evaporated.

These extracts were stored in screw-capped glass vails at 4oc until needed
(Islam, 1983).
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Use Of Sesbania Sesban (L.) Merr Seed Extracts for the
Protection of Wheat Grain Against the Granary Weevil,
Sitophilus granarius (L.) (Coleoptera: Curculionidae)

Nadra H. Al-Moajel
Girls college, Riyadh , Saudi Arabia

Abstract :
Studies on the efficacy of petroleum ether, chloroform and acetone extracts of
Sesbania sesban (L.) Merr seeds against Sitophilus granarius in wheat grain
revealed that there was significant toxic effects of all extracts on the adults. Based
on LCos concentrations, chloroform extract was the most toxic (3.7 ml/kg),
followed by petroleum ether extract (7.4 ml/kg) and acetone extract (15.0 ml/kg).

All extracts prevented oviposition and adult emergence at LCos
concentrations, and reduced oviposition by (89-94%) at LCsy concentrations. Adult
emergence was reduced (88-97%) in the petroleum ether and acetone extracts by
97% and 88%, respectively, however, chloroform extract completely prevented
adult emergence.

Infested grain loss was significantly lower in all extracts when comparied with
the control. All treatments gave high protection for up to 6 weeks after treatment.

Water absorption was significantly increased in all treatments, and
germination was significantly decreased in all treatments.

Key Words: seed extracts, grain protectants, Sesbania sesban

Introduction :

Wheat is an important food in the Mediterranean region and worldwide. It
is attacked by several insect pests during storage (Nakakita, 1998). Use of
synthitic chemical insecticides for grain protection is a common practice, but it
may have drawbacks including toxicity, attendant resistance problems, and
environmental pollution (Georghious and Lagunes-Tejeda, 1991; Yusof and
Ho, 1992). In fact, management of stored product pests, using materials of
natural origin, is nowadays the subject which received much research to
overcome there problems, because of their little environmental hazards and low
mammalian toxicity (Isman, 1994).

Botanical materials are a rich source of bioactive organic chemicals. Over
2000 plant species around the world are known to possess pest control
properties (Ahmed et al., 1984). Previous research indicated that some plant
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Table (4)
Mean monthly temperature, relative humidity, rainfall and monthly
catches of C.albiceps and W.nuba in Riyadh Region ,Saudi Arabia.

C. albiceps | W. nuba

Temperature T°C Mean Mean *total total *

Month % RH rainfall monthly monthly
Max. mean | Min. mean (mm) catch catch
01 -,pesi 36.1 20.2 15.3 0 136 28
01 -,u2s 26.4 12 28 0 1050 166
01 e 26.1 13.1 50 23 703 125
02 -, 19.8 8.4 51 8.3 114 48
02 -, 24 9.5 36 4.7 52 20
02 -, 28.6 15.1 44 14.7 710 138
02 -4, 34.1 18 27 2.8 855 130
02 -, 41 23.9 14 0 356 87
02 405 43 25.5 11 0 109 26
02 -406 45 27.1 10 0 7 15
'”(‘)";"" 433 26.5 12 0 13 20
02 -, 41.3 23.6 15 0 22 35
02 -, 5=l 36.9 19.2 19 0 99 63
02 -,.as 27.7 13.3 44 4.6 700 112
02 -,acn 21.8 10.1 58 14 494 54
03 -, 21.3 6.9 46 2.1 59 16
03 -l 254 11.8 39 2.9 55 39
03 -,k 28.8 13.9 30 6.4 495 130
03 -yl 35.2 19.7 28 12.2 542 109
03 -4k 40.3 25 17 1 198 35
03 -5i0 43.9 26.8 11 0 24 12

C.albiceps total monthly catch * = total No. of C. albiceps in all sites in a month.
W. nuba total monthly catch * = total No. of W. nuba in all sites in a month.
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less than in the first year; this might be due to the low rainfall and in the second
year. During this survey, many other insects, such as Sarcopha sp., Musca sp.
and Calliphora sp. were also captured.

Although C. albiceps was the most abundant fly in the four sites (Table 4),
yet the larval survey carried out in the same area during the same period
(Alahmed, 2003) revealed that 87% of larval myiasis cases were due to C.
bezziana, 9 % due to C. albiceps and 4% due to W. nuba. This is opposite of
what has been found, and it suggests that important behavioral differences
among the three fly species may exist in their ability to cause dermal myiasis.
Dermal myiasis caused by fly larvae of C. megacephala, C. albiceps, C.
bezziana and W. nuba in livestock in Saudi Arabia has been reported on several
occasions (Alahmed, 2001; Ghandour , 1988 and Ramadan et al, 1980).

Although SL4 is a specific attractant for C. hominivorax (Mackley and
Brown, 1984), during this survey very few number of C. bezziana were caught,
this may suggest that either the density of C. bezziana in the area is very low,
or there are some important differences in the behavior of C. hominivorax and
C. bezziana. In a similar study by Zoe et al (1998) they found that Lucitrap (a
trap for Lucillia sp) baited with lucilure (a commercial attractant for Lucillia
sp) was effective for trapping L. cuprina in Tasmania, but ineffective for
trapping the same fly species in Hungary, and they attributed these differences
in trap catches to the behavior of the two populations. In fact, many new
improvements on the dispensing system of SL 4 and the use of odour baited
targets for trapping of screwworm flies were discussed by Torr and Hall (1992)
and Green et al (1993). These improvements should be included in any future
control programs to this pest. Further studies on the ecological and
physiological behavior of C. bezziana in Saudi Arabia are required.

The results of this survey revealed that flies causing myiasis are becoming
serious pests in Riyadh Region, and all efforts should be made to control them.
The prevention of myiasis is mainly achieved by reducing the number of flies,
by sanitary measures and the use of insecticides. It is also necessary to treat the
infested hosts.

Acknowledgement:
Thanks are extended to the Agricultural Research Center, College of Agriculture,
King Saud University, for financial support.
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The shelf life of each batch is one month (most of these chemicals are
carcinogenic and they should be handled with care).

Forty ml of SL4 were placed into a vial (60 ml glass) with No. 2 dental
cotton wick extending 1.5 cm above the mouth of the vial as a dispensing
agent, and the vial was placed at the center of the sticky trap which was put at
the ground level. The collected traps were transported to the laboratory in a
container with blue ice (Rubbermaid incorporated, Wooster, OH, USA) to
minimize the temperature inside the container. Adult flies were removed
carefully from the sticky traps by pulling them off gently with forceps or by
using an organic solvent such as white spirit. The removed flies were identified
according to Zumpt (1965) and Spradbery (1991) and recorded. Other insects
were also recorded. Daily minimum and maximum temperature, R.H and
rainfall were recorded over the survey period (Table 2). For statistical analysis,
ANOVA was done (SAS, 1987).

Results and Discussion:

During this survey, three fly species which cause dermal myiasis were
caught (Table 2); these were Chrysomya albiceps, W. nuba and C. bezziana. In
all four sites, C. albiceps (Fig.1) was significantly higher than W. nuba
(P < 0.05); on the other hand, W. nuba (Fig.2) was significantly higher than C.
bezziana (P< 0.05). C. bezziana was caught in very low numbers when
compared to the other two species (Table2), but it was significantly higher at El
Ammariya than the other sites (P<0.05). The ratios of W. nuba to C. albiceps
in El Muzahmiya, El Dirrhiya, Hurymila and El Ammariya were 1: 7; 1: 5.3; 1:
4.3 and 1: 3.5 respectively (Table 3).

The Results showed a strong negative correlation between the mean
numbers of C. albiceps and W.nuba caught at all sites(Table 4) and the mean
monthly temperature (P<0.01 ; r=0.28 and P<0.01; r=0.24 respectively).
Similarly, there was a strong positive correlation between the total numbers of
C. albiceps and W.nuba caught at all sites and the mean monthly relative
humidity ( P<0.01 ; r =0.39 and P<0.01 ; r =0.29 respectively). From these
results it seems that the distribution of C. albiceps and W. nuba flies may be
influenced by the prevailing climatic conditions, such as temperature and
humidity and probably the availability of hosts. Two distinct peaks were
observed for the seasonal activity of C. albiceps and W. nuba during the year,
in April and in November, where the moderate temperature and R.H. may
favor the seasonal activity and development of insect population (Table 4).
However, in the second year (Figs 1& 2), the number of flies attracted were

111



Seasonal Activity of Flies Causing Myiasis ... Al-Ahmed A. M. et. al.

Despite the importance of flies that cause myiasis to livestock in Saudi
Arabia, little is known about their distribution and abundance. Therefore,
a study of their distribution and seasonal activity in Riyadh Region, using
sticky traps baited with SL4 was done.

Materials and Methods:

For survey of flies causing myiasis in Riyadh Region, 4 farms were
selected at El Muzahmiya (80 km W.), EL Ammariya (50 km N.W.), El
Dirrhiya (30 km. NW) and Hurymila (100 km N) of Riyadh city. El
Muzahmiya is an animal farm which belongs to the Department of Animal
Production, College of Agriculture, King Saud University, and more than 100
camels and few numbers of sheep and goats are kept in the farm. Most of the
animals in EL Ammariya, El Dirrhiya and Hurymila farms are mainly sheep
and goats, in addition to some cattle. The survey period extended from October
2001 to June 2003, during which each farm was visited once every two weeks.
In each visit, 3 black sticky traps (35X30 cm) baited with SL4 were distributed
50-100 meters apart near animal pens, then colleted next day. Swormlure-4
(Mackley and Brown ,1984) was prepared as shown in table (1).

Table (1)
Concentration of chemicals used in preparation of Swormlure-4
Chemical Concentration Volume
Sec-butyl alcohol 18.7% by volume 187 ml
Iso-butyl alcohol 18.7% by volume 187 ml
Dimethyl disulphide 18.7% by volume 187 ml
Acetic acid 18.7% by volume 187 ml
Butyric acid 6.2% by volume 62 ml
Valeric acid 6.2% by volume 62 ml
Phenol 5% by volume 50 ml
P-cresol 5% by volume 50 ml
Benzoic acid 1.2% by volume 12 ml
Indole 1.2% by volume 12 ml

In mixing up the ingredients for SL4, the solid components were weighed

first, and placed into a glass container in a warm water bath to dissolve them.
Then liquid components were measured and added to the contents of the glass
container in any order, but dimethyl disulphide was added last (because of its
nasty smell). The compounds were mixed gently and kept at room temperature.
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Seasonal Activity of Flies Causing Myiasis in Livestock
Animals Using Sticky Traps Baited With Swormlure-4 in
Riyadh Region, Saudi Arabia

Alahmed, A. M. ; Al Dawood, A. S. and Kheir, S. M.

Dept. of Plant Protection, College of Agriculture, King Saud University,
Riyadh, Saudi Arabia.

Abstract :

Flies causing myiasis were monitored using sticky traps baited with
swormlure-4 in El Muzahmiya, El Ammariya, El Dirrhiya and Hurymila
(Riyadh Region). Three fly species were attracted; these were Chrysomya
albiceps, Wohlfahrtia nuba and Chrysomya bezziana. In all sites, the mean
numbers of C. albiceps were significantly higher than the mean numbers of W.
nuba (P<0.05); on the other hand, the numbers of W. nuba were significantly
higher than the numbers of C. bezziana (P<0.05). The ratios of W. nuba : C.
albiceps in El Muzahmiya, El Dirrhiya, Hurymila and El Ammariya were 1: 7.0,
1: 5.3, 1: 4.3 and 1: 3.5, respectively. Two distinct peaks were observed for the
seasonal activity of C. albiceps and W. nuba flies; in April and November. Their
distribution and seasonal activity may be influenced by the prevailing climatic
conditions and the availability of hosts. The study revealed that flies causing
myiasis are becoming serious pests in Riyadh Region, and every effort should be
made to control them, by sanitary measures and insecticides and other means of
integrated pest management.

Introduction:

Myiasis constitutes a major threat to the development of livestock industry
(Zumpt, 1965). Chrysomya bezziana Villeneuve, C. albiceps, (Wied) and
Wobhlfahrtia nuba (Wied) are the main flies responsible for causing dermal
myiasis in Saudi Arabia (Alahmed, 2001 and Badawi, 1994). Decomposing
beef liver was an effective screw-worm fly attractant for research purposes, but
it never became widely used in surveys, because of its decaying characteristics
and it also attracts many other insects. In contrast, a chemical attractant called
swormlure-2 (SL2) has been developed as an effective attractant for flies that
cause myiasis (Coppedge et al, 1977). Extended field exposure of SL2 results
in a rapid loss of the more volatile components from the mixture, particularly
in humid tropical areas. To improve SL2 attractiveness, swormlure-4 (SL4) has
been developed by Mackley et al (1984).
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Summary and conclusion

A high precision computerized instrumentation package was developed to
monitor and record tractor performance parameters such as forward speed, rear
wheel slip, fuel consumption and drawbar pull. A special attention was given to
the resolution of the transducers, accuracy and the scanning rate. The package
was mounted on a Fiat DT980 tractor to monitor the field performance
parameters.

The paper described the setup of the package and the calibration of
individual transducers of the measured parameters. The results reflected a high
precision for the transducers and the data acquisition system. The average
resolutions for the rear wheel speed, fifth wheel, fuel consumption and drawbar
dynamometer transducers were 0.0011769 m/pulse, 0.002053133 m/pulse,
0.000142857 L/pulse and 19.8296 N/mV respectively. The data acquisition
system was capable of a scanning rate up to 100K sample/sec.
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Calibration and Testing the Instrumentation Package

The drawbar dynamometer calibration constant for tension was concluded
from the certificate of system calibration conducted and certified by Novatech,
the manufacturer of the load cell. Future calibrations of the load cell will be
conducted against known loads on a hydraulic loading rig.

The fuel flow transducer was calibrated by collecting the output pulses for
a known volume (100 ml) of No. 2 diesel fuel.

A quick tests were carried to check the number of pulses per revolution for
each of the two shaft encoders used on the wheels. The circumferences of fifth
wheel (size 145/70-6 @ 24 psi) and the rear wheel of the tractor (size 18.4/15-
34 (@ 35 psi) were measured under recommended inflation pressure on a
straight asphalt course with no load at a speed of 0.5 km/h to assure the
absence of slip. The calibration constants in cm/pulse were found. Similar runs
have to be conducted on test courses other than asphalt or at different inflation
pressures.

Results and Discussion

A high precision computerized instrumentation package was developed and
mounted on a Fiat DT980 tractor to monitor the field performance parameters.
The parameters included forward speed, slip, fuel consumption, and drawbar
pull. The paper described the development and the setup of the instrumentation
package.

The instrumentation package was calibrated for each measured parameter.
On asphalt surface the fifth wheel circumference measured an average of
1.1767 meter with a standard deviation of 0.003 and the minimum resolution
was 0.0011769 meter per pulse. The rear wheel circumference measured an
average of 5.13283 meter with a standard deviation of 0.00168325 and the
minimum resolution of the rear wheel transducer was 0.002053133 meter per
pulse. The wheels calibration curves are shown in Fig. (5). The fuel transducer
gave 7000 pulses/L at full scale frequency of 175 Hz and linearity of £1.0%
which counts to a calibration constant of 0.000142857 L/pulse.

The drawbar dynamometer calibration resolution for tension was concluded
from the certificate of system calibration conducted and certified by Novatech
the manufacturer of the load cell. The average calibration constant was 19.8296
N/mV. The load cell calibration curve is shown in Fig (6).
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The fuel flow rate was measured with an RS 256-225 turbine flow
transducer of a range of 3-90 L/Hr. The transducer has a neutrally buoyant
rotor that spins with the fuel at rotational velocity proportional to the fuel flow.
The rotor movement is sensed when a Hall Effect Switch inside the housing is
activated by three small magnets in the turbine. The transducer was connected
between the main fuel tank and the injector pump for measuring the fuel
flowing from the tank. The return fuel from the injector pump and the injectors
was cooled via a heat exchanger placed in front of the tractor radiator and then
returned to an intermediate vented fuel tank down stream from the fuel
transducer as shown in Fig. (4).

Draft measurement was achieved with a 10 tone Novatech 50-204
bidirectional load cell (Fig. 1). The link points between the drawbar and load
were modified to assure that the load cell is maintained horizontally. A special
steel cage was designed to save the load cell from dropping down and damage.
A Novatech amplifier 58-307 was connected between the load cell and the data
logger.

Injectors i}
4 b |

Injector Pump

Added Instrumentation Unit

Tractor Fuel
Tank

Return Fuel
Heat Exchanger

A0 1ang

UL

Fuel Transducer H Fuel Filter 4

Electric Fuel Pump

Transfer Pump

Fig. (4). Design of the fuel measurement system
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Fig. (3). Data Acquisition System

Transducers

A fifth wheel was developed to measure the tractor forward speed. It was
centered between the rear wheels of the tractor (Fig. 1). This position was
found to eliminate any dragging of the wheel that could result in negative slip.
A tire with lugs wide enough was selected for the fifth wheel to eliminate any
positive slip. The weight of the wheel was also selected to keep the tire in
contact with the different types of surfaces and roughness. The main shaft was
carried by a pair of roller bearings to assure the free rolling of the fifth wheel.
The shaft encoder selected for the fifth wheel was an RS with 1000 pulses per
revolution.

The slip of the rear powered wheel was recorded by monitoring the rear
wheel rotational speed and the fifth wheel actual forward speed. The rear wheel
speed was measured with an RS shaft encoder with 2500 pulse per revolution.
A flexible drive was used to transfer the rear wheel rotation to the shaft
encoder located behind the driver seat.
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Computerized Data Acquisition system

The data acquisition system for the tractor instrumentation package is
composed of a data logger and a portable computer linked together via a
TL925-TLINK interface (Fig. 3). A PC9000, a Windows™ application
software that supports CR9000 program generation, real time display of data
logger measurements, graphing, and retrieval of data files, was used.

The developed data acquisition system was based on a Campbell Scientific
CR 9000 data logger unit driven by a high speed multi-processor base system
intended for applications requiring rapid scan rates with system throughput of
100K sample/second and 16-bit resolution. An additional memory card (CS
M2M) was used along with the general memory module (CR 9080) that
supports 2M flash EPROM and 2M Static RAM. The additional memory card
supports two PCMCI memory cards to assist the data storing capabilities to
keep up with the base of the high speed data acquisition system. The data
logger was also equipped with the following add on modules:

1. 5 volt analog input module (CR 9050) has 14 differential or 28 single-
ended inputs for measuring voltage up to +5V. Resolution on the most
sensitive range is 1.6 uV.

2. The Excitation Module (CR 9060) has six continuous analog outputs with
individual digital-to-analog converters for PID Algorithm, waveform
generation, and excitation for bridge measurements. Each analog output
will provide up to 50 mA between £5V. The module also includes eight
digital control outputs (OV low, 5 V high).

3. Counter-Timer / Digital I/O Module (CR 9070). This module features 12
channels that counts pulses or frequency (pulse count) at frequencies up to
5 MHz. In addition, there are 16 independent digital I/O channels for digital
control, communication, and triggering.

A Toshiba Tecra 8200 with Pentium III 1.0 GHz portable microcomputer
was used to generate the different data logger field testing programs and to
access the data, analyze and store it. The portable computer was also important
for field monitoring of the data and for transducer calibration.
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The specifications of the different transducers used in the instrumentation
package is listed in Table (1). The general arrangement of the data acquisition

system and the transducers is shown in Fig. (2).

Sensor

Table (1)
Transducers and specifications
. . Specification
Unit Item Supplier | Model No. (Max)
Campbell
Data Acquisition Data Logger Scientific CR9000 100k sample/second
Inc.
Data Acquisition | Portable Computer | Toshiba | Tecra 8200 | Pentium III 1.0 GHz
Fuel
. Fuel flow sensor RS 256-225 7000 pulse/L
Consumption
Forward Speed Shaft encoder RS 256-461 1000 pulse/rev.
Rear wheel speed Shaft encoder RS 256-499 2500 pulse/rev.
Drawbar Load Cell Novatech 50-2-6 .19 ane
Dynamometer Bidirectional
Power Switch
s Junction Box | Tractor Battepy
Power ligh ),
]nllil.‘;!'l:lTl @ D 9
Start / Sto,
i’:u&hhultuz O ]
Junction Box 2
Drawbar Dynamometer Bl
Fifth Wheel ———————
Ground Speed ‘!
Sentor | Mestmmesemmes Junction Box 3
Rear Wheel | R 1 ,_‘
Slip sensor TR — T 8200
Junction Box 4
Fuel Flow Campbell Scientific CR 9000 Portable Computer

Data logger

Fig. (2) Line diagram of the instrumentation system
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tractor performance in the farming production of the eastern province of the
Kingdom of Saudi Arabia. Phase I of the project deals with the development of
a data acquisition system for monitoring tractor forward speed, rear wheel
speed, fuel consumption and drawbar pull. In phases II and III, more tractor
performance parameters would be considered that would include wheel torque,
PTO dynamometer and three point linkage.

The objective of this study was to develop and install an instrumentation
package to monitor and record tractor forward speed, rear wheel speed, fuel
consumption and drawbar pull for an average tractor size in Al-Hassa farms.

Materials and Methods

An instrumentation package for monitoring the tractor performance was
developed. The package included the data acquisition system and the
transducers for monitoring forward speed, rear wheel speed, fuel consumption
and drawbar pull. The developed instrumentation package was mounted on a
Fiat DT980 tractor (Fig. 1). A tractor testing laboratory was established at the
Agricultural and Veterinary Training and Research Station of King Faisal
University for the development and calibration of the transducers. The
laboratory consisted of an electronic transducer development unit, calibration
unit for the individual transducers and the tractor installed measurement units.
Also the laboratory included an equipped unit for teaching instrumentation
development.

ontrol Box

Rear Wheel
Transducer

Data Logger

Eifih \WWhaal

Fig. (1). The instrumented Fiat DT 980 tractor
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The traditional method such as the measuring tape and the stop watch for
the measurement of forward speed and axle speed is still used for calibration of
the newly developed dynamic transducers by researchers (Bedri et al., 1981,
and Al-Suhaibani et al., 1994). A ferrous gear with magnetic pickup were used
on fifth wheel, rear wheel and front wheel to measure the axle speed by
Grevis-James et al. (1983), Green et al. (1985) and Graham et al. (1990). Some
researchers used shaft encoders to measure axle speed (Al-Suhaibani et al.,
1994, and Al-Hashem, 1996).

Recently, special attention is directed by the researchers towards the
controls for better management. This is accomplished by first analyzing the
collected performance data and then making the proper decision towards a
better field performance by selecting shifting, throttle position or implement
depth. A high concern is also directed towards tractor and machinery safety
during the field operations (Wang and Zoerb, 1990). This led to a progressive
enhancements of transducer design for better resolutions, accuracy and faster
scanning rate. Here are some of the researchers who contributed in the
transducers development: (Bedri et al., 1981; Smith and Baker, 1982; Grevis-
James et al., 1983; Green et al., 1985; Owen et al., 1987; Tompkins et al.,
1988; Freeland et al., 1989; Thomson and Shinners, 1989; Graham et al., 1990;
Al-Hashem, 1996; and Sumali and Brown, 2001).

The ever developing digital world led to a progressive advancement of data
acquisition systems. This was of high concern by the researchers as it enhances
the scanning rate for more frequent data. Some of the researchers developed
data acquisition units from digital logics and a single chip microcomputer
(Bedri et al.,, 1981, and Tompkins and Wilhem, 1982). Single board
microcomputers, mainly KIM-1 and AIM-65, were used for data acquisition
and data storage on magnetic tapes by Bedri et al. (1982) and Grevis-James et
al. (1983). Data loggers were under progressive development. Green et al.
(1985) used CR-5 digital recorder manufactured by Campbell Scientific, Inc.
Later, Al-Suhaibani et al. (1994) and Al-Janobi et al. (1997) used the CR-7, a
multiple card microprocessor based data logger. Of the shelf data acquisition
boards were used on conjunction with a portable microcomputer on an effort
for higher scanning rates (Al-Janobi et al., 1997; Al-Beleiki, 1998; Reinaldo et
al., 2001; Sumali and Brown, 2001; Hansson et al., 2003; and Grisso et al.,
2003).

At the Agricultural and Veterinary Training and Research Station of King
Faisal University, a 3-phase project was initiated to document and improve
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Agricultural and Veterinary Training and Research Station
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* Department of Agricultural Engineering
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Abstract:

A high precision computerized instrumentation package was developed and mounted on a
Fiat DT980 tractor to monitor the field performance parameters. The parameters included
forward speed, slip, fuel consumption and drawbar pull. The data acquisition unit was based on
a high speed multi processors Campbell Scientific CR9000 data logger linked to a Toshiba
Tecra 8200 microcomputer. A tractor testing laboratory was established at the Agricultural and
Veterinary Training and Research Station of King Faisal University for the development and
calibration of the transducers. Also the laboratory included an instrumentation teaching unit.

The paper described the development and the setup of the instrumentation package and the
calibration of individual transducers of the measured parameters. The results reflected a high
precision for the transducers and the data acquisition system. The average calibration constants
for the rear wheel speed, fifth wheel, fuel consumption and drawbar dynamometer transducers
were 0.0011769 m/pulse, 0.002053133 m/pulse, 0.000142857 L/pulse and 19.8296 N/mV,
respectively. The data acquisition system was capable of a scanning rate up to 100K
sample/sec.

Introduction:

Proper tractor and implements field management depends on accurate
precise performance data that were of concern since the early 1900’s by the
agricultural engineering researchers, educators, machinery companies and
farmers. Hence, transducers and data acquisition development for the
measuring parameters of the field performance of agricultural tractors and
machinery is of increasing attention by the researchers. These performance
parameters includes speed, slip, fuel consumption, drawbar pull and power,
wheel torque, three point linkage power, implement position, implement depth,
fuel temperature, engine temperature, engine speed, transmission selection,

..etc.
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Figure (4) shows typical composite plots for the two decomposition steps
according to the contracting surface (R2) which gives, better regression factors
and less standard deviations in the calculated experimental para-meters. The
activation energy for the dehydration step is in agreement with that reported by
Mu and Perlmutter (19) and indicates that the water of hydration is co-
ordinated water. The activation energy for the decomposition of anhydrous salt
is in agreement with the values of many thermal decomposition reactions. This
supports the view that charge transfer is the rate — controlling step in the
mechanism of carboxylate decomposition (14).

(A)

In [{¥ g(a)/T?|

log {i(a )p]

138 145 153 1.06 1.13
’m
Fig. 4. Composite analysis of dynamic TG data based on the modified coats-
Redfem equation (A) and Dole's equation (B), assuming contracting, R2-model,
(1) first decomposition step and (2) second decomposition step
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Table (1)
Activation parameters of the thermal dehydration and decomposition of
copper tartarate trihydrate calculated according to R2 models

M:Itlg(l’ ;Ssi: ¢ F irs‘]tE ilecompositicl)(l)lg iep Secmgial decomposi‘iioog Ztep
kJ mol ! min ' kJ mol ! min !

(;Z;lgg;if 69.5+1.0 | 9.85£0.03 | 135.240.6 | 13.12+0.03
p=2 59.7 6.3 160.5 17.1
Coats- 3 60.5 6.9 155.6 16.6
Redferm 5 69.8 7.8 145.3 13.5
Method 7 71.7 9.5 124.2 12.0

Av. 65.43+£5.725 | 7.625+1.325 | 146.4%+14.1 14.8£2.4
a=0.1 125.2 11.54 166.6 7.54
0.2 149.7 11.66 181.8 11.20
0.3 167.2 21.23 179.1 10.13
0.4 180.3 19.28 172.2 10.58
Ozawa 0.5 184.1 17.12 160.3 11.80
Method 0.6 191.6 18.55 159.9 10.65
0.7 187.2 16.34 164.2 10.06
0.8 170.8 13.79 166.0 9.32
0.9 160.6 9.52 167.7 8.12

av. 168.5+£33.32 | 15.45+0.38 | 168.6£11.21 | 9.94+1.39

* Analysis according to this method were done using integral methods of Coats-Redfern,
Madhunsdanan, modified coats-Redfern, ......
values of the results obtained using the different methods.

etc and the listed values represent average
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and hence the activation energy and the frequency factor can be readily

calculated.

In general the use of the different approximate integral equations for the
kinetic analysis of non-isothermal decomposition kinetic data according to the
composite method of analysis, gave rise (within experimental error), to
identical values of activation parameters and the correct form of g (o) .

Figure (3) shows the results obtained from non-isothermal measurements
for the dehydration and decomposition reactions, for the samples studied in air
at different heating rates of 5, 10, 15 and 20 deg. min —1.

The activation parameters were calculated and listed in Table 1.

P L
0 O
(a) (b)
08 f I
06 ™
" A\ B \c \p x 8|C|0
¥
04 [ i
02 - ~
i [ i [y Il i ]
90 110 190 210 230 250

50 70

Temperature °C

Fig. 3. Dynamic measurements for copper tartarate trlhydrate thermal

decomposition with heating rate A 5.B 10. C 15 and D 20 (a) first step
and (b) second step
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Hence, the activation energy is calculated from the thermo-gravimetric data
obtained at different heating rates. The frequency factor is obtained from the
equation:

log A = logg(a) - log {BERP(%H (11)

Although the calculated activation energy is independent of the reaction

model and the frequency factor depends on the determined form of g (o), both
E and A could vary much with the fractional reaction .
In the composite method of analysis of dynamic data the results obtained, not

only at different heating rates but also with different (o) values, are
superimposed on one master curve.

This has been achieved by rewriting the approximate integral equations due
to different factors in a form such that the kinetic function g (o) and the linear

heating rate ( 3 ) lie on one side of the equation and (1/T) on the other side.
When use is made of the modified Coats and Redfern equation (1962), then in
order to do the composite analysis the equation is written in the form:

In [Bg(a)} -m(ARH_E (12)
T? E ’ RT

T2
at their respective ( B ) values, on (1/T) must give rise to a single master

Hence, the dependence of In {Bg(a)} calculated for different (o) values

straight line for the correct form of g (o) and a single activation energy and
frequency factor can readily calculated.

When using Doyle’s approximate equation (9) the equation for composite
analysis has the form:

log [g (o) B] = [ log % —2315]-0.4567 (%) (13)

Again, the dependence of the left side of equations [12] and [13] on (1/T)
should give rise to a single master straight line for the correct form of g (ct)
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In the present study , analysis of non-isothermal data were performed using
approximate computational approaches due to (6,8,17,22).

Integral methods are often more reliable and generally preferred than
differential methods of kinetic analysis.

In the Coats—Redfern method (6), the g(a) is approximated to the form:

2
g(a) = A[F:; [1_ 2';1-} e E/RT %
The equation has been written in the form:
I [Q(G)} = I AR(1_W)+E )
T? BE E RT

The quantity In AR 1- 2RT is reasonably constant for most values of E
BE E

and in the temperature range over which most reactions occur. However, both
E and A could vary with the experimental heating rate.

In the Ozawa method(1965), a master curve has been derived from the TG
data obtained at different heating rates () using Doyle’s equation and

assuming that Ep E ) is a constant for a given function of material
BR \RT

decomposed. The function P(RI’E'I') was approximated by the equation:

log P(EJ =-2.315- 0.4567 (Ej 9)
RT RT
so that
E
- log B = 04567 | — | + constant (10)
b 0450 [
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However, non-isothermal methods are becoming more widely used because
they are more convenient than the classical isothermal methods(5).

In non-isothermal kinetics the time dependence on the left side of equation

[1], is eliminated using constant heating rate B = 9T, so that T = To+ B,
dt

where To is the starting temperature and t is the time of heating. Using integral
methods of analysis, equation [1] may be written as:

T
A J e—E/Rt dt (3)
BT,

glo) =

Because the reaction rate is negligible at low temperatures, hence:

AT
g(o) = 5 é e B/R gt 4)

Integration of this equation leads to Doyle’s equation(9) :

_AE|e™* te™ _AE
gla) = RB{ x —£ . du}—R—Bp(X) )

T— o where T tends to o0

where u = (E/RT) and x is the corresponding value of u at which a fraction
of material has decomposed. This equation has been reformulated as:

AE
——)=8B (©)
RB
where B is a constant for a particular reaction at a constant heating rate [3.
The integral function P(x) is not definite and may be written in expanded form
and estimated using procedure of trial — and error type involving iteration(3) .

In g(a) —In P(X) =In (
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temperature in Kelvin and f (o is the kinetic function which takes different
forms depending on the particular reaction rate equation(2.7,8,11,12). In
isothermal kinetic studies, the rate equation used to calculate the rate constant
has the form:

g (o) =kt )
L 300°C
§ Al
=
172
c
g
E - 150°c
2
k=
[7]
[
1 |.|| | "
Ll T 1 L] L)
room temperature
PO | ‘ La _J I
1 2 3 4 5 [

dA
Fig. 2. X-ray diffraction patterns of copper tartarate trihydrate calcined at
different specifid temperature

a
where g(a) = j%, are the integrated forms of f(ct)
0

(2,7,11,12).
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Endo ¢ —y Exa

Mass Loss%

L 1 L : I

200 400 500 0 1000

Temperature °C

Fig. 1. DTA-TG of copper tartarate trihydrate in air and heating
rate of 10deg/min.

X-ray diffraction (XRD) patterns of the decomposition products of copper
tartarate trihydrate are shown in Figure (2). The patterns at room temperature
are those characteristic of the Copper tartarate trihydrate. At 1500C the XRD
patterns showed lines of the anhydrous copper tartarate. Samples calcined at
8000C showed the XRD patterns characteristic of the copper(Il) oxide.
Samples calcined at 12000C showed the XRD patterns characteristic of the
copper (I) oxide.

In general , the rate constant , k of a solid —state reaction is given by the
formal kinetic equation:

% =kf(a)= Aet R f() (1)

Where o [is[I[the fractional reaction; t is the time; A is the pre-
exponential factor; E is the activation energy ; R is the gas constant; T is the
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In the present study, the kinetics of thermal decomposition of copper
tartarate trihydrate were studied using dynamic thermogravimetric techniques.
Kinetic analysis of data were performed and considered with reference to the
various theoretical models of solid-state reactions. The results of the different
methods of data analysis were compared and discussed.

Materials and Methods:

The copper tartarate trihydrate samples were prepared by reacting pure
copper(Il) carbonate with a hot aqueous solution of tartaric acid. The solution
was then filtered and concentrated on a water bath until a solid product was
obtained on cooling. The product was filtered off and kept over anhydrous
calcium chloride. The products were studied by elemental analysis, IR
spectroscopy, DTA-TG analysis and X-ray powder diffraction patterns.

The kinetics of thermal decomposition were investigated by means of non-
isothermal TG technique using Perkin- Elmer 7 Thermal Analyzer. The sample
weights were about 6-8 mg to ensure linear heating and accurate temperature
measurements.

X-ray diffraction patterns for the calcined samples were recorded with a
Philips PW 1710 X-ray diffraction unit using a Cu target and a Ni filter.

Results and Discussion

Figure (1) shows the DTA and TG curves obtained for copper tartarate
trihydrate. The DTA and TG curves showed that the thermal decomposition
occurs in three steps. The first step starts at 40°C. It is characterized by an
endothermic peak at about 80°C accompanied with a weight loss of 20%
(theor. 20.3%). This step can be attributed to the dehydration of the copper
tartarate trihydrate to anhydrous salt. The second decomposition step shows
an exothermic process with a peak at about 220°C accompanied with a loss of
52% (theor. 51.2%) which may be due to the decomposition of anhydrous salt
to copper(Il) oxide. In air, above 280°C, a slight mass increase was observed in
the TG curve and a corresponding broad exothermic peak in the DTA curve,
due to the partial oxidation of Cu to Cu(II)O. The third decomposition step
shows an exothermic process with a peak at about 1050°C accompanied with a
loss of 4% (theor. 3.8%) which may be due to the decomposition of copper(I)
oxide and copper(I) oxide.
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Thermal Decomposition of Copper
Tartarate Trihydrate

Fowzia M. Al-Nowaiser

Department of Chemistry, Faculty of Science, King Abdulaziz University,
Jeddah, Saudi Arabia

Abstract:

Differential thermal analysis - thermogravimetry (DTA-TG) techniques
were used to study the thermal decomposition reaction of Copper tartarate
trihydrate. The kinetics of the non-isothermal decomposition in air were studied
using thermogravimetric techniques. Analysis of the kinetic data were
performed using integral methods due to composite, Coats-Redfern and Ozawa
methods. The results of the kinetic analysis of the non-isothermal data were
discussed in view of various solid state reaction models. The results showed that
the phase boundary (R») model gives the best fit of data. The activation
parameters were calculated and discussed for each decomposition step.

Keywords: Decomposition, Thermal analysis, X-ray, Copper tartarate
trihydrate.

Introduction:

Progress in an increasing number of areas of technology and hence industry
is being recognized as directly related to understanding the factors influencing
reactivity of solids and how they react (10). Thermoanalytical methods have
been used extensively for studying the kinetics of solid powder decomposition
reactions. The kinetics of thermal decomposition of solids are affected by
experimental factors (12,20,25), such as heating rate, particle size, sample mass
and holder design.

Several studies have been published on the thermal properties of metal
carboxylates (4,15,16,18,20,23,24) and, relatively little has been done on the
kinetics of the decomposition (8,21). In the thermal decomposition of Cu(Il)
carboxylates, Cu" salts have been identified as intermediates, and the reaction
of Cu(ll) proceeds in two steps (Cu’"—>Cu'—>Cu’), with possibily
appreciable overlap of the consecutive rate processes(13). Emphasis has been
made on the identification of both products and the intermediate solid phases
appearing during the decomposition process.

The study of the thermal decomposition of Copper acetate (4) leads to the
formation of CuO as an end product.
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which have been examined were also good enough for successful preparation
to be observed. The yield of these compounds is relatively low which ascribed
to competitive formation of by products (6a-f)
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Table (3)
3C NMR chemical shifts of of hydroxamic derivatives 1a-f
13C NMR
R1 R R!CH,
a | 513.6(q),and 22.0 (1) | 5182 (2 x q), and 42.2 (d) 522.6 (1)
b | 51273 (d), 1294 (2 xd), | 5141 (2x q), and 42 (d). 534.9 (1)
130.1 (2 x d), and 135 (s).
¢ | 583 (q). 5182 (q), and 42.2 (d) 5226 (1)
d | 5127.8(d), 1294 2 xd), | 8113 (q), 49.7 (1), and 22.63 (1). 534.9 (1)
129.8 (2 x d), and 135.8
(s).
e | §35.7(1),126.4 (d), 127.9 | 18.2(2x q), and 42.3 (d). 6 30.7 ().
2 xd), 1283 (2 x d), and
140.3 (s).
£ 51272 (d), 1294 (2 xd), | 13.7 (q), 20.0 (1), 29.0 (), and 49.1(t). | 6 34.9 (1)
129.5 (2 x d), 134.6 ().

Future work

Recent study has demonstrated that these compounds are useful precursors to
2-hydroxyamides, which can be obtained after deprotection of the hydroxyl
group. Additionally, reduction furnishes important class of the amino alcohols,
(Scheme 5).(D

HO
OBz 1) Et,N OH
R)\”/NHMG DEN )YNHMe —— R/K/NHMe
2)NaOH R 2) LiAIH,
0 0
Scheme 5

With these precursors in hands, future study will focus on the investigation
of rearrangement of these compounds in more detail in particular to determine
which types of precursors would undergo the rearrangement and under which
conditions. Also it would be of great interest to study the effectiveness of this
rearrangement in the synthesis of many adrenergic antagonist aminoalcohol
drugs and their analogous. Accurate kinetic measurement and analysis using
Hammett parameters would shed light into the mechanism of the process.

Conclusions:

A wide array of potentially useful O-acyl- hydroxamic acid derivatives can
be prepared. Results have shown that the butyl and phenylacetyl groups in (1f)
are the best R and R! groups to use respectively. However, the other R and R!
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The R group of 1d representing n-propyl resonate as triplet at 6 0.96, sextet
at 81.62, and triplet at & 4.30 integrated for 3, 2, and 2 protons respectively.
While the R group of 1f resonates as triplet at 6 0.96, multiplet at & (1.35-140),
multiplet at & (1.55-164), and triplet at 6 3.43 integrates for 3, 2, 2, and 2
protons respectively representing n-butyl group.

The methylene group next to R! in 1b, 1d and 1f have identical chemical
shift at & 3.72 as a singlet. However, same methylene group in 1a, and le
resonates at & 2.30 and & 2.90 respectively. It’s clear that aromatic ring (R') in
le influencing the chemical shift of nearby atoms, so methylene signals are
shifted downfield (to higher & values). The 'H NMR chemical shifts of these
compounds are shown in table 2.

Table (2)
'"H NMR chemical shifts of of hydroxamic derivatives 1a-f
'H NMR
R! R R!CH,
a | 80.94 (3H,t,J 6.6 Hz, $1.20 (6H, d, J 6, (Me),CH), and 4.30- | 52.30 (2H, , J 6.0
MeCH,) , and 1.35 (2H, 4.50 (1H, m, (Me).CH)) Hz)

sextet, J 6.0 Hz , MeCH>)

b | 57.41-8.03 (5H, m, Ph) | 1.20 (6H, d, J 6, (Me),CH), and 4.30- | 53.75 (s)
4.50 (1H, m, (Me),CH))

c [ 80.94(3H,t,J7.0Hz). |51.20(6H,d,J 6, (Me),CH), and 4.30- | §4.21(q,J 7 Hz)
4.50 (1H, m, (Me)CH))

d | 57.41-8.03 (5 H, m, Ph) 5 0.96 (3H, t 7 Hz, MeCH»), 1.62 (2H, 6 3.72 (2H, s)
sextet, J 7.3, MeCHy), 3.42 (2H, t,J
7.3 HZ, MeCH2CHz).

e | 82.90 (2H,t,J 8 Hz, 1.20 (6H, d, J 6.6 Hz, (Me),CH), and | & 2.90 (t, J 8 Hz).
PhCH,), and 7.16-7.73 4.30-4.50 (1H, m, (Me),CH))
(5H, m, Ph).

f | 57.30-7.85 (5H, m, Ph) | 80.96 (3H, t 7 Hz, MeCH,), 1.35-1.40 | 53.72 (2H, s)
(2H, m, MeCH,), 1.55-1.64 (2H, m,
MeCH.CH,), 3.43 (2H, tJ 7.0 Hz,
MGCH2CH2CH2)

In >C NMR spectra, ester carbonyl groups resonate between 5163.3-168.5,
while the carbonyl groups of the amidic groups resonate between & 169.3-
171.7. The identical R group showed identical resonance at 6 18.2 and 42.2
representing the isopropyl group. While the carbon next to R group in 1b, 1d
and 1f resonate at § 34.9. '3C NMR chemical shifts of these compounds are
shown in table 3.
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Hence, the corresponding amines 4a-f were treated with potassium
carbonate and dibenzoyl peroxide in refluxing Et2O. After the appropriate time
(determined by TLC), the white precipitate was filtered off, and pyridine was
added to the solution followed by dropwise addition of the acid chloride to give
la-f, (Scheme 4) as well as the corresponding amides 6a-f as a by-product.
Further, attempts to prepare 1g and 1h precursors via previous methods were
unsuccessful. The reason for this failure is not certain but it may be because of
the electronic nature of N-phenyl group. The yields of these precursors are
shown in (Table 1).

Table (1)
Yields of hydroxamic derivatives (la-f)
Entry | Compound | R R1 Yield (%)
1 la i-Pr Et 26
2 1b i-Pr C6H5 35
3 Ic 1-Pr Me 48
4 1d n-Pr C6H5 40
5 le i-Pr | (CH2)C6HS5 41
6 1f n-Bu C6H5 74

All compounds exhibited satisfactory spectroscopic and analytical details.
IR spectra of these compounds show three major strong and sharp stretching
bands at 1774 cm™, 1663 cm™', and 1522 cm’!.The band at 1774 cm™ is due to
carbonyl group ester (OCO), while bands at 1663 cm™ and 1522 cm! are due to
carbonyl group of tertiary amide and benzene ring respectively. These result is
identical to previously reported result of similar compounds.!?
From the study of 'H NMR spectra of these compounds, the identical R group
shows identical 'H NMR chemical shift. The R group of la-c, and 1le is
identical (isopropyl group) hence, as expected from the '"H NMR spectra shows
the same chemical shifts for this group as a doublet at 51.20 and multiplet at &
(4.30-4.39) integrate for the 6 protons, and 1 proton respectively. However, the
isopropyl group of 1b resonate at 51.20 as broad doublet of doublet (br dd);
this spin-spin splitting may be due to coupling of non-equivalent protons.
Presumably, free rotation about single bond of isopropyl group in this
compound creates different environment to the methyl groups and raise this
coupling patterns.
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1d 1e 1f
AL A8 Q)

N N

0._O o. O

NO,
19 1h

These N-alkyl hydroxamic acids la-f were prepared via benzoylation of
alkyl amines 4a-f with dibenzoyl peroxide to furnish O-
benzoylhydroxylamines 5a-f. Acylation of 5a-f gives the desired hydroxamic
acids (Scheme 4).(1%

o o)
1 1
Bz,0, R\/U\CI R\/U\N/R
RNH, > RHNOBz - o. b

Et,0, K,CO, Pyridine Y

4a-f 5a-f 1af PN
] (0]

R\/U\NHR
6a-f

Scheme 4
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§18.2 (2 x q), 30.7 (t), 35.7 (), 42.3 (d), 126.4 (d), 127.9 (2 x d), 128.3 (2 x d),
128.6 (2 x d), 130.1 (2 x d), 130.3 (s), 134.6 (d), 140.3 (s), 164.5 (s), and 169.1
(s). IR (CHCl3, Vmax /cm™') 1764 (OCO), 1663 (NCO), and 1522 (Ar).

N-Benzoyloxy-N-n-butyl-phenylacetamide (1f)

Purification by flash column chromatography furnished N-benzoyloxy-N-n-
butyl-phenyl-acetamidee 1f (2.0 g, 74 %) as a white solid crystline; mp (132-
134°C). 'TH NMR (CDCls, 300 MHz) § 0.96 (3H, t, J 7.0 Hz, MeCH2), 1.35-
1.40 (2 H, m, MeCH), 1.55-1.64 (2H, m, MeCH2CH2CH>), 3.43 (2H, t, J 7.0,
MeCH2CH2CH?>), 3.72 (2H, s, PhCH>) and 7.30-7.85 (10H, m, Ph). 3C NMR
(CDCl3, 62.9 MHz) 6 13.7 (q), 20.0 (t), 29.0 (t), 39.9 (t), 49.1 (t), 127.2 (d),
128.5 (2 x d), 128.6 (2 x d), 129.4 (2 x d), 129.9 (2 x d), 133.7 (s), 134.0 (d),
134.6(s), 168.4 (s), and 171.7 (s). IR (CHCI3, vmax /em™') 1763 (OCO), 1662
(NCO), and 1524 (Ar).

Results and discussion

A range of hydroxamic acid derivatives of type 1 were prepared.

A number of R and R! groups were chosen to determine how they would affect
the reaction. Hence, the N-i-Pr derivatives (1a-c,e), and N-Bu derived 1f, and
N-n-Pr derived 1d were examined.

A)Lk AL AL

L

1a
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x d), 133.2 (d), 130.3 (5), 163.3 (), and 170.9 (s). IR (CHCLs, Vimax /cm!) 1764
(0CO), 1663 (NCO), and 1522 (Ar).

N-Benzoyloxy-N-i-propyl-phenylacetamide (1b)

Purification by flash column chromatography furnished N-benzoyloxy-N-i-
propyl-phenylacetamide 1b (0.88 g, 35 %) as a colourless oil; 'H NMR
(CDCls, 300 MHz) 6 1.20 (6H, br dd, J 6.0 & 2.0 Hz, (Me)CH), 3.75 (2H, s,
PhCH?2), 4.30-4.50 (1H, m, (Me)2CH ), and 7.41-8.03 (10H, m, Ph). *C NMR
(CDClIs, 62.9 MHz) 6 14.1 (2 x q), 22.8 (t), 42.0 (d), 127.3 (d), 128.5 (2 x d),
128.7 (2 x d), 129.4 (2 x d), 130.1(2 x d), 130.9 (s), 133.7 (d), 135 (s), 167.0
(s), and 170.1 (s). IR (CHCl3, vmax /cm™) 1765 (OCO), 1663 (NCO), and 1522
(Ar).

N-Benzoyloxy-N-i-propyl-propanamide (1c)

Purification by flash column chromatography furnished N-benzoyloxy-N-i-
propyl-propylacetamide 1¢ (0.95 g, 48 %) as a colourless oil; 'H NMR (CDCls,
300 MHz) 6 0.94 (3H, t, J 7.0 Hz, MeCH>), 1.20 (6 H, d, J 6.0 Hz, (Me).CH),
4.21 (2H, q, J 7.0 Hz, MeCH2), 4.30 (1H, m, (Me)>CH), and 7.44-8.05 (SH, m,
Ph). 13C NMR (CDClz, 62.9 MHz) § 8.3 (q), 18.2 (2 x q), 22.6 (t), 42.2 (d)
128.3 (2 x d), 129.9 (2 x d), 130.7 (s), 134.3 (d), 166.9 (s), and 169.3 (s). IR
(CHCI3, Vmax/cm™) 1764 (OCO), 1663 (NCO), and 1522 (Ar).

N-Benzoyloxy-N-n-propyl-phenylacetamide (1d)

Purification by flash column chromatography furnished N-benzoyloxy-N-
propyl-phenylacetamide 1d (1.0 g, 40 %) as a colourless oil; 'H NMR (CDCl;,
300 MHz) ¢ 096 (3H, t, J 7.3 Hz, MeCH>), 1.62 (2 H, sextet, J 7.3 Hz,
MeCH2CH2), 3.42 (2H, t, J 7.3 Hz, MeCH2CH2), 3.72 (2H, s, PhCHy), and
7.30-8.50 (10H, m, Ph). 3C NMR (CDCl3, 62.9 MHz) § 11.3 (q), 22.6 (t), 34.9
(t), 49.7 (), 127.8 (d), 128.4 (2 x d), 128.5 (2 x d), 129.4 (2 x d), 129.8 (2 x d),
130.3 (s), 133.3 (d), 135.8 (s), 168.4 (s), and 171.7 (s). IR (CHCI3, Vinax /cm™)
1764 (OCO), 1663 (NCO), and 1522 (Ar).

N-Benzoyloxy-N-i-propyl-3-phenyl-propioamide (1e)

Purification by flash column chromatography furnished N-benzoyloxy-N-i-
propyl-3-phenyl-propioamide 1e (1.1 g, 41 %) as a white crestline; mp (120-
123°C). '"H NMR (CDCls, 300 MHz) & 1.20 (6H, d, J 6.6 Hz, (Me)>CH), 2.62
(2 H, t, J 8.0 Hz, CH2.CH2CO), 2.90 (2H, t, J 8.0 Hz, PhCH2CH>»), 4.30-4.50
(1H, m, (Me)2CH), and 7.16-7.73 (10H, m, Ph). '3*C NMR (CDCl3, 62.9 MHz)
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Experimental details
Materials and Methods

Infrared spectra were recorded neat, in a solution cell, on a Perkin-Elmer
1720X Fourier transform spectrometer. 'H NMR spectra were recorded at 300
MHz, on a Bruker DPS300.  '3C NMR spectra were recorded at 7SMHz on
Bruker DPS300. Chemical shifts are quoted in parts per million (ppm),
referenced to TMS (0.00 ppm). Coupling constants (J) are reported in Hertz
(Hz). Flash chromatography was performed on (Merck Kieselgel 60F24s, 230-
400 mesh). TLC was carried out using aluminium backed plates precoated with
silica (0.2mm, 60F245) and were visualised using UV, fluorescence (245nm),
phosphomolybdic acid, potassium permanganate solution or dilute sulphuric
acid in ethanol. Chemicals were purchased from Sigma-Aldrich, and Lancaster
at the highest grade available. Anhydrous solvents were obtained from Sigma-
Aldrich.

The acid chlorides were prepared directly before use by heating acid at
reflux with freshly distilled excess thionyl chloride for 30 min followed by
removal of the excess thionyl chloride in vacuo.

General procedure for preparation of N-alkyl-N-benzoyloxy-hydroxamic
acid derivatives (1a-1f).

The appropriate amine (leq ) (0.9 ml, 8.66 mmol), dibenzoyl peroxide
(Bz202) (leq ), and potassium carbonate were refluxed together in diethylether

(30 ml) for 12 h. The formed precipitate was filtered off to give a solution to
which pyridine (leq ) was added followed by dropwise addition of acid
chloride. The mixture was refluxed again overnight. The mixture was then
diluted with water (100 ml) and the organic phase washed with 10 % HCI (2 x
50 ml), brine (2 x 50 ml) and dried over MgSOa. The product was purified by
flash column chromatography (silica gel/ petroleumether-ethyl acetate 3:1).

N-Benzoyloxy-N-i-propyl-butanamide (1a)

Purification by flash column chromatography furnished N-benzoyloxy-N-i-
propyl-butaneamide 1a (0.530 g, 26 %) as a colourless oil; 'H NMR (CDCls,
300 MHz) 6 0.94 (3H, t, J 6.0 Hz, MeCH>), 1.2 (6 H, d, J 7.0 Hz, isopropyl ),
1.35 (2H, sextet, J 6.0, MeCH2CH>), 2.30 (2H, t, J 6.0 Hz, CH2CH2CO), 4.30-
4.50 (1H, m, (Me)2CH), and 7.44-8.05 (5H, m, Ph). >*C NMR (CDCl3, 62.9
MHz) 6 13.6 (q), 18.2 (2 x q), 22.0 (t), 22.6 (1), 42.2 (d) 128.3 (2 x d), 129.5 (2
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Synthesis of New N-alkyl-O-acyl hydroxamic... Yasair S. Al-Faiys

In particular O-benzoyl hydroxamic acid derivatives have been used as
precursors for amidyl radicals (2) which undergo cyclisation to give five
membered rings,® (Scheme 1), or B-lactams via a 4-exo cyclisation process,!?
(Scheme 2).

O 0Bz

) O O
/ . ;L
PrJL’\\l\f Bu,SnH PrJL’\\l\f >\“N>/j N
> —_ Pr —_» Ph
AIBN

(azoisobutyronitrile)

Scheme 1
Me\ OBz
NI\\/‘_\/ BLISSI"IH ME\‘N* MEHNIJ%Ph Mehmﬂﬁph
2 PR ——————> . ,
o AIBN P P 7 /
(azoisobutyronitrile) O o
Scheme 2

The rearrangements of these compounds have also been observed to occur
under basic conditions (e.g. EtsiN or tert-butylimino-tri-(pyrrolidino)-
phosphorane (BTPP)). The reactions furnished the rearranged compound (3) in
moderate yield,® ' 2 (Scheme 3).

R OBZ R
|
N N NH
X ~oBz EtN
—> O
(0] DCM 3
(8-54 %)
Scheme 3

A limited number of N-methyl-O-acyl hydroxamic acid derivatives were
prepared.

This work explores the efforts to synthesis a range of a new N-methyl-O-
acyl hydroxamic acids derivatives.
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Synthesis of New N-Alkyl-O-Acyl Hydroxamic Acid Derivatives

Yasair S. Al-Faiyz

Department of Chemistry, College of Science
King Faisal University
Hassa, Saudi Arabia

Abstract:

A wide array of useful N-alkyl-O-acyl- hydroxamic acid derivatives have
been prepared. Both aromatic and aliphatic N-acyl side chains were tolerated in
the preparation methods. The results have shown that the nature of N-acyl chains
and N-alkyl group affects the yields of these products. It has been found that
butyl and phenylacetyl groups in (1f) are the best R and R! groups to use
respectively, however the other R and R' which were examined were also
tolerated for successful preparation to be observed. The yield of these
compounds are relatively low, this may be because of competitive formation of
by products (1a-f).

Key words: Hydroxamic acids, alkylation, amidyl radicals.

Introduction:

N-alkyl-O-acyl hydroxamic acids derivatives (1) represent a powerful tool
in the synthesis of cyclic and heterocyclic compounds.!? However, their
chemistry have been little explored.?)

The weakness of the N-O bond in these hydroxamic acid derivatives makes
them attractive precursors for the generations of amidyl radicals (2) by N-O
homolysis.®
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