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SUMMARY

Ten native browse species from Baja California Sur, Mexico,
were nutritionally evaluated in each season of three consecutive
years measuring crude protein (CP), protein fraction in neutral
detergent fiber (NDIP) and in acid detergent fiber (ADIP), and
rate and extent of crude protein degradability. Five legumes and
five non-legumes were collected from 16 linear 30m transects.
All plants in each transect were identified and measured to esti-
mate Shannon’s diversity index, species richness, aerial cover
and relative frequency, dominance, density and importance.
Medicago sativa L. hay was used as reference forage with high
nutritional quality. To estimate the effective degradability of
crude protein (EDCP), duplicate nylon bags (10x15cm; 50µm
pore size) containing 4g of each plant species from each season

and year were incubated in the ventral part of the rumen in four
cannulated beef steers. In general, CP content, NDIP, ADIP and
EDCP were significantly higher in legumes. Neutral detergent
soluble CP was higher in non-legumes during spring and sum-
mer, and CP and EDCP were higher in autumn. Legume EDCP
was significantly lower in summer, possibly due to reduction of
available cell wall protein. Only shrubs such as Opuntia cholla,
Prosopis sp. and Cercidium floridium had EDCP values compa-
rable to or higher than alfalfa hay. Cyrtocarpa edulis had the
lowest EDCP. Legume CP was more degraded in the rumen than
that of non-legumes. A high quality forage period in autumn and
winter, and a low quality one in spring and summer, could be
distinguished.

SEASONAL DYNAMICS OF RUMINAL CRUDE PROTEIN DIGESTION

OF BROWSE SPECIES FROM BAJA CALIFORNIA SUR, MEXICO

Rafael Ramírez-Orduña, Roque G. Ramírez-Lozano, Marco V. Gómez-Meza,
Juan A. Armenta-Quintana, Juan M. Ramírez-Orduña, Ramón Cepeda-Palacios
and Juan M. Ávila-Sandoval

Introduction

The State of Baja Califor-
nia Sur, in Northern Mexico,
is considered as an extremely
arid zone (COTECOCA,
1975). Of the vegetation,
92% is mainly composed by

shrubs 1-3m in height. Most
farmers are traditional small
holders. However, the use of
shrubs as food resources for
livestock has been mostly
supported by farmer’s experi-
ence and the knowledge that
some shrubs are palatable for

animals (Arriaga and Canci-
no, 1992).

Many browse plants that
grow in Northeastern Mexico
have been used as fodder for
ruminants, especially legume
species (Ramírez, 1996). In
other arid and semiarid regions

KEYWORDS / Native Shrubs / Sonora Desert / Crude Protein / Cell Wall Proteins / Degradability of Crude Protein /
Received: 03/20/2003. Modified: 06/13/2003. Accepted:06/19/2003

Rafael Ramírez-Orduña. M.C. in
Animal Nutrition. Professor,
Department of Zootechnics,
Universidad Autónoma de Baja
California Sur (UABCS), Mex-
ico. Address: Apartado Postal
676. La Paz Baja California
Sur. 23080, México.

Roque G. Ramírez-Lozano. Doc-
tor in Animal Sciences. Profes-

sor, School of Biology, Uni-
versidad Autónoma de Nuevo
León, (UANL). Address: Apar-
tado Postal 142, Sucursal F,
San Nicolás de los Garza,
N.L. 66450, México. e-mail:
roqramir@fcb.uanl.mx.

Marco V. Gómez-Meza. Doctor in
Statistics. Professor, School of
Economics, UANL. Address:

of the world, the use of browse
species has been promoted due
to severe food shortages, harsh
and prolonged drought periods,
low animal performance, mor-
tality and uneconomic produc-
tion (Devendra, 1990). How-
ever, the low quality and sea-
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incubadas en la parte ventral del rumen de cuatro becerros de
carne canulados. En general, el contenido de PC, FPDN, FPDA y
DEPC fueron significativamente mayores en leguminosas. La PC
soluble en la fibra detergente neutro fue mayor en las no-
leguminosas en primavera y verano, y PC y DEPC fueron
mayores en otoño. La DEPC en leguminosas fue significativa-
mente menor en verano, posiblemente por reducción en la
proteína disponible de la pared celular. Solo especies como Opun-
tia cholla, Prosopis sp. y Cercidium floridium tuvieron valores de
DEPC comparables o mayores a la alfalfa. Cyrtocarpa edulis tuvo
la menor DEPC. La PC de leguminosas fue más degradada en el
rumen que las no-leguminosas. Se distinguen dos períodos de
calidad nutritiva, uno de alta calidad en otoño e invierno y otro
de baja en primavera y verano.

RESUMEN

Diez arbustos nativos de Baja California Sur, México, fueron
nutricionalmente evaluados en cada estación durante tres años
consecutivos, midiendo proteína cruda (PC), fracción proteica en
la fibra detergente neutro (FPDN) y en la fibra detergente ácido
(FPDA), y velocidad y grado de degradabilidad de PC. Cinco
leguminosas y cinco no-leguminosas fueron colectadas de 16
transectos lineales de 30m. Todas las plantas de cada transecto
fueron identificadas y medidas para estimar el índice de
diversidad Shannon, riqueza de las especies, cobertura aérea y
frecuencia relativa, dominancia, densidad e importancia. Heno de
Medicago sativa L. fue usado como forraje de referencia de alta
calidad nutritiva. Para estimar la degradabilidad efectiva de PC
(DEPC), se usaron por duplicado bolsas nylon (10x15cm; poro de
50¼m) conteniendo 4g de cada especie de cada estación y año,
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RESUMO

Dez arbustos nativos da Baixa Califórnia Sul, México, fo-
ram nutricionalmente avaliados em cada estação durante três
anos consecutivos, medindo proteína crua (PC), fração protéica
na fibra detergente neutro (FPDN) e na fibra detergente ácido
(FPDA), e velocidade e grau de degradabilidade de PC. Cinco
leguminosas e cinco não leguminosas foram coletadas de 16
transectos lineares de 30 m. Todas as plantas de cada transecto
foram identificadas e medidas para estimar o índice de diversi-
dade Shannon, riqueza das espécies, cobertura aérea e freqüên-
cia relativa, dominância, densidade e importância. Feno de
Medicago sativa L. foi usado como forragem de referência de
alta qualidade nutritiva. Para estimar a degradabilidade efetiva
de PC (DEPC), se usaram por duplicado sacolas nylon (10 x 15
cm; poro de 50 ìm) contendo 4 g de cada espécie de cada esta-

ção e ano, incubadas na parte ventral do rúmen de quatro be-
zerros de carne canulados. Em geral, o conteúdo de PC, FPDN,
FPDA e DEPC foram significativamente maiores em
leguminosas. A PC solúvel na fibra detergente neutro foi maior
nas não leguminosas na primavera e no verão, e PC e DEPC
foram maiores no outono. A DEPC em leguminosas foi significa-
tivamente menor no verão, possivelmente por redução na prote-
ína disponível da parede celular. Somente espécies como
Opuntia cholla, Prosopis sp. e Cercidium floridium tiveram valo-
res de DEPC comparáveis ou maiores à alfafa. Cyrtocarpa
edulis teve a menor DEPC. A PC de leguminosas foi mais de-
gradada no rúmen que as não leguminosas. Distinguem-se dois
períodos de qualidade nutritiva, um de alta qualidade no outono
e no inverno e outro de baixa na primavera e no verão.

sonal nature of the forage sup-
ply, together with low intake
by animals and poor digest-
ibility of forage, are the ma-
jor factors contributing to the
low productivity of ruminants
feeding on browse species
(Remenyi and McWilliams,
1986).

In ruminants, where feed is
fermented in the rumen, this
fermentation has confounded
the prediction of animal per-
formance from dietary ingredi-
ents. Therefore, a mechanistic
understanding of fermentation
is needed for sustained devel-
opment of animal production.
Mechanistic models require
quantitative estimates of carbo-
hydrates and protein digestion
(Satter, 1980; Russell et al.,
1992; Sniffen et al, 1992).

The object of this study
was to evaluate and compare
seasonally, during three con-
secutive years, the crude pro-
tein content (CP), the CP
composition of the cell wall,
and the rate and extent of CP
digestion in leaves of five le-
gumes and five non-legumes
growing in a shrubland from
Baja California Sur, Mexico.
Medicago sativa hay was in-
cluded as reference forage of
high nutritional quality.

Materials and Methods

Site and collection area

This study was conducted
in the Palmar de Abajo
ranch (800ha), located in La
Paz, Baja California Sur,
Mexico, at 23º38'40''N and

110º18'07''W. The climate of
the region is arid with annual
mean temperature of 21.2ºC.
Rainfall is generally present
during the summer (July, Au-
gust and September) and win-
ter (January and February)
seasons. Total year rainfall
during the study period was
177, 47 and 61.7mm for
1993, 1994 and 1995, respec-
tively. The soils are mainly of
alkaline, regosol, eutric and
calcareous types, which are
very permeable (Flores,
1998).

Branches from the legumes
Acacia peninsularis (Brit. L.
Rose) Standley; Cercidium
floridium (Benth); Mimosa
xantii, Gray; Pithecellobium
confine (Standley) and Proso-
pis sp. (Torr) and the non-le-
gumes Bursera microphylla
Gray (Burceraceae); Cyrto-
carpa edulis (Brand) Stand
(Anacordiaceae); Lippia palm-
eri, S. Wats (Verbenaceae);
Opuntia cholla, Weber (Cac-
taceae) and Turnera diffusa
Wild (Turneraceae) were col-
lected from 16 randomly lo-
cated linear transects of 30m
long. These browse species
are reported to be consumed
selectively by cattle and goats
in Baja California Sur (Ar-
riaga and Cancino, 1992).
Collections were carried out
during winter (February 23),
spring (May 23), summer
(August 23) and autumn (No-
vember 23), in 1993, 1994
and 1995. Branches of each
species were bulked in tripli-
cate samples for each season
and year, and were allowed to

dry under shade. Leaves were
removed manually, oven dried
(45ºC) for 72h, ground in a
Willey mill (1mm). Alfalfa
hay (Medicago sativa L.) ob-
tained from a commercial
store was considered as refer-
ence forage. Within each
transect the species were
identified and individuals
from each specie were
counted. The length of inter-
cepts occupied by individuals
touching the transect were re-
corded. The Shannon diversity
index (Shannon, 1948) and
the species richness index
(Hart, 1985) were determined.

Chemical and in situ
digestibility analyses

Duplicate samples were
subjected to chemical analysis

The nylon bag technique
was used to estimate the rate
(kd, %/h) and extent of CP
loss (%). Nylon bags of
10x15cm and 50µm pore size
containing 4g of each plant
species were incubated in the
ventral part of the rumen of 4
cannulated beef steers (250
±5.3kg body weight). During
the trial steers were fed al-
falfa hay ad libitum  (16%
CP). Duplicate nylon bags
were incubated in each steer
for 1, 2, 3, 4, 8, 12, 24, 48,
72 and 100 hours. Zero-time
disappearance was deter-
mined from non-incubated
bags. After incubation, the
bags were dried at 60ºC in
an oven for 48h. The in situ
disappearance of crude pro-
tein (ISDCP) for every period
of incubation was calculated as

to determine crude protein
(CP; AOAC, 1980), neutral
detergent insoluble protein
(NDIP) and acid detergent in-
soluble protein (ADIP; Van
Soest et al., 1991). ADIP is
considered insoluble protein
(Pichard and Van Soest, 1977)
because it is associated with
lignin, tannin and Maillard
compounds (Krishnamoorthy
et al, 1982). Insoluble protein
in neutral detergent but
soluble in acid detergent was
calculated as NDIP-ADIP
(Goering and Van Soest,
1970; Krishnamoorthy et al.,
1982).

 To estimate the non-linear
characteristics of CP, in situ
disappearance values from ny-
lon bags, in each incubation
period were used in the fol-
lowing equation (Ørskov and
McDonald, 1979)

p = a + b (1-e-kd.t)

where p: percentage of disap-
pearance of the CP at time t, a:
soluble fraction of CP that is
lost during washing, b: insoluble
fraction of CP that is degraded
in the rumen, kd: constant rate
of disappearance of fraction b,
and t: incubation time.

(Initial weight – final weight)
Initial weight

ISDCP% = x100
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The non-linear parameters a,
b and kd and effective degrad-
ability of the CP (EDCP=
(a+b)kd / (kd+kp)[e -(kd+kp )T] ,
where kp: outflow rate from
the rumen and T: lag time
(period in h that rumen mi-
crobes take to initiate fer-
mentation), were all calcu-
lated using the Neway pro-
gram (McDonald, 1981). The
EDCP values of browse spe-
cies and M. sativa hay were
estimated using a rumen out-
flow rate of 2%/h.

Statistical analysis

Data of CP, CP fractions in
the cell wall, degradation rate
of CP and EDCP were ana-
lyzed using a general lineal
models procedure (SPSS,
1999). Mean values of le-
gumes and non-legumes spe-
cies were compared using or-
thogonal contrasts. The season
and year effect for each plant
type (legumes and non-le-
gumes) was determined by a
two way analysis of variance
model. Values of acid deter-
gent lignin (ADL) and con-
densed tannins (CT) reported
by Ramírez-Orduña et al.
(2003) were used to estimate
simple linear correlation coef-
ficients between ADL, CP
and EDCP, NDIP, ADIP.

Results and Discussion

The Shannon diversity in-
dex of the study area was 1.0
%, species richness was
10.62% and the total aerial
cover was 62.05%. Of the le-
gume species, Prosopis sp.
and M. xantii were the most
and least important species,
whereas among the non-le-
gumes O. cholla was the
most important species, and
L. palmeri and T. diffusa were
the least important species
(Table I). In the different sea-
sons (Table II), legumes and
non-legumes covered roughly
the same area (about 10%).
Non-legumes contributed al-
most twice in importance
value than legumes in all sea-
sons because of their higher
relative frequency, density and
dominance; however, both
plant types were similar in all

seasons with respect to cov-
ered area. Non-legumes de-
creased all these variables
from winter to autumn,
whereas legumes were lower
in summer and higher in au-
tumn than other seasons.

Chemical composition

The year was the principal
factor affecting EDCP, soluble
and slowly degraded fractions,
whereas the interaction year x
plant type affected mainly the

NDIP-ADIP content in plants.
Moreover, plant type was the
main factor that affected the
CP, NDIP, ADIP and CP deg-
radation rate (Table III).

The shrub O. cholla (6.0
±2.8 annual mean ±standard

TABLE I
CONTRIBUTION (%) OF FIVE LEGUME AND FIVE NON-LEGUME SPECIES TO THE

BOTANICAL STRUCTURE OF A RANGELAND FROM BAJA CALIFORNIA SUR, MEXICO

Specie Arial Relative Relative Relative Importance
cover frequency density dominance value

Legumes
Prosopis sp 5.54 22.63 3.64 8.62 11.63
Pithecellobium confine 1.40 18.88 1.25 2.22 7.45
Cercidium floridum 0.97 16.69 1.05 1.53 6.42
Acacia peninsularis 1.01 15.53 1.15 1.66 6.11
Mimosa xantii 0.19 6.42 0.36 0.34 2.37

Non legumes
Opuntia cholla 5.50 66.29 13.09 8.77 29.38
Bursera microphyla 3.73 47.24 4.45 6.23 19.30
Cyrtocarpa edulis 3.44 41.43 2.85 5.35 16.54
Lippia palmeri 0.15 9.72 0.60 0.25 3.52
Turnera diffusa 0.06 8.68 0.45 0.10 3.08

TABLE II
SEASONAL CONTRIBUTION (%) OF LEGUME AND NON-LEGUME SPECIES TO THE

BOTANICAL STRUCTURE OF A RANGELAND FROM BAJA CALIFORNIA SUR, MEXICO

Plant type Season Arial Relative Relative Relative Importance
cover frequency density dominance  value

Legumes Winter 9.7 62.3 5.8 15.1 27.7
Spring 10.1 48.4 5.3 14.0 22.5
Summer 5.9 44.8 4.6 11.1 20.1
Autumn 10.1 52.7 8.4 16.6 25.9

Non legumes Winter 13.5 84.3 21.8 21.4 42.5
Spring 16.3 83.6 22.6 22.6 42.9
Summer 10.4 86.0 19.3 19.6 41.6
Autumn 10.7 90.0 19.3 18.2 42.5

TABLE III
F VALUES AND SIGNIFICANCE LEVELS RESULTED FROM THE MULTIPLE

FACTORIAL ANALYSIS OF VARIANCE

Effect CP NDIP ADIP NDIP- Soluble Degradable Degradation
ADIP fraction fraction rate of CP EDCP

Year 5.3** 9.8*** 11.6*** 2.3ns 92.7*** 33.3*** 6.6** 63.5***

Season 16.0*** 9.4*** 30.9*** 1.6ns 14.8*** 3.7* 2.3ns 24.0***

Plant type 331.4*** 35.6*** 72.7*** 0.8ns 27.7*** 6.2* 12.1** 28.2***

Year x season 14.5*** 3.5** 4.6*** 2.5* 11.6*** 14.2*** 1.2ns 3.3**

Year x plant type 0.1ns 1.1ns 1.0ns 11.6*** 3.7* 6.2** 0.7ns 3.6*

Season x plant type 1.7ns 7.5*** 17.1*** 1.4ns 4.0** 3.5* 0.8ns 9.2***

Year x season x 1.4ns 0.3ns 0.5ns 1.5ns 1.4ns 1.2ns 2.4* 2.8**

plant type

*** (P<0.001), **(P<0.01), *(P<0.05), ns:= not significant.
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error) had the lowest CP
content (Table IV) while
Prosopis sp. had the highest
(19.4 ±3.4), even higher than
alfalfa hay (16.1 ±2.7). Le-
gume species were signifi-
cantly higher in CP (15.8
±3.9) than non-legumes (8.7
±3.5). In autumn, non-le-
gumes had a higher CP con-
tent, and in legumes it was
higher in winter. The CP val-
ues for alfalfa hay were
comparable to those values
reported for alfalfa hay mid
bloom (16.5% DM) by
Sniffen et al. (1992). Only
non-legume species were sig-
nificantly affected by the
year; in years when rainfall
was lower, the CP in non-le-
gumes was also lower (7.7
±0.4%).

According to Sniffen et
al. (1992) NDIP is the frac-
tion that includes both avail-
able and unavailable proteins
linked to cell wall. Legumes
(27.7 ±8.0) had lower NDIP

(%CP) than non-legumes
(35.1 ±13.6). Non-legumes
had the higher NDIP content
during spring and summer;
but legumes were not sig-
nificantly affected by season
(Table IV). NDIP in legumes
was significantly higher in
1994 than in 1993 and 1995,
and in alfalfa hay it  was
lower (14.1 ±5.9) than in all
the shrubs evaluated in this
study.  L. palmeri had the
highest (45.4 ±15.4) and
Prosopis  sp.  the lowest
NDIP values. According to
Sniffen et al.  (1992) this
fraction includes both buffer
soluble proteins that are rap-
idly degraded and buffer in-
soluble, but neutral, deter-
gent soluble proteins that
are intermediately degraded
and may be degraded in the
rumen depending on the
relative rates of degradation
and passage.  This means
that the CP proportion of
native legume that could be

rapidly to intermediately de-
graded in the rumen species
remains high throughout the
year and is higher than in
non-legumes. However, in
non-legumes this fraction
might be reduced in spring
and summer. Also,  CP in
cell content of alfalfa hay
(85.8 ±5.9), evaluated in this
study, had a higher propor-
tion of total CP as compared
to all browse species, and
was intermediate to the cor-
responding values (74.8 and
92.1% CP) reported for mid
bloom alfalfa hay by Sniffen
et al. (1992) and Elizalde et
al. (1999a), respectively. Evi-
dence from numerous feeding
studies indicate that exces-
sive ruminal protein degrada-
tion could be the most limit-
ing nutri t ional factor in
higher quality temperate le-
gume forages such as alfalfa
hay (Broderick, 1995).

The ADIP (% CP) content
in legume species (15.7 ±6.9)

was significantly lower than in
non-legumes (24.6 ±13.6).
Moreover, ADIP in non-le-
gumes was higher during
spring and summer seasons,
whereas ADIP in legumes was
not affected by season. How-
ever, with exception of au-
tumn, there were significant
differences among seasons be-
tween legumes and non-le-
gumes (Table IV). Legumes
and non-legumes increased
significantly (P<0.05) their
ADIP in 1994. Alfalfa hay
(6.0 ±1.7) had the lowest
ADIP concentration. This frac-
tion is the unavailable protein
bound to lignin, tannin-protein
complexes or Maillard prod-
ucts. Therefore, this fraction is
highly resistant to ruminal and
mammalian enzymes activity
(Krishnamoorthy et al., 1983)
and it would not provide ami-
noacids post ruminally (Krish-
namoorthy et al., 1982).

During the summer months
(Table V), legumes signifi-

TABLE IV
SEASONAL CHANGES OF THE ANNUAL MEANS (THREE YEARS) OF CRUDE PROTEIN (CP, % DM),

NEUTRAL DETERGENT INSOLUBLE PROTEIN (NDIP, % CP) AND ACID DETERGENT
INSOLUBLE PROTEIN (ADIP, % CP) CONTENT IN NATIVE LEGUMES AND NON-LEGUMES

FROM BAJA CALIFORNIA SUR, MEXICO

Plants CP NDIP ADIP
Win Spr Sum Aut Win Spr Sum Aut Win Spr Sum Aut

Medicago sativa 15.6 17.7 15.6 15.6 14.4 12.0 15.7 14.4 6.6 5.3 5.3 6.6

Acacia peninsularis 13.8 10.8 11.5 13.9 35.5 29.6 30.8 30.7 16.1 21.5 22.3 18.7
Cercidium floridium 17.1 12.4 13.8 16.8 28.1 33.6 28.4 28.3 16.3 13.0 15.7 11.1
Mimosa xantii 14.4 11.6 17.9 16.2 25.8 30.3 21.6 23.9 16.4 22.1 13.8 14.6
Pithecellobium confine 19.6 15.8 14.7 17.5 30.2 29.3 29.9 33.8 15.0 23.1 23.7 19.3
Prosopis sp. 21.4 18.6 17.6 20.0 23.8 20.4 18.9 20.4 7.4 7.2 8.7 7.2
Legumes 17.3a 13.8c 15.1bc 16.9ab 28.7a 28.6a 25.9a 27.4a 14.2a 17.4a 16.9a 14.2a

Bursera microphylla 9.2 7.5 9.5 9.6 26.0 59.3 26.4 27.7 19.7 51.0 24.6 19.1
Cyrtocarpa edulis 11.6 10.6 10.4 15.1 34.5 44.6 46.8 25.4 15.5 32.2 26.4 13.4
Lippia palmeri 9.3 4.8 7.5 11.2 44.7 53.6 53.3 32.8 28.3 49.7 27.3 17.6
Opuntia cholla 5.1 4.3 7.5 7.2 30.5 32.1 23.9 27.8 14.9 21.3 16.3 11.2
Turnera difusa 8.9 5.9 8.9 10.2 29.0 35.5 29.8 25.1 16.9 40.4 28.8 17.8
Non Legumes 8.8b 6.6c 8.9b 10.7a 32.9bc 45.0a 34.8b 27.8c 19.1bc 38.9a 24.5b 15.8c

Effect of plant type
Significant level1 *** *** *** *** ns *** ** ns * *** ** ns
Standard error 1.0 0.8 0.8 0.8 2.5 3.0 2.9 1.8 2.1 2.8 2.3 2.4

Seasonal means 13.0ab 10.2c 12.1b 13.8a 30.8b 36.8a 30.2b 27.6b 16.6a 28.1c 20.5b 15.0a

Effect of year 1993 1994 1995 1993 1994 1995 1993 1994 1995
Legumes 16.0a 15.0a 16.3a 23.0c 31.9a 28.1b 15.5b 18.4a 13.1b

Non Legumes 9.0ab 7.8b 9.4a 33.3a 38.1a 34.3a 22.6b 28.9a 22.5b

Annual means 12.5a 11.5b 12.8a 28.1c 34.9a 31.2b 19.0b 23.5a 17.8b

abc means in rows with different letter superscripts differ (P<0.05).
1 comparison was made using orthogonal contrasts between legumes and non-legumes.
***(P<0.001); **(P<0.01); ns: not significant.
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cantly reduced the NDIP-
ADIP (%CP), which also
showed a significant year ef-
fect, increasing in 1994 (13.4
±0.9) and 1995 (15.0 ±1.0),
three years of lowest precipi-
tation. On the other hand,
non-legumes were neither
different among seasons nor
among years. Non-legumes
such as B microphylla (7.9
±7.6), M. xantii (8.6 ±4.9),
and T. diffusa (8.1 ±5.8) had
comparable NDIP-ADIP con-
tents to those of alfalfa hay
(8.1 ±4.9). L. palmeri had
with the highest value (18.4
±13.2).

The available protein in
cell wall (NDIP-ADIP) is
considered as slowly de-
graded in the rumen, for be-
ing in the cell wall (Van
Soest et al. ,  1981; Krish-
namoorthy et al., 1983), and
their extent of degradation
depends on the degradation
and passage rates of the fi-
brous fraction (Sniffen et al.,
1992). It appears that if the

passage rate is very fast or
the degradation rate is very
slow, then this fraction would
escape degradation in the ru-
men. The NDIP-ADIP values
for alfalfa hay in this study
are comparable to the values
reported by Elizalde et al.
(1999a) and Sniffen et al.
(1992), of 7.8 and 11.2% CP,
respectively.

Degradability of crude
protein

In non-legumes, the soluble
fraction (a) increased in au-
tumn, after the rainy season,
but was similar in the other
seasons. (Table V). With ex-
ception of autumn, legumes
were higher in this fraction
than non-legumes. Legumes
were similar to alfalfa hay,
however the values obtained
for the latter were higher than
those values reported by
Elizalde et al . (1999b) for
mid vegetative (40.2%) to late
flowering (41.3%) alfalfa hay,

but were similar to the results
of Hoffman et al. (1993) for
late bud (44.8%) to midbloom
(48.2%) alfalfa hay.

The slowly degraded frac-
tion (b) was similar among
seasons in legume species. In
non-legumes, however, this
fraction was significantly
lower during winter, when the
soluble fraction was highest.
During winter and summer
fraction (a) was higher in le-
gumes than in non-legumes;
however both plant types
were affected by the year
(Table V). Legumes in this
study had a lower slowly de-
graded fraction than alfalfa
hay in all seasons except in
spring. Alfalfa hay values
were lower than those re-
ported by Elizalde et al .
(1999b) for mid vegetative
(53.5%) to late flowering
(47.1%) alfalfa hay, but were
similar to the results of
Hoffman et al. (1993) for late
bud (41.1%) to midbloom
(30.8%) alfalfa hay.

Only during the autumn
months, legumes had signifi-
cantly lower CP degradation
rates than non-legumes spe-
cies (Table VI). The CP of
Prosopis sp., B. microphylla
and O. cholla was rapidly de-
graded; however, A. peninsu-
laris, C. edulis, M. xantii and
P. confine were slowly de-
graded in rumen of cattle.
The CP of alfalfa hay was
degraded faster than all native
shrubs evaluated in this study.
High NDSP values (Table II)
in alfalfa would have posi-
tively influenced the CP deg-
radation rate in rumen of
cattle. Conversely, low NDSP
in browse plants would have
reduced the digestion rate of
CP.

Only during the spring and
summer seasons, legumes had
EDCP significantly higher
values than non-legumes. Spe-
cies such as O. cholla, Proso-
pis sp. and C. floridium had
the highest EDCP values and
were comparable to those in

TABLE V
SEASONAL DYNAMICS OF ANNUAL MEANS (THREE YEARS) OF CELL WALL AVAILABLE PROTEIN

(NDIP-ADIP; % CP), SOLUBLE CRUDE PROTEIN (% DM) AND DEGRADABLE PROTEIN (% DM) CONTENT IN
NATIVE LEGUMES AND NON-LEGUMES FROM BAJA CALIFORNIA SUR, MEXICO

Plants Cell wall available protein Soluble crude protein Degradable protein
Win Spr Sum Aut Win Spr Sum Aut Win Spr Sum Aut

Medicago sativa 7.7 6.6 10.3 7.7 47.1 46.7 51.2 51.9 43.9 31.7 40.6 43.0

Acacia peninsularis 19.4 8.0 8.4 11.9 34.5 40.7 38.8 41.8 50.4 45.7 56.1 42.2
Cercidium floridium 11.8 20.6 12.6 17.1 43.6 39.8 38.0 52.2 41.4 52.8 48.5 45.5
Mimosa xantii 9.3 8.2 7.7 9.2 48.1 44.0 45.3 50.3 40.2 42.3 28.7 39.4
Pithecellobium confine 15.2 6.1 6.2 14.5 42.5 42.9 44.4 47.1 21.7 44.3 31.4 35.1
Prosopis sp. 16.3 13.1 10.1 13.2 60.4 61.4 65.7 65.7 30.4 25.9 22.4 23.3
Legumes 14.4a 11.2ab 9.0b 13.2a 45.8b 45.7b 46.5b 51.4a 36.8a 42.2a 37.4a 37.1a

Bursera microphylla 6.3 11.4 5.0 8.5 44.2 25.9 46.5 48.4 38.3 33.7 29.7 30.1
Cyrtocarpa edulis 19.0 12.4 20.4 11.9 21.9 31.2 32.5 43.7 70.9 52.8 60.4 47.3
Lippia palmeri 16.3 19.0 25.9 15.2 35.5 32.5 23.8 45.3 45.4 54.3 32.5 40.0
Opuntia cholla 15.5 10.8 7.5 16.6 57.8 57.5 42.7 69.6 32.0 34.8 47.4 20.5
Turnera difusa 12.1 5.0 5.4 7.3 42.5 39.5 23.3 47.9 49.8 38.9 49.2 33.0
Non Legumes 13.8a 12.4a 13.0a 11.9a 40.4b 37.3bc 34.5c 51.0a 47.3a 42.9a 44.6a 34.2b

Effect of plant type
Significant level1 ns ns ns ns * *** *** ns ** ns * ns
Standard error 1.7 2.4 2.7 2.0 2.5 2.4 2.9 2.4 3.3 3.1 4.0 2.6

Seasonal means 14.1a 11.7ab 10.8b 12.5ab 43.1b 41.5b 40.7b 51.2a 42.0a 42.6a 40.9a 35.6b

Effect of year 1993 1994 1995 1993 1994 1995 1993 1994 1995
Legumes 7.4b 13.4a 15.0a 38.1c 47.0b 56.9a 47.0a 33.5b 34.7b

Non Legumes 14.9a 10.6b 12.9ab 31.1c 36.8b 54.6a 51.8a 43.6b 31.3c

Annual means 10.9b 12.1ab 14.0a 34.6c 42.0b 55.8a 49.4a 38.4b 33.0c

abc Means in rows with different letter superscripts differ (P< 0.05).
1 comparison was made using orthogonal contrasts between legumes and non-legumes
***(P<0.001), **(P<0.01), * (P<0.05), ns: not significant.
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TABLE VI
SEASONAL VARIATION OF ANNUAL MEANS (THREE YEARS) OF CRUDE PROTEIN

DEGRADATION RATE (%/HOUR) AND EFFECTIVE DEGRADABILITY OF CRUDE
PROTEIN (%) IN NATIVE LEGUMES AND NON-LEGUMES FROM BAJA CALIFORNIA

SUR, MEXICO

Plants CP degradation rate CP effective degradability
Win Spr Sum Aut Win Spr Sum Aut

Medicago sativa 11.3 16.9 14.5 11.7 74.4 64.2 74.0 76.8
Acacia peninsularis 4.2 3.8 2.7 3.4 62.3 63.2 60.6 64.5
Cercidium floridium 6.2 8.0 10.1 5.0 67.7 71.8 55.5 78.0
Mimosa xantii 6.1 2.6 2.1 1.8 64.1 63.1 58.6 65.0
Pithecellobium confine 13.2 3.0 1.7 2.0 55.8 56.3 54.3 57.5
Prosopis sp. 10.4 15.7 8.2 10.1 78.8 75.9 80.0 81.7
Legumes 8.0a 6.6ab 5.0ab 4.5b 65.7ab 66.1ab 61.8b 69.3a

Bursera microphylla 10.9 12.8 14.2 13.4 66.5 40.7 64.1 66.0
Cyrtocarpa edulis 3.8 0.5 0.2 2.9 57.3 41.3 38.7 60.5
Lippia palmeri 18.9 9.1 10.0 10.4 59.8 44.2 38.8 68.8
Opuntia cholla 13.2 8.4 8.1 8.9 76.1 77.5 58.3 82.1
Turnera diffusa 7.4 11.2 6.0 14.2 71.7 58.2 41.3 66.1
Non Legumes 10.8a 8.4a 7.5a 9.9a 66.3a 52.4b 48.9b 68.7a

Effect of plant type
Significant level1 ns ns ns *** ns *** ** ns
Standard error 0.02 0.02 0.02 .01 2.6 3.0 3.7 2.5

Overall seasonal means 9.4a 7.5ab 6.2b 7.2ab 66.0a 59.2b 55.6b 69.0a

Effect of year 1993 1994 1995 1993 1994 1995
Legumes 3.7b 8.5a 5.8b 56.9c 64.1b 76.1a

Non Legumes 8.3ab 11.5a 7.8b 54.4b 54.1b 68.9a

Annual means 6.0b 10.0a 6.8b 55.7c 59.2b 72.5a

ab means in a row with different letter superscripts differ (P<0.05).
1 comparison was made using orthogonal contrasts between legumes and non-legumes.
***(P<0.001), **(P<.01), ns: not significant.

alfalfa hay. C. edulis and L.
palmeri had the lowest values
(Table VI). The EDCP values
for alfalfa hay obtained in
this study are comparable to
those reported by Elizalde et
al. (1999b) and Hoffman et
al. (1993) of 72.9 and 72.1%,
respectively. In this study,
browse plants had higher
EDCP values during 1995
than other years, and were
also higher in autumn and
winter than in other seasons.

Ramírez et al.  (2000a,b)
and Moya-Rodríguez et al.
(2002) reported that lignin
content and condensed tannins
negatively influenced the
EDCP in leaves of 22 browse
species growing in Northeast-
ern Mexico. They also found
that during the winter months
the EDCP was higher than in
other seasons. They concluded
that in some situations, be-
cause of warm temperatures
and wet climate that occurred
at the end of winter, native

shrubs from Northeastern
Mexico could develop new
vegetative growth-producing
foliage with highly soluble
CP. Thus, this would explain
why microbes in the rumen
of sheep, in previous studies,
and of cattle in this study, di-
gested to a greater extent the
CP in browse species during
winter than during other sea-
sons.

Lignin content in browse
species evaluated by Ramírez-
Orduña et al. (2003) was
negatively correlated with
EDCP in legumes (r= -0.55,
P<0.001) and non-legumes
(r= -0.31, P<0.001), but posi-
tively correlated with NDIP
(r= 0.36 and 0.40, P<0.001,
in legumes and non-legumes,
respectively) and with ADIP
(r= 0.61 and 0.59, P<0.001).
Condensed tannins in legumes
were positively correlated
with NDIP (r= 0.42, P<0.001)
and with ADIP (r= 0.32,
P<0.001).

These results indicate that
lignification in browse plants
might be the most important
factor in determining the pro-
tein distribution in the cell
wall and, perhaps, protein fer-
mentation. Moreover, con-
densed tannins in legume spe-
cies might be a contributing
factor in determining the pro-
tein availability of protein in
the cell wall. However, it may
be recognized that the struc-
tural features of lignin have a
greater effect on ruminal cell
wall degradation than the con-
centration of individual cell
wall components (Jung and
Deetz, 1993; Van Soest,
1994). Similarly, research on
tannins in forage legumes has
determined their variable ef-
fect on protein digestion
(Reed, 1995; Butter et al.,
1999; Mueller-Harvey, 1999).
However, more research on
tannin structure in relation to
digestion of specific proteins
is needed.

Ruminants browsing shrub
species such as those evalu-
ated in this study, possibly
metabolize nitrogen in a bet-
ter way than those animals
feeding only on alfalfa hay,
as most of the protein from
the latter may be more rap-
idly degraded. Thus, if rumi-
nal microbes cannot utilize all
of the aminoacids and ammo-
nia released, it is suggested
that more protein would have
been degraded than synthe-
sized. Otherwise, more con-
centrate has to be provided to
maximize capture of the de-
graded forage protein for ru-
minal protein synthesis
(Broderick, 1995). Conversely,
nitrogen browse plants with
lower NDSP and EDCP may
pass through the rumen as
aminoacids to the lower gut,
and eventually be absorbed in
the small intestine (Van Soest,
1994).

Even though there were
variations in the seasonal dy-
namics of protein concentra-
tion, composition and degra-
dation rates between legume
and non-legume species, the
protein content and effective
degradation of CP of native
legumes were highly influ-
enced by the year (Table III).
Also, during the three years
evaluation of nutritional dy-
namics of the ten most impor-
tant browse species from Baja
California Sur, two periods
could be detected: 1) a good
forage quality period during
the autumn and winter sea-
sons, and 2) a low forage
quality period in the spring
and summer seasons. It seems
that in non-legume species
the main limiting factors of
forage quality were the lower
CP content and cell wall
available CP (NDIP-ADIP),
because during the low forage
quality period the low con-
centration of CP negatively
influenced the soluble fraction
as well as EDCP, and in-
creased the insoluble fractions
(NDIP and ADIP).

In this study, O. cholla, a
non-legume species, with the
lowest CP content in all sea-
sons and years, had the high-
est EDCP and potentially de-
gradable CP, which means
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that its CP is very soluble
and degradable in the rumen
of cattle (Table II). Other re-
ports (Vadiveloo and Fadel,
1992; Hoffman et al., 1993)
have found a wide variation
in protein degradation and
composition between and
within plant species, and have
concluded that the species
and maturity interactions is
wide, so that the conventional
classification of forages may
not be a good reflection of
the compositional and degrad-
ability attributes.

Conclusions

Two periods could be de-
tected in the three years nutri-
tional evaluation of the ten
most important native browse
species from Baja California
Sur: 1) a good quality forage
period, represented by the nu-
tritional values of the legume
species, in the autumn and
winter seasons, and 2) a low
quality forage period, which
can be represented by the non-
legumes, in the spring and
summer seasons. During the
worst quality forage seasons
(spring and summer), legumes
almost double non-legumes in
CP and degradable CP con-
tent. Moreover, legumes such
as C. floridium and Prosopis
sp. were the most important
legumes in the area, and are
largely fermented in the rumen
of steers, even more so than
alfalfa hay. Conversely, non-le-
gume species had low CP
content and CP fermentation
values. Only the non-legumes
O. cholla and C. edulis had
CP contents that were highly
fermented in the rumen of
steers. Therefore, it is recom-
mended that legumes be con-
served and promoted in these
arid regions, because of their
CP and CP in the cell wall
that can be largely fermented
and, consequently, could im-
prove performance of animals
feeding on them and sustain a
good development of range ru-
minants.
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