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ABSTRACT

A total of 18 Friesian calves having one month of age was used in 3 dietary
treatment groups to study the effect of feeding protected protein or protected fat diets,
from 1 up to 8 months of age, on histological characteristics of the rumen of Friesian
calves. The 1* group (control) was fed untreated concentrate feed mixture (CFM), the
2" was fed CFM, 5% of it was replaced by protected fat (PF) and the 3™ was fed CFM
treated with 1% formaldehyde on the basis of its total CP (PP). All groups were fed
plus berseem hay beside the CFM. Thickness of all ruminal wall tunicae, mucosal
laminae and stratum (st.) corneum was estimated. Also, density and dimensions of
ruminal papillae were measured to calculate papillary surface area. Results indicated
that tunica mucosa was thicker (P<0.05) in PP than in PF and control groups.
Thickness of lamina epithelialis mucosa (LEM) did not differ significantly among
treatment groups. However, it was thicker (P<0.05) in PF than in PP group (0.30 vs.
0.27 mm). As overall mean, st. corneurn tended to be thicker in control (44.3 pm) than
in PF {42.9 um} and PP (43.2 pm) group. Lamina propria was thicker (P<0.05} in PP
than in PF and controi groups {1.20 vs. 0.96 and 1.02 mm). Submucosa was thicker
{P<0.05) in PF and PP groups than in contro! group. Total thickness of tunica
musculosa was higher (P<0.05) in PF and PP than in control group. Generally,
thickness of all previous traits varied significantly between different ruminal sacs as
affected significantly by dietary treatments. Ventral ruminal sac showed significantly
the highest thickness in calves of all groups. Papillary length was atfected {P<0.05) by
dietary treatment, but each of PF or PP group did not differ significantly from that of
the control one. Papillary length in was shorter {P<0.05) in PF than in PP group.
Treatment group did not affect papillary width. Density of papiliae was lower (P<0.05)
in PF and PP groups than in control one. Surface area of each papilla was lower
(P<0.05) in PF than in PP and control groups, which did not differ significantly.
Papillary surface area per cm?® was lower (P<0.05) in PF group; however, PP group
showed insigniﬁcantly lower values compared with the control. Inter-papillary surface
area per cm” showed negative relationship with papillary density and was significantly
affected by dietary treatments, ruminal sac and their interaction. Total surface area
per em? of different ruminal sacs maiply affected by surface area of papillae within
each em® So, total surface area/cm® showed the same trend of surface area of
papillae/cm? as affected by dietary treatment and ruminal sacs. On the basis on the
foregoing results, it could be conclude from the nutritional point of view that feeding
calves on the tested diets fesulted had beneficial effects on histological and
histometric characteristics of rumen of Friesian calves during suckling period and
early post-weaning ages.
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INTRODUCTION

Nutritional status of suckling calves during the first period of their life
is the major managerial factor affecting their future productivity. Therefore,
the growth performance of individual calves at earlier ages, particularly during
suckling period, is crucial factor in determining the rumen capacity of calves
at the later ages. Incorporation of protected protein in diets is recommended
in highly producing animals (NRC, 1984). Dietary protected protein increased
growth rate and nitrogen retention in ruminants (Itabashi et al., 1994 and Virk
et al., 1994). Feeding protected protein results in pronounced alteration in
rumen fermentation (El-Reweny, 1999), which may lead to affect the morpho-
histological parameters of the rumen (Abdel-Khalek, 2000). Using protected
fat in ruminants feeding is of interest for several reasons; among these are:
its high energy density (Omer, 1999), its buffering capacity of ruminal
condition (Ohajuruka et al, 1991) reducing feeding costs and reducing
environmental poliution (Omer, 1999). There are some advantages of using
Ca-salts of fatty acids in ruminants feeding inciuding protection of dietary fat
against rumen degradation as it is an insoluble soap, and it is a compound of
fatty acids which are more digestible than the fat itself. However, the
information on the effect of dietary protected fat on histological parameters of
the rumen are rare.

This study was undertaken to investigate the effect of feeding
protected protein and fat diets on histological and histometric characteristics
of rumen of Friesian calves at 8 months of age.

MATERIALS AND METHODS

The present study was carried out at Sakha Animal Production
Research Station, belonging to the Animal Production Research Institute,
Agricultural Research Center, Ministry of Agriculture, in cooperation with
Animal Preduction Department, Faculty of Agriculture, Mansoura University.
Animals:

Eighteen suckling Friesian calves were used in this study having
average LBV of 47.76+1.24 kg and one month of age. Animals were divided
into three similar groups, six calves in each according lo body weight. Calves
in the 1* group were fed on untreated concentrate feed mlxture (CFM) and
was considered as a control group (G1). Calves of in the 2™ group (G2 were
fed on formaldehyde-treated CFM as a protected protein diet (PP), while
those of the 3" group (G3) were fed untreated CFM supplemented with
protected fat (PF). Calves were free of any diseases with healthy appearance
and they were housed in groups and were kept under semi-open sheds.
Feeding system and management:

The concentrate feed mixture (CFM) used in this study was
composed of 37.5% yellow com, 20% soybean meal, 15 % com gluten,
22.5% wheat bran, 3% molasses, 0.5% premix and 1.5% commen sait. For
calves fed PP diet in G2, CFM was treated with 38-40% formaldehyde at a
level of 1% on the basis of crude protein level of CFM. However, 5% of CFM
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in diet of calves in PF group was replaced by Magnapac (Ca-soap of fatty
acids). The Magnapac (NOREISA, Madrid, Spain) contained 84% palm oil
(44% palmitic, 40% oleic, 9.5% linoleic, 5% stearic and 1.5% myrstic acid),
12.5% Ca-carbonate and 3.5% moisture.

Calves were allowed to suckle colostrum from their dams throughout
the first three days postpartum, thereafter they were artificially suckled twice
daily by drinking milk from bucket at 7.0 a.m. and 6.0 p.m. Throughout the
experimental period of 7 months, calves in all groups were fed on similar
amounts of CFM, mitk and berseem hay (Trifolium alexandrinum) according
to the recommendation of the NRC (1984), Chemical composition of CFM,
milk and berseem hay used in feeding calves in all groups is shown in Table

.

Table {1): Chemical analysis of feed stuffs (% on dry matter basis).
1

Feed stuff
Item (%) CFM I Milk Berseem
CFM | 'TCFM | CFM+PF hay
Dry matter, DM 8158 | 90.99 91.64 12.80 8824
Organic matter, OM | 90568 | 90.71 89.64 9446 | B819 |
Crude protein. CP | 1843 1 18.41 1837 | 2471 1 1432 |
i Crude fiber, CF | 10.95 10,89 1062 | 00 + 2467 |
Ether extract, EE P 491 5.01 852 | 3050 I 604
Nitrogen free extract 5638 | 5640 | 5213 | 39.25 | 4316 |
TAsh 932 | 929 | 1036 | 554 | 11.81 |

Cne kg of premix contained 3.3 x 10° [U vit. A; 3.3 g vit. E; 3.3 x 10° [U vit. D5; 0.33 g vit. K;
0.33 g vit. By; 1.33 vit. By; 6.67 vit Bs; 0.50 g vit By; 3.3 g vit. Byz; 3.3 pantothenic acid; 0.33
folic acid; 16.67 mg Biotin; 166.67 g Colin; 1 g Copper; 10 g lron; 13.3gMn; 15gZn; 0.1 g
lodine; 0.03 g Se and carrier CACO, to 1 kg. TCFM: formaldehyde-treated CFM.

The determined amount of CFM for treatment was mechanically
ground and sprayed by an agriculture sprayer with the recommended amount
of formaldehyde (1850 ml formaldehyde/ ton CFM) according to the method
described by Ferguson et al. (1967). During spraying the CFM was manually
mingled and was stored in well tight plastic containers and left for the
complete reaction of formaldehyde with crude protein in CFM for two weeks
at room temperature before using in animal feeding. However, in PF diet,
CFM was well mixed with protected fat supplements and slored for feeding
calves in protecled fat diet group. Chemical analysis of representative
monthly samples of the experimental diets was performed according Lo the
official methods of the AQAC (1980).

Slaughter and sampling procedures:

At the end of the experimental period at about 8 months of age, three
random cealves in each group were slaughtered after fasting for 16 hours.
After slaughter, the digestive tract was immediately removed by severing the
esophagus that was tied at the esophageal cardiac orifice, and then rumen
was separated from the other segments of the gastrointestinal tract according
to Abdel-Khalek (1986).

Histological traits:

Rumen was emptied from its content, then cleaned gently by tap

water and tissue samplzs were taken immediately from different pars of the
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rumen (ventral, dorsal, cranial, ventral caudal blind, and dorsal caudal blind
sacs) for the histological examination. The ruminal tissue samples were
immediately fixed, in 10% formalin solution, washed by running tap water and
dehydrated in ascending grades of alcohol, cleared in toloul, impregnated in
paraffin wax and embedded in paraffin blocks. The paraffin blocks were cut
into thin sections (6-8 y) by a microtome and stained by Haematoxylin and
eosin using the routine method after Bancroft and Stevens (1982).

The slides were examined by means of light microscope and all
aspects of tunica mucosa and musculosa were taken. A standard micrometer
eyepiece was used for measuring thickness of different ruminal wall tunica,
{(mucosa, submucosa and musculosa). Thickness of different mucosal laminae
{epithelialis and propria), stratum comeum and both inner circular and outer
lengitudinal muscle layers of musculosa as well as length, width, and density
of ruminal papillae (Tamate et al., 1962) were estimated. Papillae surface area
(PSA) was calculated according to Nocek ef al. (1984) as the following:

PSA/cm® = fength x 2 width x density of papil.fae/cm2

Average cross-section area (ACSA) of the papillae was calculated by
measuring mean diameter (smallest and largest) of cross-section area of
each papilta as a circular shape, and then total area occupied by papillae per
cm? was calculated after (Abdel-Khalek, 1986) as the following formula:

Total area of papillae/cm’ = ACSA x density/cm?

The inter-papillary area was obtained by subtracting the product from
1.0 cm?® area. The total absorptive surface area per cm* of mucosa was
calculated as a total papillary surface area plus inter-papillary surface area.
Statistical analysis:

Statistical analysis for the obtained data was performed by the
method of analysis of variance according to Snedecor and Cochran (1980)
using the general linear model procedures of SAS (1987). Duncan multiple
range test (Duncan, 1955) was used to determine the significant differences
among age or group means.

RESULTS AND DISCUSSION

Histological characteristics of the rumen:
Tunica mucosa:

In calves of all groups, the ruminal wall was composed of lamina
epithelialis and lamina propria, but lamina muscularis mucosa was absent.
Tunica mucosa formed branched like-finger papillae with different lengths
(Figs. 1, 2 and 3). The ruminal papiilae and the inter-papillary space had
almast similar structure of tunica mucosa. All ruminal sacs showed the same
structure of tunica mucosa, but different in appearance of their papillae.
Similar findings were observed by Hemmoda {1981) and Youssef (1992) in
Egyptian buffalo calves. The effect of dietary treatment on tunica mucosa of
all ruminal sacs was significant (P<0.05), being thicker in rumen of calves fed
PP diet than those fed PF and control diets (Table 2). In different ruminal
sacs, it was found that only feeding calves on PP diet decreased mucosa
thickness in the dorsal sac and increased it in the dorsal caudal blind one,
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while both ventral and cranial sacs were not affected. Also, thickness of
mucosa in all ruminal sacs of calves fed PF diet did not differ significantly
from that of the control caives (Table 2).

The differences in thickness of mucosa layer in different sacs were
significant (P<0.05), being the highest in ventral sac, followed by dorsal and
ventral caudal blind sacs. However, cranial and dorsal sacs showed
significantly (P<0.05) the lowest thickness of mucosa (Table 2). The present
differences may indicate higher rate of absorption within the ventral sacs than
in the other ruminai sacs.

Lamina epithelialis mucosa (LEM).

In calves of all groups, lamina epithelialis mucosa (LEM) consisted of
squamous or cubical stratified type, but degree of keratinization on its surface
was different as affected by dietary treatment, being more keratinized in
rumen of the controt (Fig. 4) than in PF group (Fig. 5). However, LEM in
rumen of calves fed PP diet showed slight degree of keratinization (Fig. 8). It
is of interest to note that the thickness of LEM in rumen of calves in different
treatment groups was associated with color of the interior surface of the
rumen, being dark with high thickness in calves fed PF, light with low
thickness in those fed PP diet. Wardrop (1961 a and b) described similar
findings in rumen of calves. Also, similar observation was found on Egyptian
cows and buffaloes as affected by dietary treatment (Hemmoda, 1381). In
this respect, Piatkowski (1975) observed that the differences in color of the
superficial layer of the ruminal mucosa are independent of the diel.

Thickness of LEM differed significantly (P<0.05) in various rumingl
sacs, but did not differ significantly as affected by dietary treatment (Table 1).
Thickness of LEM varied considerably in different ruminal sacs, showing
significantly (P<0.05) the highest thickness in dorsat caudal blind and ventral
caudal blind sacs, moderate in ventral and cranial sacs, and the thinnest in
the dorsai sac. In spite of the insignificant differences among treatment
groups, TLEM was the thickest in veniral blind sac and the thinnest in ventrel
sac of the control calves. This trend changed by feeding calves on PF and
PP, being the thickest in dorsal caudal blind sac and the thinnest in dorsal
sac of calves fed PF. However in calves fed PP diet, the corresponding trend
was found in dorsail blind sac and dorsal sac (Tabie 2).

These findings indicated pronounced varialion in thickness of LEM in
different ruminal sacs of calves fed PF or PP diet as compared lo those fed
the control diet. Khalil (1974) found marked changes in thickness of LEM of
lambs fed different concentrate to roughage ratios. Also, Youssef (1982)
reported wide variation in thickness of LEM in different ruminal locations of
Egyptian buffaloes. Such varialion was associated with different absorptive
rates of ruminal fermentation products within various locations of the ruminal
surface (Abdel-Khaiek, 2000).

in general, the changes in the thickness of the lamina epithelialis
mucosa have mainly occurred via changes in the number of cell layers
{depth) rather than cell dimensions (Abdel-Khalek, 1986). The lamina
epithelialis mucosa consisted of four strata, basal, spinosum, granulosum and
comeum. The differences in thickness of lamina epithelialis at the earlier
ages may be attributed to variation in thickness of st. corneum as affected by
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dietary treatment during the suckling period in different species of ruminants
(Khali, 1974: Hemmoda, 1981 and Abdel-Khalek, 1986 and 2000). In this
respect, Abdei-Khalek (2000) found significant (P<0.03) reduction in
thickness of lamina epithelialis mucosa in rumen of lambs fed PP diets. Such
trend may support the present insignificant decrease in thickness of lamina
epithelialis in calves fed the PP diet.

Table {2): Means and standard errors of thickness of mucosa, lamina
epithelialis and stratum corneum in different ruminal sacs of
calves as affected by dietary treatments.

Ruminal sac
Dorsal Ventral
Group Dorsal | Ventral | Cranial | caudal | caudal OA.::;:"
| | blind | biind

hickness of mucosa (mm):
Control | 1.0120.12[1.35£0.14 [1.1420.10] 1.2220.13 [ 1.20+0.15 1.184:0.0—35$
| PF 1.08+0.08 [ 1.38+0.11 [1.03£0.09( 0.97£0.07 [ 1.16%0.12 [1.1320.03"
PP 0.77£0.05| 1.6420.28 (1.6120.10| 1.61+0.26 | 1.3820.17 1.25+0.067)
Overall mean [0.95£0.03°1.46£0.05°1.01+0.03 1.2720.06" [ 1.25+0.04"
hickness of lamina epithelialis {(mm):
Control  [0.28£0.05] 0.2120.01 [0.31£0.01] 0.27+0.01 [ 0.3720.02 [0.29:0.01
PF 0.2120.01]0.3320.01 [0.3020.01] 0.35+0.02 | 0.32+0.01 |10.30=0.01

PP 0.17+0.00 | 0.27+0.02 [0.20+0.01] 0.41+0.02 | 0.30+0.01 |0.27+0.01
Overall mean [0.23+0.01°[0.27+0.01° .27:0.0@ 0.33+0.02°[0.33+0.01° 1
hickness of stratum corneum {umj:
Control 39.121.45] 40.0x1.50 [50.31.54] 38.9+1.1 | 53.3+22 [ 44.3+1.0
PF 38.941.14[40.7+1.21 |47.3+1.30] 48.0+2.4 | 39.4£1.2 | 42.9:0.8 |

PP 35.820.63( 38,9+1.12 [41.240.21) 60.123.1 | 40.0+1.2 | 43.2¢1.2
Overall mean [37.8:0.64°39.620,72°|46.3:0.947 408.0x1.8" | 44 3+1.3°
Thickness of lamina propria {(mm):
Control  [0.85+0.05| 1.23+0.06 |0.97+0.05( 1.06+0.06 | 1.00£0.07 [1.02:0.03
PF 0.96+0.03 | 1.20+0.05 |0.86+0.04] 0.77+0.03 | 0.899+0.05 0.96+0.02

PP 0.97+0.02] 1.48+0.12 0.9420.05/ 1,38+0.11 | 1.21+0.08 [1.20+0.05
Overall mean/0.93+0.02°(1.30 +0.04"0.92+0.02° 1.07£0.05° [ 1.06£0.00°| |

A & B and a, b & ¢: Means having different superscripts within the same row and colurnn,
respectively, are significantly different at P<0.05.

Stratum corneum:

Stratum corneum of lamina epithelialis mucosa was composed of
flattened cells with central small spherical nuclei in all calves. Type of st
corneum cells was in form of either serrated in calves of contro! (Fig. 4) and
PP (Fig. 5) groups or smooth surface in calves of PF group (Fig. 6). The
serrated surface may resuit from the rupluring of ballooned cells of st
corneum, which have a cornified wall and an unstained cytoplasm. Also, st.
cerneum consisted of elongated and flattened cells in particular at the tops of
rapillae. The degree of keratinization was more advanced in the control
calves (Fig. 4) than in those fed PF and PP diets (Figs. 5 and 6).

In spite the differences in histological feature of st. corneum among
treatment groups, the group differences in thickness of st. corneum were not
significant. The insignificant differences in thickness of corneum were related
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to the wide variation in its thickness within each sac within each dietary
group. However, among different ruminat sacs, the differences in st. corneum
were significant (P<0.05), being the thickest in both cranial and dorsal caudal
blind sacs, followed by ventral caudal blind sac and the thinnest in both
ventral and dorsal sacs (Table 2).

It is of interest to note that feeding PP diet decreased st. corneum
thickness in all sacs, with exception for dorsal caudal blind sac, it increased
thickness of corneum as compared to the control. However, st. corneum
thickness in calves fed PF diet markedly increased in dorsal caudal blind sac,
decreased in both cranial and ventral caudal blind sacs, and was not affected
in both dorsal and ventral sacs (Table 2}. In agreement with the present
reduction in thickness of corneum in most ruminal sacs of calves fed PP diet,
Abdeil-Khalek (2000) found pronounced reduction in thickness of st. corneum
as affected by feeding lambs on PP diet,

Lamina propria:

Lamina propria examined within each papilla was composed of a
dense connective tissue, which was denser and more fibrous in calves fed
control and PF diets than those found in calves fed PP diets. Lamina propria
of all calves contained lymphatic vessels and blood capillaries, which were
denser in PF calves (Fig. 8) than in PP (Fig. 9} and the control calves (Figs.
7). This finding may indicate more developed lamina propria in the calves fed
PF and PP diets than that fed the contro! diet.

The cellular strucitures of the lamina propria were concentrated within
the papiliary bodies, which initiated as a result of invagination of the st. basal
of lamina epithelialis. Similar finding was described by Khalil (1974) on
sheep; Abdel-Khalek (1986 and 2000) on sheep and goats; Hemmoda (1981)
on buffaloes and cows and Salama (1986) and Youssef (1992} on Egyptian
buffaloes. The formation of these papillary bodies reduces the distance
between the mucosa surface and absorptive sites and may increase the
absorptive area. These papillary bodies were deeper and wider in papillae of
both PP (Fig. 3) and control (Fig. 1) groups than in PF (Fig. 2) group.

Data in Table (2) show that thickness of lamina propria was affected
significantly (P<0.05) by dietary treaiment, being thicker in PP group than
those in PF and controt groups. Similar trend was observed by Abdel-Khalek
(2000) in lambs fed PP diets as compared to those fed the control diet. Also,
tamina propria was affected significantly (P<0.05) by ruminal sac, being the
thickest in ventral sac, followed by both dorsal and ventral blind sacs, and the
thinnest in cranial and dorsal sacs (Table 2). 1t is of interest 1o note that
feeding caives on PP diet increased thickness of LP in dorsal, ventral and
both dorsal and ventral caudal blind sacs. However, feeding calves on PF
diet led to pronounced reduction in cranial and dorsal caudal blind sacs. This
may suggest a reverse relationship between thickness of lamina epithelialis
and that of lamina propria (Table 2} in different ruminal sacs of the same
group. Similar trend was observed on adult cows by Hemmoda (1981).
Tunica submucosa:

The histological examination of all groups revealed that no distinction
was observed between lamina propria of the papillae and their tunica
submucosa.

7567



Abdei-Khalek. A. E. et al.

{3%H '00TX)

PP : i, & (a9H o0zn) ETTIRTY 23]
Jdd P3j saaeo . k 1810 dd “JIIp [oNUod
1 ) WINBLIOD - it pa) soAjED W {9 : Paj SIAJED Jo ias)
wmes . WHJWI0D umiel)s ZE07 wnoaulos wnens
j0 asueseadde Jo ssuwseadde ” s jo aoueseadde
pajeIRS thootus o %5 ¢ pajesas
(9} ‘D13 {g) By {p) "By
o ‘aEx {H=®3 “o¥x) . ,
:.Wﬂws‘ ) "{ad) saipog .Am_._.n_m....u_ww“w_
sapoq Aejpded Aseqrded Arepded
pue {Ws1) pue (Ws1) pue (Ns1)
ESOIMUGNS ESoanugns esoonugns
eang {d7) eajunj eoiun) W
endoad pue 1) eppdoad (¢7) eradoad
{(W31) esoonw (W37} esoonu (W) esoonu
m__m._mw_“.__% m__numu_____._o stenayuda
! ! PUIWE
Dumoys jaip 1 Guimoys j1p m:.}c.__m
Jdd p3) Sanjea 4d Paj SOAJLD $3A1ED J0JUOD
10 (d) semded Jo (d) aepded 10 {4} aeppded
reununy {euny |euIwny)
{e) B1a H2) i (1) ‘Bid

7568



31(12), December, 2006

iv.,

¢. Sci. Mansoura Uni

J. Ayri

(3%H "oyx)
*sajpung
ajosneu (WD)
emnoad pue {7 4§ 4
jeurpnubuo)
1oedwiod
Buisolys 101p
dd pd) saajes jo
rso[nasni edung
Hz1) Dy

(3911 ‘00zx} ()
51122 JSe|qoIq'
pue () S|2553A
aneydwi)
‘(g) s1ossaA
Poo|q Jo Judjuod
$)1 pue anssy
BAI]23UUOD
ajIapow
Duiraoys joIp
dd paj) saAjed
ul edosd eupiey
JO a:njonas AL
:{e) "Did

(3911 ‘00zZX) K 51122 1se|g0IqYy
“(4) si192 441 pue (1) sppssan
| 1seiqoaqy pue (1) i1 oneydwd)
! 5195S59A dnuduif) ‘{g) siossoa
() s1assoa poolq jo 3l
§  poojq Uy ou e Bulunnuod
| aNSS1} dAIDDUIOD anssi}
1auedwos Buimot|s DAIJ22UUDD
19ip -1d PO SaAlEd ; ; asoo| buimoys
ug vudoad vy S ¥ saAeD joajuoD
jo aimnns Rl eirdod vopen
g b1 M jo dinjonns ayy

(I%H ‘opx)
"SafpUng
a[asmu (WD)
e pue
W) reurpnnfuo)
asnoy
Guaoys jo1p
dd PO) saAjD
JO USONISIL
2N}
Hen) Ot

(374 “owx)
“Sa{punNgy
alasnw (o)
enon pue (W
rewpn)buoy
o500y Duimoys
S3A[RD JONUOD
10 BSOINISIIW
ealun)
H{o1) "Gid

(3311 '00Zx) (1)

W) by

it

7569



Abdel-Khalek, A. E. et al.,

Caonstistent trend of differences in thickness of submucosa was achieved by
feeding calves on PF and PP diets, being significantly (P<0.05) thicker in
calves fed PF and PP diets than in those fed the control diet. However, tunica
submucosa was significantly (P<0.05) thicker in both ventral and cranial sacs
than in the other ruminal sacs (Table 3).

It is of interest to note that PF and PP diets had similar increase in
submucosa thickness in dorsal and dorsal caudal blind sacs and decrease in
ventral caudal blind sac as compared to the control diet. While submucosa
thickness markedly increased in ventral sac of calves fed PP diet and in
cranial sac of calves fed PF diet. In association with thickness of mucosa in
different ruminal sac (Table 2), thickness of submucosa showed similar trend
in all ruminal sacs, except for cranial and dorsal sacs, which showed
submucosa thickness similar to the ventral sac (Table 3).

Table {3): Means and standard errors of thickness of tunica submucosa
{mm) in different ruminal sacs of calves as affected by
dietary treatments.

Ruminal sac
Overall
Group Dorsal sac | Ventral sac | Cranial sac ca u[:;::rls:llin d r:at‘l’::lt;;:n d Mean
[Thickness of tunica submucosa (mm}:
| Control 288009 3.42:0.32 [3.73+ 044 [25820.23] 455:0.30 [ 343 0.16"°
PF 3292022 3.842031 | 6712027 | 3652021 ] 232+ 0.22 | 3.96* 0.20°
PP 310+0.10| 7132055 [ 324+014 [376+035({ 257+024|396+023
Overall mean [3.09+ 0.09°] 479=0.33" 456+ 0.29° (333 0.27° 315+ 022"
Thickness of circolar muscie layer (mm):
Control 435+014] 5412017 (5492046 | 248+0.10 | 4662022 | 448+ 0.1
PF 3.08:014| 5002017 | 5012032 | 267+ 0.16 | 410%0.14 | 4.01 * 0.26 |
PP 3.67+028] 492+0.38 [ 410x0Q.07 | 318£0.21 | 471+£0.18 | 412+ 0.2%
Overall mean [3.70+0.13°] 511 £ 0.15" [487+0.41"[284+0.10°] 494 0.25"

Thickness of longitudinal muscle layer (mmj:

Control  [5.12+0.27 3.03£0.13 [389+0.49 [5234+040[ 3102013 [410+0.18°
PF 565+035] 915+0.22 [980+03] | 601023659032 | 7.43+0.23
PP 8112012| 121052 | 680 0.21 [680+093 | 319+ 013 | 742+ 043
Overall mean |6.30+ 0.24°( 8.09+ 0.59" |6.83+ 041°[6.08 £ 0.35" | 429 £ 0.27°
Thickness of total musculosa (mmj):
Centrol 9482021 8442020 (938091 [784x035[776+030 857+ 072
PF 8.73:027] 1422025 [17.8+ 036 [ 886+ 028 [ 107041 [ 1.7+ 0.46" |
PP 11.7+016] 168+ 082 [11.1+023[101+083 [ 790+019 | 1152046 |
Overaill mean [10.0+ 0.17°] 13.2: 065" [128+0.69"|892+ 034 878+ 019

A & B and a, b & c: Means having different superscripts within the same row and column,
respectively, are significantly different at P<0.05.

In general, the relationship between thickness of mucosa and
submucosa was almost in positive pattern, increasing thickness of mucosa is
in need to associate thicker submucosa to increase the absorptive capacity of

the ruminal

wall.

The present results conceming the increase in thickness of
submucosa in calves fed PP diet come in line with those reported by Abdel-
Khatek (2000) on histometric measures of tunica sub mucosa in rumen of
lambs fed high level of undegradable protein diet.
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Tunica musculosa:

In rumen of calves in all dietary groups, the muscle fiber layers of
tunica musculosa were arranged mainly in two layers, an outer longitudinal
and inner circular muscle layers. The connective lissue between the two
tayers and that penetrated them was almost in form of compacted muscle
bundles in PP (Fig. 12) and in form of loose muscle bundles in PF (Fig. 11)
and control calves (Fig. 10). Resuits of musculosa histormnetric revealed that
both PF and PP diets significantly (P<0,05) increased the total thickness of
tunica musculosa as compared to the control diet. The main effect of dietary
treatments was observed in term of increasing (P<0.05) thickness of
longitudinat than circular muscle layer (Table 3).

As affected by ruminal sac, musculosa was significantly (P<0.05) the
thickest in both ventral and cranial sacs, followed by that in dorsal sac, and
the thinnest in both dorsal and ventral caudal blind sacs. The significant
increase in total thickness of muscuiosa in different ruminal sacs was maostly
associated with significant increase in thickness of longitudinal and circular
muscle layers. The pronounced increase in musculosa thickness was
observed in dorsal and dorsal caudal blind sacs of calves fed PP diet and in
ventral caudal blind sac of calves fed PF diet as well as in ventral and cranial
sacs of calves fed PP and PF diets, respectively (Table 3).

The effect of dietary treatments, being significant (P<0.05) on
thickness of longitudinal muscle layer and insignificant on circular one was
accepted, since the outer longitudinal muscle layer is the main layer for
muscular activity of the rumen in sheep and goats (Abdel-Khalek 1938).
Development of the thickness of tunica musculosa may be related to the
changes of the diet of lambs (Khalil, 1974) and it was affected by the nature
of diet in calves (Tamate et al, 1962). The present significant (P<0.05)
increase in thickness of tunica musculosa as affected by PP diet was
observed in lambs fed high ievel of undegradable protein diet (Abdel-Khalek,
2000).

Ruminal papillae:

The ruminal mucosa mernbrane is folded to form numerous papiltae
projected from the internal ruminal surface. These papillae were rather
siender in shape and joined for approximately the first third of their length.
Several authors reported different shape of papillae in lambs (Khalil, 1974),
cows (Hemmode, 1981), sheep and goats (Abdel Khalek, 1988 and 2000),
and Egyptian buffaloes (Salama, 1986 and Youssef, 1992).

Dietary effect (PF and PP diets) on papillary shape was not clear,
where most papillae were slender in shape in calves of all groups (Figs. 1, 2
and 3). Generally, fillform papillae were found relatively more in case of
feeding ruminants on CFM (Hemmaoda, 1981).

Measurements and density of papiliae:

Overall mean of papillary length in all ruminal sacs was affected
significantly (P<0.05) by dielary treatment, being longer in PP than in PF
group, but the differences between both groups and the control group were
not significant. In the same line, papillae were significantly (P<0.05) longer in
ventral, cranial and ventral caudal blind sacs than that in the dorsal caudal
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biind sac. However, the dorsal sac showed significantly (P<0.05) the shortest
papillae (Table 4).

Both PF and PP diets increased the papillary length in the ventral
sac, being the longest and decreased them in the ventral caudal blind sac.
However, dorsal sac showed the shortest papillae in calves of all groups
(Table 4). These findings indicated longer papillae in the ventral region (both
ventral and ventral caudal blind sacs) than in the dorsal region. Hemmeoda
(1981) reported similar variation between different regions of the rumen in
adult cows and buffatoes.

Only ruminal sac significantly (P<0.05) affect overall papillary width,
being the widest in the ventral sac, followed by ventral dorsal caudal blind,
dorsal caudal blind and cranial sacs, respectively, while the dorsal sac
showed the lowest values. Within each group, it was observed that feeding
PF and PP diets increased length and decreased width of the papillae in the
veniral sac (Table 4). The present investigation regard to the papillary length
indicated wide variation in different individuals within the same group for
different ruminal sacs and even in the same location. The differences
between the ventral and dorsal region in papillary length may be related to
concentration and accurnulation of produced VFA ventrally in the fioor of the
rumsn. The ruminal gases tend to accumulate dorsally and separate the roof
from the rough ingesta, which is an important factor for the development of
the ruminal papillae.

Warner et al. (1953) reported that the epithelial cells start in
multiplication and migration as a papillary growth when a sufficient supply of
VFA becomes available {0 the different regions of the rumen. The differences
in papillary tength in different sacs can be explained on the basis of microbial
activity and production of VFA, In the Egyptian cattle the mean length of the
rumninal papillae varied between 3.4-8.2 mm and may reach to 15.9 mm in the
same location of the ventral region (Hemmoda, 1981). The corresponding
lengths in the European cattie were 3-6 and 14.2 mm (Schnorr and
Volimerhaus, 1967) and in Egyptian buffaloes were 4.5 and 12.5 mm
(Hemmoda, 1979).

This differences in papillary length in different dietary groups may be
attributed to molar proportion of VFA and acetate: propionate: butyrate ratio
produced via microbial fermentation of each diet. The earlier reporls of
Grummer (1988) and Schauff and Clark (1989) and the later one of Omer
(1999) indicated that feeding ruminants on PF diets reduced molar proportion
of butyrate compared to the control ration. However, iotal concentration of
VFA did not change.

In case of feeding ruminants on PP diet, concentration of VFA
significantly decreased (El-Reweny, 1999), while concentration of propionate
increased and acetate decreased.

Overall mean of papillary density was significantly (P<0.05) lower in
calves fed PF and PP diets than those fed the control diet. However, overall
mean of density was significantly (P<0.05) the greatest in the dorsal, but the
differences were not significant between ventral and dorsal sac as well as
between dorsal and each of cranial and dorsal caudal blind sacs (Table 4).
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The significant reduction in densily of papillae in calves fed PP diet is
in agreement with the results of Abdei-Khalek (2000), who found significant
decrease in papillary density of lambs fed PP diet as compared {o the control.

Table {4); Means and standard errors of papillary measures in different

ruminal sacs of calves as affected by treatments.

T

Group Ruminal sac Overall
Dorsal Ventral Cranial ca&‘:ﬁ:‘li nd ca:::lt:;:n ¢ mean
Papillary 'ength {mm):
| Control _[1.97+0.05/658+065] 1551 +0.02 1452+ 1.80]21.04+1.31]11.92+ 1.8™
L PF R10+0431193:380]1477+0.64 [7.960=0.39!1061+056(1095=16"
PP 1.442000]19624.04] 16282056 [13.61+0.1114.86+ 0.68[1317=1.8"
| Overall mean [1.84 ¢ 1.4°115.2+ 250711552+ 0.34" [12.03 = 1.20°115.50 » 1.30°
Papiftary width {(mm):
Control [1.3620.03{2022002] 169010 [1.7520.13 [1.75+012 [1.72+ 0.07
oF 131+001(1.73+0.12] 1432009 | 158006 |1.72+0.17 | 155+ 0.05
PP 114:012(172+014] 1502010 [150+009 [1812117 [1.50=0.09 |
| Overall mean 1,27 + 0.06°[1.82+ 0.07°| 154+ 0.07° |1.6120.09° [1.70 < 0.087
Papiilary density {No/em®): ]
Control  |166= 400|147 =653 | 1532103 | 156+1.30 | 103=1.30 1449+ 8.00"
PF 125+ 120140+ 9.85 | 69+ 36.1 84+121 [ 121100 1079104
PP 104+ 13311302860 | 922335 | 118760 | 812560 0492 113"
Overall mean 132+ 11.7°|1302 B61° | 105 165° [1192 111" | 1022 7.80°

A & B and a, b & c: Means having diflerent superscripts within the same row and column,
respectively, are significantly different at P<0.05.

Total papillary surface area:

Total papillary surface area is depending on papiilary dimensions
(surface area of each papillae), density of papillae and inter-papillary area.
Overall mean of surface area of each papilla was significantly (P<0.05)
grealer in calives fed PP dietl than those fed PF and control diets, which did
not differ significantly. However, overall mean of surface area per each
papilla was significantly (P<0.05) the greatest in both ventral and ventral
caudal blind sacs and the least in the dorsal sac (Table 5).

In calves fed PP or PF diets, values of surface area of each papilla
markedly increased in ventral sac and decreased in both cranial and ventral
caudal blind sacs. However, different trends of both diets were observed in
dorsal and dorsal caudal blind sacs. This indicates pronounced effect of PF
and PP on the ventral than the dorsal region of the rumen. Such effects were
mainly related to the effect of dietary treatment on dimensions of the papillae
located within each sac.

Papillary surface area per cm? was positively assaciated with surface
area of each papillae rather than papillary density. This was reflected in
nearly similar effect of dietary treatments on surface area of each papilla in
different ruminal sacs (Table 5).

As affected by dietary treatments, only feeding calves on PF diet led
to significant (P<0.05) reduction in overall mean of surface area per cm?,
however, PP diet showed insignificantly lower values compared with the
control (Table 5). Overall mean of surface area per cm’ was significantly
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(P<0.05) the highest in ventral sac, followed by dorsal, ventral caudal blind
and cranial sac. Meanwhale the dorsal sac showed the lowest papillary
surface area per cm?’ (Table 5).

Inter-papillary surface area per cm? showed negative relationship
with papillary density and was significantly affected by dietary treatments,
ruminal sac and their interaction. This relationship was indicated in all ruminal
sacs and on the basis of overall mean of dietary treatment and ruminal sac
(Table 5).

Table (5): Mean and standard error of papillary and inter-papiilary
sarface area in different ruminal sacs of calves as affected
by dietary treatments.

Ruminal sac
Cranial ’Dus;dmzﬂ Ventralcaudal

Overall
Mean

Group Dorsal Ventral b

Surface area {mm’)/papiiia; |
Contrei 536=015[2658 24 [5255=3.23[51.01+7.9 [73.80+6.35[41.86 6.5
PF 549+ 1.09(66.51 £+ 42 [41.91+060[25.27 + 2.0 [36.27* 2.30/35.092 5.4°
PP 323:021|65.25+99 4878+ 3.46/56.85+2.0 47.97£5.77/44.42+5.9°
Overall mean |4.69:0.50° [52.78+ 7.3° [47.75£2.10"|44.38+ 5 5° [52.6826.01°
Surface arez (mmYem’:
Control 880+ 30 14043 + 650 [8445 £ 882 [7921 = 977 (7420 = 839 [56864: 82_1Fl
PF 89662 [9274+ 733 [2021 + 732 [2135+ 385 [4380 + 279 3852+ 843
FP 341~ B8 |B4G5 ~ 633 |4484 + 241 6723 + 607 (3856 £ 521 |4750 9117
Overall mean 642 §5° [7270 £ 932" [5151 + 916 |5593 = 967" |5232 = 625°
Inter-papitiary surface area {mm“/cm”:
Control 516=7.8 [2243:90 [30.3:108 [241+11.0 [50.1+10.2(3571x49
PF 662263 [3392104 |79.2+920 [66.3:6.80 [426+ 920 |57.65+58"
FP [77.0£87 (3942134 [67.4:3.80 [183+10.6 [67.42 690 [53.6826.7
["Overallmean [649=5.0" [319+6.10° [S9.0+ 850" [36.3+ 5.00° [53.0:6.00° |

Total surface area {cm’Vem':
Control 942+ 038]40.65+83 (847871 [795+97 [747+863 [569=81"
PF 763+00991030827.2 3004519 [220+37 442427 139.4:83
| PP 418+ 05985342982 (7452238 [67.4+508 (303251 |48.3:9.07
| Overall mean [7.07+ 1.01°[73.02+8.3° [63.1£6.08° [563+985 [527+62
A & B and a, b & ¢: Means having different superscripts within the same row and column,
respectively, are significantly different at P<0.05.

~

Total surface area per cm’ of dlfferent ruminal sac mainly affected by
surface area of papillae within each cm®. So, total surface area/cm’® showed
the same trend of surface area of papillae/cm’ as affected by dietary
treatment and ruminal sacs. Differences in total surface of the ruminal
mucosa by papillae reflecled in different magnification rate in various ruminal
sacs studied as affected by dietary treatment, being the highest within the
ventral sac of calves fed P* and PP diets as compared to the control calves
{Table 5).

As affected by dietary treatment, the overall magnification of the
ruminal mucosa surface was lower in calves fed PF diet (39.4 times) than
those fed PP (48.3 times) and control (56.9 tnmes) diets. This indicated
pronounced changes in total surface area per cm’ as affecting by altering
=urface area of each papiila (length and width of each papilla).
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It is of interest to suggest that the histological characteristics of the
ruminal mucosa may be affected mainly by pattern of fermentation. Butyric
and propionic acids seemed to have an important role in the development
and growth of rumen (Kauffold ef al. 1977 and Hemmoda, 1981). Moreover,
Kauffold et al. (1977) found that propionate produced a proliferative effect on
increasing thickness of lamina epithelialis, while acetic acid had
antiprolierative effect. Dirkson ef al. (1992) postulated that a well-proliferated
ruminal mucosa could improve the energy supply by stabilizing the ruminal
pH by providing a higher absorptive capacity for the VFA. In addition
Henrksson and Habel (1961) reported that propionic acid found to stimulate
epithelial growth and vaculation of st. garnulosum.

On the basis of the foregeing histogenesis and histometric
characteristics of rumen in calves fed PF and PP diets, it could be conclude
that the tested diets resulted in some changes in histogenesis of the ruminal
wall, since increase fed PF and PP diets absorptive surface area of the
interior surface of the rumen in calves fed PP diet was increased.
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