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HASONAL DYNAMICS OF RUMINAL CRUDE PROTEIN DIGESTION

FBROWSE SPECIES FROM BAJA CALIFORNIA SUR, MEXICO

bel Ramirez-Orduiia, Roque G. Ramirez-Lozano, Marco V. Gomez-Meza,

w A. Armenta-Quintana, Juan M. Ramirez-Ordufia, Ramon Cepeda-Palacios

w Juan M. Avila-Sandoval

SUMMARY

Ten native browse species from Bgja California Sur, Mexico,
we nutritionally evaluated in each season of three consecutive
wrs measuring crude protein (CP), protein fraction in neutral
wergent fiber (NDIP) and in acid detergent fiber (ADIP), and
we and extent of crude protein degradability, Five legumes and
i non-legumes were collected from 16 linear 30m transects.
i plonts in each transect were identified and measured to esti-
wte Shannon’s diversity index, species richness, aerial cover
ud relative frequency, dominance, density and impartance.
Hedicago sativa L. hay was used as reference forage with high
witional quality. To estimate the effective degradability of
wude protein (EDCP), duplicate nylon bags (10xI5¢m; 50um
wee size) containing 4g of each plant species from each season

RESUMEN

Diez arbustos nativos de Baja California Sur, México, fueron
miricionalmente evaluados en cada estacion durante tres anos
wnsecutivos, midiendo proteina cruda (PC), fraccién proteica en
lfibra detergente neutro (FPDN) y en la fibra detergente dcido
(FPDA), y velocidad y grado de degradabilidad de PC. Cinco
guminosas y cinco no-leguminosas fueron colectadas de 16
mnsectos lineales de 30m. Todas las plantas de cada transecto
fueron identificadas y medidas para estimar el indice de
dversidad Shannon, rigueza de las especies, coberfura aérea y
fecuencia relativa, dominancia, densidad e importancia. Heno de
Medicago sativa L. fue wsado como forraje de referencia de alia
wlidad nutritiva. Para estimar la degradabilidad efectiva de PC
(DEPC), se usaron por duplicado bolsas nylon (10x15cm; pore de
B4m) conteniendo 4g de cada especie de cada estacién y afio,

" and year were incubated in the ventral part of the rumen in four

cannulated begf steers. In general, CP content, NDIF, 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 autwmn and
winter, and a low qualiry one in spring and summer, could be
distinguished.

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 otofio. La DEPC en leguminosas fue significariva-
mente menor en veranp, posiblemente por reducciér en la
proteing disponible de la pared celular. Solo especies coma Opun-
tia cholla, Prosopis sp. y Cercidium floridium iuvieron valores de
DEPC comparables o0 mayores a la alfalfa. Cyrtocarpa edulis fuvo
la menor DEPC. La PC de leguminosas fue mds degradada en el
rumen que las no-leguminosas. Se distinguen dos periodes de
calidad nutritiva, uno de alta calidad en otorio & invierno y otro
de baja en primavera y verano.

Introduction 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

The State of Baja Califor-
na Sur, in Northern Mezxico,
i considered as an extremely
unid zone (COTECOCA,
1875). Of the vegetation,
2% is mainly composed by

animals {Arriaga and Canci-
no, 1992).

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

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-

KEYWORDS / Native Shrubs / Sonora Desert / Crude Protein / Cell Wall Proteins / Degradabﬂity of Crude Protein /
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RESUMO

nez urbustos nativos da Baixa Califérnia Sul, ‘México, fo-

Cutricionalmente avaliados em cada estacdo
" . .onsecutivos, medindop proteina crua (PC), ffacdo protéica
it detérgente neutro (FPDN) e na fibra detergente dcido
,um ¢ velocidade e grau de degradabilidade de PC. Cinco
Laninasas € cinco ndo leguminosas foram coletadas de 16
icios lineares de 30 m. Todas as plantas de cada transecto
i identificadas e medidas para estimar o indice de diversi-
e Shemnon, rigueza dds espécies, cobertura aérea e freqiién-
 rlativa, demindncia, densidade e importdncia. Feno de
5a.liu g0 sativa L. foi usado como forragem de referéncia de
rmhdade nutritiva. Para estimar a degradabilidade efetiva
;r[ (DEPC), se usaram por duplicade sacolas nylon (10 x 15
s poro de 500 im) contendo 4 g de cada espécie de cada esta-

rante trés

¢do e ang, incubadas na parte ventral do rimen de quatro be-
zerros de camme canulados. Em geral, o conteiido de PC, FPDN,
FPDA e DEPC foram significativamente maiores em
leguminosas. A PC solivel na fibra detergente neutro foi rmaior
nas ndo leguminosas na primavera e no verdo, ¢ PC ¢ DEPC
Joram maiores no outono. A DEPC em leguminosas fol significa-
tivamente menor no verdo, possivelmente por redugde na prote-
frna disponivel da parede celular. Somente espécies como
Opuntia cholla, Prosopis sp. ¢ Cercidium floridium tiveram valo-
res de DEPC compardveis ou maiores a alfafa. Cyrtocarpa
edulis teve a menor DEPC. A PC de leguminosas foi mais de-
gradada no rimen que as ndo leguminosas. Distinguem-se dois
periodos de qualidade nurriniva, um de alta qualidade no outono
e no inverno e outro de baixa na primavera e no verdo.

wil nature of the forage sup-
41, logether with low intake
i animals and poor digest-
Nity of forage, are the mia-
 factors contributing to the
kv productivity of ruminants
wding on browse species
jlemenyi and McWﬂhams,
we. - -
In ruminants; where feed is
gmented in the rumen, this
fimentation has confoiunded
e prediction of animal per-
fmance from dietary ingredi-
Jis. Therefore, a mechanistic
aemstanding of fermentation
gnceded for sustained devel-
wpnent of apimal production.
Mechanistic models require
quantitative estimates of carbo-
Iydmtes and protein digestion
(atter, 1980; Russell ez al.,
192; Sniffen et al, 1992).

The object of this study
s to evaluate and compare
wasonatly, during three con-
wcutive years, the crude pro-
kin content (CP), the CP
%mposition of the cell wall,
ad the rate and extent of CP
ligestion in leaves of five le-
Bmes and five non-legumes
Yoving in a shrubland from
bja California Sur, Mexico.
Wedicage sativa hay was in-
tided as reference forage of
ligh nutritional quality.

Materials and Methods
Yire and collection area

_This study was conducted
o the Palmar de Abajeo
fnch (800ha), located in La
tsz, Baja California Sur,
Mesico, at 23°38'40"N and

£

110°18'07"W. The climate of
the region is arid with annual
mean temperature of 21.2°C.
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 microphyila
Gray (Burceraceae); Cyrto-
carpa edulis (Brand) Stand
(Anacordiaceae); Lippia paim-
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
sclectively 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 1993. Branches of each

species were bulked in tripli-
cate samples for each season
and year, and were allowed to
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dry under shade. Leaves were
removed manually, oven dried

" (45°C} for.72h, ground in a

Willey mill {1mm). Alfalfa
hay (Medicage sativa L.) ob-
tained from a commercial
stor¢ 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 sz—imples were
subjected to chemical analysis

ISDCP% =

(Inirial weight — final weight) .

The nylon bag technique
was used to estimate the rate
(kd, %/h) and extent of CP
loss (%). Nylon bags of
10x15cm and 50pm 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 60°C in
an oven for 48h. The in sifu
disappearance of crude pro-
tein (ISDCP) for every period
of incubation was calculated as

Initial weight

to determine crude protein
(CP; AQAC, 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).

x100

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 (Brskov and
McDonald, 1979)

P=a+b(l-e¥)

where p: percentage of disap-
pearance of the CP at time t, &
soluble fraction of CP that is
lost during washing, b: insoluble
fraction of CP that is degraded
in the rumen, kd: constant race
of disappearance of fraction b,
and t incubation ame.,
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The non-lingar parameters a,
band kd and effective degrad-
pitity of the CP (EDCP=
[a+b}kd/(kd+kp)[e tRdknT],
wvhere kp: outflow rate from
te ramen and T: lag time
(eriod in h that rumen mi-
cobes take to imitiate fer-
mentation), were all calcu-
[ated using the Neway pro-
gram (McDonaid, 1981). The
EDCP values of browse spe-
ties and M. sativa hay were
estivnated using a rumen out-
flow rate of 2%/h.

Stotistical 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-
ties were compared using or-
thogonal contrasts. The season
and year effect for each plant
type (legumes and non-le-
gumes) was determnined by a
wo way analysis of variance
model. Values of acid deter-
gent lignin (ADL) and con-
densed tannins (CT) reported
by Ramirez-Ordufia 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 Q. 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-fegumes contributed al-
most twice in importance
value than Jegumes in all sea-
sons because of their higher
relative frequency, density and
dominance; howewver, both
plant types were similar in all

410

TABLE 1
CONTRIBUTION (%) OF FIVE LEGUME AND FIVE NON-LEGUME SPECIES TO THE
BOTANICAL §TRUCTURE 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 3.62 11.63
Pithecellobium confine 1.40 18.88 1.25 222 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 4724 445 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 I ‘

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 9.7 623 5.8 15.1 27.7
Spring 10.1 484 5.3 14.0 225
Summer 59 44 .8 4.6 111 201
Auturon 10.1 52.7 84 16.6 25.9
Non legumes Winter 13.5 843 21.8 21.4 42,5
Spring 163 83.6 22.6 22.6 42.9
Summer 104 36.0 193 19.6 41.6
Autumn 10.7 90.0 19.3 18.2 42.5

seasons with respect to cov-
ered area. Non-legumes de-
creased all these variables
from winter

in summer and higher in au-
tomn than other seasons.

Chemical composition

to autumn,,
whereas legumes were lower

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

TABLE III

NDIP-ADIP content in plants.
Moreover, plant type was the
main factor that affected the
CP, NDIF, ADIP and CP deg-
radation rate (Table III)._
The shrub 0. cholia (6.0
+2.8 annual mean *standard

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 53" 9.8 11.6™ 2.3ns o7 333 6.6" 63.5™
Season 16.0™ 9.4 309 160s 148 T 23ns 240
Plant type 3314" 3386 AT 0.8ns PYN 62 12.1" 28.2™
Year X season 145~ _ 35" 16" 2.5° 11.6™ 142" 1.2n5 33™
Year X plant type Oles 1lns 1Ons 1L6™ 3T 6.2 0.7ns 36"
Season x plant type  17ns 7.5 17.1™% l.4ns 4.0" 35 0.8os 92"
Year X season X l.4ns  0.3ns 0.5ns 1.5ns 1.4ns 1.2ns 24" 2.87

plant type

axk (P20.001), **(P<0.01), ¥(P<0.05). ns:= not significant.
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TABLE IV

SEASONAL CHANGES OF THE ANNUAL MEANS (THREE YEARS) OF CRUDE PROTEIN (CP, % DM),
' NEUTRAL DETERGENT INSOLUBLE PROTEIN {NDIP, % CP) AND ACID DETERGENT

FROM BAJA CALIFORNIA SUR. MEXICO

INSOLUBLE PROTEIN (ADIP, % CP) CONTENT IN NATIVE LEGUMES AND NON-LEGUMES

Plants cp NDiP ADIP

Win  Spr  Sum _ Aut Win  Spr Sum Aut "Win Spr Sum  Aut
edicago sativa 156 177 156 156 144 120 157 144 66 53 53 66
Aacta peninsularis 138 108 115 139 355 296 308 307 16.1 215 223 187
Cercidium floridium 17.1 124 138 168 281 336 284 283 163 130 157 11.1
Himosa xantii 144 116 179 162 258 303 216 239 164 221 138 146
Pithecellobium confine 196 158 147 175 02 293 299 338 150 231 237 183
Frosopis sp. 2i4 186 176 200 238 204 189 204 74 7.2 8.7 7.2
Legumes 17.3* 138 15.1* 16.9® 28.7+ 286 259* 274° 142 174 169 1420
Bursera microphylla 92 73 9.5 956 260 593 264 277 197 510 246 19.1
Cyrtocarpa edulis 116 106 104 151 345 446 468 254 155 322 264 134
Lippia palmeri 9.3 48 7.5 112 447 536 333 328 283 497 273 176
Opuntia cf.lolla 5.1 43 75 7.2 305 321 239 278 149 213 163 112
Turnera difusa 8.9 5.9 8.9 102 290 355 298 251 169 404 288 178
Non Legumes 88 66 89 107 329% 45.0° 348> 278 19.1% 38.9* 245" 158
Effect of plant type .
Significant level! ok *ok sk L] L ns seokeok *ok ns * #kH *k ns
Standard error 1.0 0.3 08 0.8 2.5 3.0 29 1.8 2.1 28 23 24
Seasonal means 13.0° 102 12.1° 138 30.8> 36.8+ 30.2° 27.6° 16.60 28.1¢ 20.5* 15.00
Effect of year 1993 1994 1995 71993 1994 1995 1993 1994 1995
Legumes 16.0¢0 150~ 16.3* 23.0¢ 319+ 28]1° 15.5" 184 13.1%
Non Legumes 90* 78 94 33.3* 38.1* 3473 22.6> 289+ 225°
Annval means 12,5+ 11.5 12.8 28.1¢ 349+ 3120 19.00 235+ 17.8°

error) had the lowest CP
content (Table IV) while
Prosopis sp. had the highest
{19.4 £3.4), even higher than
dfalfa hay (16.1 £2.7). Le-
gume species were signifi-
tantly higher in CP (15.8
$3.9) than non-legumes (8.7
#3.5). In autumn, non-le-
simes had a higher CP con-
tent, and in legumes it was
tigher in winter. The CP val-
ves for alfalfa hay were
comparable to those values
reported for alfalfa hay mid
bloom (16.5% DM) by
Sniffen er al. (1992). Only
non-leguine species were Sig-
nificantly affected by the
year; in years when rainfall
was lower, the CP in non-le-
jumes was also lower (7.7
H.4%).

According to Sniffen er
al. (1992) NDIP is the frac-
tion that includes both avail-
able and upavailable proteins
linked to cell wail. Legumes
{(21.7 £8.0) bad lower NDIP

#”

* means in rows with different ictter superscripts differ (P<(0.05).

'comparison was made using orthogonal contrasts between legumes and non-legumes.
*#3(P).(001); **(P<0.01); ns: not significant.

(%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 1993,
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 ai. (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
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rapidly to intermediately de-
graded in the rumen species
remains high throughout the
yvear 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 Saiffen
et al. {1992) and Elizalde et
al. (199%9a), respectively. Evi-
dence from numerous feeding
studies indicate that exces-
sive ruminal protein degrada-
tion could be the most limit-
ing nutritional 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<0.03) 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 tuminally (Krish-
namoorthy et al., 1982).
During the summer months
{Table V), legumes signifi-
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TABLE V
SEASONAL DYNAMICS OF ANNUAL MEANS (THREE YEARS) OF CELL WALL AVATLABLE PROTEIN

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

Plants Cell wall available protein Soluble crude protein Degradable protein
Win  Spr Sum  Awm Win  Spr Sam  Awm Win  Spr Sum  Aut
Medicago sativa 7.7 66 103 7.7 47.1 467 512 519 439 317 406 430
Acacia peninsularis 19.4 8.0 84 119 345 407 388 418 504 457 56.1 422
Cercidivm floridium 11.8 206 126 171 43.6 398 380 522 414 528 485 455
Mimosa xantii 9.3 8.2 7.7 9.2 481 440 453 3503 40.2 423 287 394
Pithecellobium confine 15.2 6.1 62 145 425 429 444 471 21.7 443 314 351
Frosopis sp. 163 131 101 132 604 614 657 657 304 259 224 233
Legurnes 144 11.2* 90 13.2° 458° 457 46.5 514 368 422 374 3710
Bursera microphylia 63 114 50 85 442 259 465 484 383 337 297 301
Cyrtocarpa edulis 190 124 204 119 21.9 312 323 437 709 528 604 473
Lippia palmeri 163 190 259 152 355 325 238 453 454 543 325 400
Opuntia cholla 155 108 7.5  16.6 57.8 575 427 69.6 320 348 474 205
Turnera difusa 12.1 5.0 5.4 7.3 425 395 233 479 49.8 389 492 330
Non Legumes 13.8* 124 13.0¢0 11.9° 40.4* 37.3% 3457 51.0° 473" 4290 446 342°
Effect of plant type
Significant level’ ns ns ns us *o kR kex ns wok ns. # ns
Standard error 1.7 24 27 20 2.3 24 29 2.4 33 3.1 4.0 26
Seasonal means 14.1* 11.7*% 10.8* 12.5® 43,1 41.5* 407 51.2° 42.00 426' 409 35.6°
Effect of year 1993 1994 1995 1993 1994 {995 1993 1994 1995
Legumes 7.4% 134 15 38.1¢ 47.0> 56.90 47.00 33.5° 34.7
Non Legumes 149" 106 12.9* 31.1° 368> 54.6° 51.8* 43.6% 31.3¢
Annual means 10.9%  12.1% 14.0¢ 34.6° 42,0 55.8° 49.4* 384° 33.0¢

* Means in rows with different letter superscripts differ (P< 0.05).
'comparison was made using orthogonal contrasts between legumes and non-legumes
set{P0,001), **(P<0.01), * (P<(.05), ns: not significant.

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
tomparable 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
tonsidered as slowly de-
graded in the rumen, for be-
ing in the cell wall {Van
Soest ez al., 1981; Krish-
namoorthy et al., 1983), and
their extent of degradation
depends on the degradation
md passage rates of the-fi-
brous fraction (Sniffen er af.,
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 er al.
(1999a) and Sniffen er 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 sirgilar in the other
SEaAs0ns. (Tr%Te 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 lauer 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
simildr to the results of
Hoffman er al. (1993) for late
bud (41.1%) to midbloom
(30.8%) alfalfa hay.
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Only during the antumn
months, legumes had signifi-
cantly lower CP degradation
rates than non-legumes spe-
cies (Table VI). The CP of
Prosopis sp., B. microphyila
and 0. 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 1I}
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, chella, Proso-
pis sp. and C. floridium had
the highest EDCP values and
were comparable to those in
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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
Plapis CP degradation rate CP effective degradability -
1 Win  Spr Sum  Aut Win Spr Sum  Aut
Yedicago sativa 11.3 169 145 117 744 642 740 768
kacia peninsularis 42 3.8 27 34 62.3 63.2 60.6 64.5
(ercidium floridium 6.2 80 101 50 67.7 71.8 555 78.0
Mimosa xantii 6.1 2.6 21 L8 64.1 63.1 58.6 65.0
Fithecellobium confine 132 3.0 1.7 20 55.8 563 543 515
Prosopis sp. 04 157 82 101 78.8 75.9 80.0 81.7
legumes .00 6.6° 5.0° 45 635.7% 66.1™ 618> 69.3*
Bursera microphylla 10 128 142 134 66.5 407 641 660
Cyrtocarpa edulis 38 0.5 02 29 573 41.3 387 60.5
Lippia palmeri 18.9 91 100 104 59.8 4472 3838 68.8
Opuntia cholla 13.2 8.4 8.1 89 76.1 7.5 58.3 82.1
Turnera diffusa 74 112 60 142 7.7 582 413 661
Hon Legumes 10.83+ 842 75¢ 9.9 663+ 524 489 &3.7*
Effect of plant type
Significant level' ns ns - ng  EEE ns Hork *k ns
Standard error 002 002 002 01 2.6 30 3.7 25
Overall seasonal means 940 75% p2F 72 66.00  592* 55.6¢ 69.0°
Effect of year 1993 1994 1995 1993 1994 1995
Legumes 3’ 85 5.8 56.% 641t 76,10
Non Legumes 83* 11.5*+ 7.8 T 54.4% 54.1° 689
Annual means 6.0° 100~ 6.8° 55.7¢ 5928 725

dfalfa hay. C. edulis and L.
palmeri had the lowest values
{Table ¥1). The EDCP values
for alfalfa hay obtained in
this study are comparable to
those reported by Elizalde et
gl (1999b) and Hoffman et
d. (1993) of 72.9 and 72.1%,
respectively. In this study,
browse plants -had higher
EDCP values during 1995
than other years, and were
iso higher in autumn and-
winter than in other seasons.
Ramirez ez al. (2000a,b)
ad Moya-Rodriguez et al.
(2002} reported that lignin
cntent and condensed tanning
wegatively influenced the
EDCP in leaves of 22 browse
species growing in Northeast-
#m Mexico. They also found
that during the winter months
the EDCP was higher than in
other seasons. They conclnded
that in some situations, be-
tagse of warm temperatures
d wet climate that occurred
it the end of winter, native

* means in a row with different letter superscripts differ (P<0.05).
'comparison was made using orthogonal contrasts between legumes and non-legumes.
w(Bc(3.001), **(P<.01), ns: not significant.

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 Ramirez-
Orduiia 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 pon-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<(.001).
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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 comppnents (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 er 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 wouid 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 eventuatly be absorbed in
the small intestine (Yan Soest,
1994).

Even though there were
variations in the seasonal dy-
namics of protein concentra-
tion, composition and degra-
dation rates befween 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 conteut 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 inscluble 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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hat its CP is very soluble
md degradable in the rumen
of cattle (Table II). Other re-
ports (Vadiveloo and Fadel,
1992; Hoffman et al., 1993)
have found a wide variation
it protein degradation and
pmposition between and
within plant species, and have
concluded that the species
md maturity interactions is
wde, so that the conventional
thssification of forages may
got be a good reflection of
the compositional and degrad-
wility attributes.

Conclusions

Two periods could be de-
kcted in the three years nutmi-
tional evaluation of the ten
most important native browse
species from Baja California
Sur: 1) a good quality forage
period, represented by the nu-
ritional 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
dmost double non-legumes in

tent. Moreover, legumes such
s C, floridium and Prosopis
sp. were the most important
legumes in the area, and are
lrgely fermented in the rumen
of steers, even more so than
dfalfa hay. Conversely, non-le-
gume species had low CP
content and CP fermentation
values, Only the non-legnmes
0. 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
and 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-
TinaRts.
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Abstract .

amirez-Orduna, BE., lamires K.G., Gomez-Meza, M.V, Armenta-QL}intaua,
+A., Ramivez-Orduia. J.M.. Ucpeda-Palacios, R. and Avila-Sandoval, J.M,
2003. Seasonal dynamics of vrganic matter digestion in browse species from
Baja California Sur, Mexico. ). Appl. Anim. Res., 24: 000-000. . -

With the aim to estiniale seasonolly the rate and extent of orgonic matter
degradability (EDOM), ten nalive species from Bajoe California Sur, Mexico
were evaliated. Branches from the legumes: Acacia peninsularis (Bril.
L. Rose) Standiey: Cercidium floridium (Benth); Mimosa xantii, Gray;
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" Pithecellobium confine (Standley) and Prosopis sp. (Torr) and non

legumes; Bursera microphylle Gray (Burceraceae); Cyrtocarpa edulis
~i{Brand), Stand (Anacordiaceae); Lippia palmeri, S. Wats (Verbenaceae);
Opuntia cholla, Weber (Cactaceae) and Turnera diffusa Wiid
" {(Turneraceae) were collected from 16 linear transects,of 30m, located
randeomly. Collections were carried out in each season during three
coiisecutive years. Non legumes species were significantly different in their
EDOM during spring and suminer, whereas legumes species. were not
-affected by season. Differences between plant types were significant only
during spring. Cercidium floridium and O. cholla had EDOM values
comparable to alfalfe hay. Other plant species resulted with lower EDOM
than alfalfa hay. Turnera diffuse had the lowest EDOM. It may appear
that forage quality vary according to season, during fall and winter good
quality and during the spring and autumn low quality forages are available,

Key words: Native shrubs, Baja California Sur, Mexico, chemical
S composition, effective degradability, organic matter,

Introduction .

The.improvement in the feeding of ruminants has been based on
the development of mechanistic models that provides quantitative
estimates of fermentation end products and materials that escape -
ruminal degradation (Russell et al., 1992). However, the Jow or
negative digestion coefficients of nitrogen (Woodward and Reed,
1995; McSweeney et al., 1999) and cell wall constituents (Makkar
et al., 1997, McSweeney et al., 1999) in plants containing condensed
tannins, indicate that these fractions are digested in a different way.
This lack in uniformity and the need of quantitative data of forage
degradation under specific feeding conditions make it necessary to
evaluate potential forage sources in arid and semiarid lands. -

“Baja California Sur, Mexico is considered as an extremely arid’
zone (FAQ, 1987), 92 per cent of its flora is composed by shrubs and

23 per cent of these are endemic species (Breceda “ef al., 1991).

Livestock production systems, in these areas, are based mainly on
grazing goats and beef cattle (Arriaga and Cancino, 1992) and most -

of the farmers are traditional smallholder; however, there is an
- extreme lack of information on the value of shrubs fodder for farm -
animals, The aim of this study was to evaluate and compare the
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cell wall constituents and the rate and extent of crganic matter
digestion of leaves in five legumes and five non-legume native shrubs
species from Baja California Sur. In this study, Medicago sativa .
‘hay was used as a reference species of good nutritional quality.

Materials and Methods

_ Q’zte and collecticn area

This study was conducted in the ranch “Palmar de Aba]o” (800 ha)'
located in La Paz, Baja California Sur (23° 38'40" north and 110°
18'07" west). The climate of the region is arid with annual mean
~ temperature of 22C and annual precipitation of 182 mm, mainly
. during the summer and winter seasons. Branches from five legumes:

Acacia peninsuloris (Brit. L. Rose) Standley; Cercidium floridium
(Benth); Mimosa xaniii, Gray; Pithecellobium confine (Standley) and
Prosopis sp. (Torr) and five non-legumes: Bursera microphylla Gray -
(Burceraceae); Cryiocarpa edulis (Brand) Stand (Anacordiaceae);
Lippia palmeri, S. Wats (Verbenaceae); Opuntia cholla, Weber
(Cactaceae) and Turnera diffusa Wild (Turneraceae) were collected
from 16 linear transects of 30 m, located randomly. Collections were
carried out in each season of the year (winter, February 23; spring,
May 23; summer, August 23 and fall, November 23), during three
consecutive yvears. Branches were bulked in one sample of each
species and were allowed to dry under shed. Leaves from branches
were removed manually, oven dried (45C) and ground in a Willey

mill (2 mm screen). Alfalfa hay (Medicago sativa) was used as a
reference plant.

Chemical analyses

All species were analysed to determine dry matter, ash, organic
matter (AOAC, 1990), neutral detergent fiber (NDF), hemicellulose,
cellulose (Goering and Van Soest, 1970, modified- by Van Soest et
al., 1991), lignin (AOAC, 1990) and condensed tannins (Burns, 1971,
modified by Price et al., 1978). Non-structural carbohydrates (NSC)
content was also determined (Van Soest et al., 1991).

Four rumen cannulated beef steers (250+5.3 kg) were used to
estimate the rate (lkd %/h) and extent of organic matter loss (%) of

MAC-2-AMD-ATHLON ChpmSikamra\Sep-2003.p6ms
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each plant species in each season and in each year. Nylon bags
+ (10x15 cm-and 50 pm of pore size) were incubated in the ventral
part-of the rumen of steers. During the trial steers were fed alfzlfa
hay (16% CP) ad libitum. Plant material (4¢g) was placed in nylon
bags and suspended in the rumen of steers for 1, 2, 3, 4, 8, 12, 24,
48, 72 and 100 h, respectively. Zero-time disappearance was
determmed from unincubated bags. After incubation, the washed
bags were dried at 60C in an oven for 48 h. The in situ digestibility

of organic matter (ISDOM) of every period -of incubation was
calculated. .

To estimate the non-linear characteristics of OM, in situ
digestibility values from nylon bags were used .in the fo]lowmgv-
equation from @Jrskov and McDonald (1979):

=g + b (1 ekd,t)
where

P is the percentage of disappearance of the OM at time t,
a is the soluble fraction of the sample,

b is the insoluble fraction that is degraded slowly in the rumen,

¢ is a constant rate of disappearance of the fraction b, and
t is the incubation time,

The non-lineal parameters &, b and ¢, and the effective
degradability of the OM (EDOM) = (a+b)c/(crkd)[e=T] was
calculated using the computer program Neway (McDonald, 1981).
Where kd represents the outflow rate from the rumen and T is the
lag time. The EDOM values of browse leaves and M. sativa were
estimated using an outflow rate of 2%/h.

Data from fiber fraction, rate of organic matter degradation
and EDOM were analysed by analysis of variance, means of legumes-
and no legumes species were compared by contrasts. The season
and year effect for each plant species and type {Jegume and non
legume) was determined by auto regression analyses. The fall season
was used as a base seasen for comparison. All statistical procedures
were performed using SPSS 9.0 software (SPSS, 1999).
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Results and Discussion
Chemical composition ‘

The non-structural carbohydrates (NSC) in legumes and non-
legumes were different (P<0,001) only in spring as compared to other
seasons. Also during spring plants varied among themselves in their
NSC content. However, when comparison was made among years,
they were not different (P>0.05; Table 1a). During spring NDF
‘content of some shrubs significantly decreased (P. confine and
M. xantii), whereas others showed reverse trend (C. edulis and

T. diffusa). In spring the NDF content was higher (P<0.01) in non-.

legumes than in legumes species.

Opuntia cholla, L. palmeri and Prosopis sp. had the highest
hemicellulose content, whereas B. microphylla and 'T. diffusa had
the lowesf. The non-legume species were more variable in
hemicellulose content than the legume species (Table 1a) but there
were differences only in fall. Legumes species had lowest
hemicellulose content during spring and summer, whereas the non-
legumes had highest during winter (Table 1a).

In this study, except L. palmeri all plants in all seasons and
years had lower cellulose content than alfalfa hay. A. peninsularis
in fall and B. microphylla in spring had highest cellulose content.
There were significant differences in winter and spring in cellulose
content between non-legumes and legumes, non-legumes decreased
their cellulose content during winter but increased it in spring,

whereas the legume species did not show any seasonal effect (Table
1b}.

All plants in all seasons had higher lignin content than that
of M. sativa hay. Bursera microphylila, P. confine and T. diffusa
showed the highest, and C. floridium;, O. cholla and Prosopis sp.
the lowest lignin content. Non-legumes were more variable in lignin
content than legumes across seasons. During spring lignin content
of non-legumes increased (Table 1b). Legumes were higher in
condensed tannins than non-legumes. Only legumeg species had a
season effect. They resulied in the lowest tannin content during
winter and spring ([able 1b).
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Organic matter degradation rate

All studied species had a lower organic matter degradation rate
(%/h) than alfalfa hay (Table 2). Acacia peninsularis, C. edulis, M.
xantii and P. confine had the lowest degradation rate. It increased
- (P<0.01) in spring and winter for M. xanti: and P. confine,
respectively. Qther species were not different (P>0.05) among
seasons. Organic matter degradation rate of legumes. was lower than
in non-legumes in all seasons and it increased during winter and

spring, whereas non-legumes species were not-affected by the season
(Table 2).

Effective degradability of organic matter (EDOM)

EDOM of non-legumes decreased during spring and summer,£
whereas legumes were not affected by season. Differences between
plant types were significant only in spring (Table 2). Cercidium
floridium and Q. cholla were comparable to alfalfa hay. Other plant
species resulted in lower EDOM than alfalfa hay.

It may appear that good quality forages are available during
the fall and winter seasons. The low NDF and condensed tannins
content in shrubs and the concomitant increase in NSC and EDOM
in legumes during spring might indicate a better forage quality than
non-legumes. Hoffman et al. (1993) found that legumes exhibited
more ruminal dry matter degradation than did grasses, however
they reported extensive differences in ruminal degradation kinetics
hetween perennial legumes and non-legumes species and maturities.
In this study, EDOM and NSC content of non-legumes decreased
in spring and summer and cell wall components were increased in
spring at the time of crop maturity. Nelson and Moser, 1994 and
Van Soest, 1994 supported that the maturity effect in legumes is

- determined by a decrease in the leafistem ratio with little effect on
nutritive constituents. Moreover, lignin éontent appear to be the
most important component limiting EDOM in leguminous (= -0.56,
P<«0.001) and non-leguminous {r=-0.69, P<0.001) species, however,
there were wide variations in EDOM interspecies and intraspecies .
within seasons varying from 30.5 to €9.4 in non-legumes and from
46.1 to 70.2 in legumes species. Other studies have found a high
variatior =++hi~ ond among plant species (Hoffman et al., 1993;
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Seasonal dynamics of the rate of degradation of the organic matter
(%/hour) and organic matter degradability (%) in leguminous and
non-leguminous native shrubs from Baja California Sur, Méxice

Plant

Degracdation rate of OM

EDOM

Winter Spring Summer Fall

Winter Spring Summer Fall

Medicago sativa
Acacia peninsularis
Cercidium floridum
Mimosa xantii
Bithecellobium confine
Prosopis sp.

Leguminous

Bursera microphylia
Cyrtocarpa edulis
Lippia palmeri
Opuntia cholla
Turnera difusa

Non-Leguminous

Effect: Season'
Leguminous

AR
Non-leguminous _

AR

Effect: Plant Type®
Contrast
SE

- 111
4.7
6.2
5.4
6.8
9.5
6.5

10.7
8.5
11.4
8.7
12.5
9.9

ek

=2 e
[=R-T =]
(A

LE &

0.008

17.2
0.1
8.9
6.1
6.4
8.4
7.0

9.4
7.7
9.0
10.5
121
9.7

* ik

0.02
ns

0.01

* %

0.008

13.3 124
3.6 4.0
5.2 6.1
3.6 24
3.1 24
84 69
4.8 44

11.2 86
1.1 3.9

12.1 112

11.3 8.7
8.2 13.2
8.6 9.1

ns

0.01

ns

0.00
whx

0.008 0.006

85.2"
57.9
70.2
59.6
50.4
62.5
6.1

62.0
62.3
54.1
69.4
48.5
59.2

ns

1.3
ns
-1.3

ns
1.8

66.3
60.8
£9.2
59.7
51.9
61.6
60.6

30.5
456.5
32.2
65.9
33.7
41.5

ns

2.3

E X2

2.2

67.0
61.9
67.2
56.9
47.1
60.7
58.8

68.9
49.3
42.8
67.4
40.6
§4.6

na
0.2

xhk

-7.2

ns
2.4

69.2
59.3
70.2
68.3
46.1
62.9
59.4

67.3
58.5
60.1
64.4
52.0
60.5

ns

1.6

'Significance and autoregresion coetlicient (AR) for season comparisons with respect to fall.

*Significance and standard error (SE) of contrast between plant types by season.
***Pe3.001; **P<(.01; *P<0.05; ns=not significant.

EDQM=effective degradability of organic matter calculated with a 5%/h ruminal turnover

rate.
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Larbi et al., 1997), and have concluded that the species and maturity
interactions are wide making that the conventional classification of

forages may not be a good reflection of the composition and
degradability attributes.

It has been concluded that non-legumes species had a seaseonal
effect on fiber fractions and effective degradability of organic matter.
Opuntia cholla may be as valuable as legumes- during the spring
and summer for providing rumen degradable organic matter. The
lignin content may be the most important constituent limiting the
rumen degradable organic matter in leguminous and nen-
leguminous species studied.
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Factores estructurales
de la pared celular del forraje
que afectan su digestibilidad

Rafael Ramirez Ordunia,® Rogue Gonzalo Ramirez Lozano,** Francisco Lopez Gutiérrez***

os rumiantes han desarrollado la habilidad

de utilizar el material vegetativo de las plan-

tas como su Gnica fuente de nutrientes, por
medio de los microorganismos que alojan en su ru-
men. Aproximadamente del 35 o 80% de la materia
orgdinica (MO) de los tejidos vegetales estd conteni-
do en la pared celular, la cual proporciona rigidez
estructural a la planta. Sin embargo, los rumiantes
gue dependen exclusivamente de las plantas consu-
midas en libre pastoreo obtienen sélo de un 30 o
40% de la energia digestible consumida de la pared
celular del forraje. Se han reportado animales que
consumen oltos niveles de forraje con alia concen-
tracién de pared celular y tienen baijo digestibilidad
¥, por lo tanto, la disponibilidad de energia en su
dieta es limitada.? Dependiendo de la constitucién
de la pared celular, su digestibilidad varia; de 100%
en las células mesdfilas a 0% en el xilema, esto va-
fiacidn ocurre en diferentes tejidos dentro de una parte
de planta y entre tejidos similares en diferentes espe-
cies de forraje.’

Dependiende del tipo de tejido y a medida que
la célula de la planta madura, la pared celular se
ensancha y cominmente produce una pared secun-
doria de composicién distinta con una notable de-
posicién de constituyentes aromdticos, por lo que
ocurren concomitantemente cambios quimicos y ana-
témicos, afectando lo digestibilidad. Sin embargo
los diferencias en estructura pueden ¢ no influir signi-
ficativamente la fasa y grado de digestién del forra-
ie; por ejemplo, los diferencias conformacionales en-
tre la orientacion de los componentes fendlicos rela-
tivas a los polisacdridos con los que se asocian, pue-
den sélo ser importanies si dichos polisacdridas con-
tribuyen, en cantidades significantes, a la composi-
cién total de un fipo particular de tejido susceptible a
lo degradocién. Asimismo, es posible que una mo-

Celiis pulhu (granjenc). .

deradg lignificacién pueda limitar el acceso microbial
a los tejidos y un mayor grado de lignificacién no
tenga ningon efecto @ menos que se disernine a otros
tejidos.*

Generalidades sobre
la pared celular

Descubrimientos recientes han cambiado la nocién
sobre la estruciura rigida y estdtica asignadae o la
pared celular, por la de una extensién virtual del cito-
plasma. Se ha encontrado que las paredes celula-
res, particularmente las primarics, poseen marcado-
res de superficie que predicen patrones de desarro-
llo y marcan posiciones dentro de! vegetal 54 asimis-
mo, contienen componentes de sefialamiento y co-

*Depto. de Zootecnia, Universidod Auténoma de Bojo Colifomia
Sur. AP 676, Lo Paz, BCS. "*Focultod de Ciencias Biologicas,
UANL. AP 142, Suc. F, San Nicolds de los Gorza, N.L., 66451. e-
mail: rogromin@fch.uonl.mx. ***Depio, De Desamollo de Tecnolo-
gia, CICIMAR, A.P. 592, Lo Paz, BCS
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municacién por lo continvidad simpléstice mediante
los plasmodesmos.”

Los paredes celulares también mantienen conti-
nuacién molecular con la membrana plasmética y el
citoesqueleto®y conexiones firmes con la membrana
plasmética, debido a adaptaciones al estrés osméfi-
co.? Sefiales de la pored celular provocadas por la
predacién de insectos inducen la preduccién de
moléculas de defensa,'® formandose capas de pro-
tefnos y ligning, como respuesta a la invasién de
patégenos fungales y virales, -2

Por ofra parte, para que las células alcancen su
torma funcional e individuclidad tienen que elongarse
y diferenciarse. La expansién coordinada y lo dife-
renciacién de las células individuales se logran por
alteraciones sutiles de la estructura quimica de los
componentes de la pared y las determinantes mecé-
nicas de la forma de la célyla, 34

Asi, se puede aprecior que la pared celular pri-
maria es una matriz extracelular quimicomente diné-
mica, con un mosoico de respuestas y liena de diver-
sas formas y funciones. Existen grupos de trabajo a
escala mundial que estudian lo pared celular desde
varios dngulos: sus propiedades fisicas y quimicas,
su participacién en la resistencio a enfermedades, en
el reconocimiento celular, como fuente de
oligosacdridos con actividad biclégica, y su digesti-

bilidad.
Fibra detergente y fibra dietaria

El sistema de andlisis que uso detergentes fue origi-
nalmente desarrellado para resolver el problema
analitico relativo a la dieta de rumiantes, especifica-
mente de forrajes. El objetivo del andiisis es fraccio-
nar el alimento en entidades quimicas de acverdo a
su disponibilidad nutritiva*s, La fibra es un preducie
analitico con caracteristicas nuiricionales que descri-
be o aquellos componentes del forraje de baja
solubilidad en un sistema de solventes especificos
(detergente dcido y neutro) y son relativamente me-
nos digestibles que el almidén. Este sislema recono-
ce que las osociaciones fisicoguimicas de los
macropolimeros constituyentes son mds importantes
en determinar su disponibilidad gue la compoesicién
quimica infrinseca. Basdndose en esto, Yan Soest'®
sefiala que este sistema reconoce dos fracciones: La
primera fraccién (soluble en detergente neutro) co-
rresponde al contenido celulor, compuesta por car-
bohidratos no estructurales, lipidos, la mayor pare

de las proteings y fibra soluble {también llamada
polisacaridos no-almidén), esta Gima corresponde
a las pectinas y b-glucanos, los cuales son solubles
pero resistentes a las enzimas de mamiferos, son com-
ponentes de la pared celular que no tienen enlaces
covalentes con la ligning y estén completamente dis-
ponibles o la fermentacién en el rumen,

La segunda fraccion {insoluble en detergente neu-
tro) corresponde a la pared celular insoluble, cuya
disponibilidad estd controlada por las caracteristicas
estructurales que ligan a la celulosa, hemicelulosos v
lignina. Como pasos pasteriores, las hemicelulosas
son disueltas en detergente dcido, y lo freccion inso-
luble (fibra detergente 4cido), representada por
lignina y celulosa principalmente, puede ser tratada
con permanganato de potasio o dcido sulfrico, para
separar la celulosa de la lignina. En el compo de la
sutricién humana y de animales no rumiantes, se han
desarrollodo otros métodos gravimétricos pare el
aislamiento de todas las fraccicnes resistentes a los
enzimas de mamfferos, incluyende la llamada fibra
soluble, dentro de estos el méiodo de Prosky'¢ ha
sido reconocido por la AOACY como un procedi-
miento vélido para la determinacién de fibra dietaria
total.

Aparentemente ne existen sisternas quimico-ana-
liticos que separen a los carbohidratos estructurales
en fracciones digestibles e indigestibles. Dicha sepa-
racién es mas obtenida por el uso de bacerias
ruminales, poer métodos enziméticos o por pruebas
de digestibilidad in vivo e in situ.'8

Estructura y digestibilidad
de la pared celular

La estructura y funcidn de la pared celular esté con-
iroloda por la composicién y organizacién de los
componentes individuales. La pared celular estt com-
puesta principalmente de azdcares dispuestos en
polisacéridos de composicién y estructura variable,
acido hidroxicindmico, ligning, proteing, iones y
agua.' 2

Los estudios sobre la composicién de la pared
celular y digestibilidod generalmente ufilizan fejidos
de plantas, que son una mezcla homogénea de ti-
pos celulares. Las paredes de diferentes tipos celulo-
res varion mucho en sus caracteristicas de digestion,
por lo que dichos estudios son dificiles de interpretar
a escala molecular, debido a la mezcla de caracte-
risticas quimicas y de digestion de los muchos fipos
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Acodio greggi (uiia de gaic).

celulares. 22

La caracterizacién estructural de lo pared de fipos
celulares individuales es critica para la determina-
cidn de la relacién de los componentes de lo pared
y lo digestibilidod; sin embargo, existen pocos estu-
dios cuantitofivos sobre la composicién de los dife-
rentes tipos celulares, debido a las dificutades en la
separacion de los tipos especificos de células en los
tejidos de los plantas.®

Estudios con fipos celulares de Lolium perenne y
L. mutiifforum reportan que el contenido de xiloso
fue moyor en la pared celular de célules fibrosas que
en las meséfilas, reflejando un mayor contenido de
hemicelulosa en las células fibrosas, la concentra-
cién de dcidos fenélicos eterificados y grupos acetilo
también fueron considerablemente mayores en las
célulos fibrosas®, Las célulos messfilas fueron de-
gradadas mds répido que las fibrosas, no encon-
tréndose evidencias de una degradacién preferen-
ciol de algon polisacdrido componente de la pared
celular durante lo fermentacién, dado que los mo-
nosacdridos constituyentes desaparecieron a una tasa
similar o la desaparicién de la  materia seca (MS).
Los autores concluyen que el grado de lignificocion y
la formacién de complejos lignina-carbchidratos son
los factores gque controlan la degradacién de I pa-
red. Este y otro trabajo con paja de cebada indican
gue todos los polisacéridos dentro de la matriz de lo
pared celular son igualmente afectados por la ligni-
ficacién.®

En otros estudios, la taso de degradacién de la
celulosa no cambié cuando la pared celular fue
delignificada; sin embargo, la reduccién en el tama-
fio de particula {lo cual incrementa el érea superfi-

cial) dwvo un efecto positivo sobre la degradocion de
la celulosa. La delignificacién incrementé la tosa de
degradacion de polisacéaridos no celulésicos en un
grado mayor que la reduccién del tamaiio de parti-
cula, por lo que los autores consideran que las ca-
racteristicas estructurales limitan la degradacién de
la celulosa mds que la lignina, pero que la ligning
tiene un efecto mdés profundo sobre los polisacéridos
no celuldsicos dentro de la matriz de la pared celu-
lar.24

El grado de digestién diferencial de los monosa-
céridos se ha interpretado como indicador de la re-
mocion selectiva de la celulosa y hemicelulosas con
olto grado de sustitucion. Sin embargo, las diferen-
cias observadas en la digestibilidod de monosacéri-
dos pueden ser explicadas por diferencias en com-
posicién entre lo pared primaria y la pared secunda-
ria lignificada. En trabajos con Brassica olerocea y
alfolia, la traccién de hemicelulosa solubilizada por
KOH 4 M no fue tan facilmente degradada como
ofros polisacaridos, mientras que la delignificacion
parciol de célulos del xilema resultaron en un incre-
mento en la degradacién. En estos trabajos, emplean-
do diferentes tipos de tejidos se ha observado una
resistencia selectiva de fracciones de carbohidratos,
principalmente xilanos. Aungue estd cloro que la lig-
nificocién tiene el principal impocto sobre la degra-
dacién de lo pared celular, su efecto puede no ser
uniforme como en los pastos. Se puede interpretar
que lo anterior es un reflejo de la degrodacién dife-
rencial de tipos celulares y que la baja degradacién
de lo xilosa indica que algunas paredes no contie-
nen xilanocs y son degradodas més 1acilmente, mien-
fras que otras contienen grandes canfidades y son de
lenta degradacién, pere algunos xilanos son més
faciimente degradados de algunas paredes celula-
res que de otras.®

La lignificacién de la pared celular de los plantas
ha sido correlacionada con una reduccién en la de-
grodobilidod de la M5% y ia concentracién in vitro
de 4cidos grasos volétiles? del forraje de arbustos
que crecen en México, similarmente el contenido de
lignina también ha sido relacionado a una boja di-
gestibilidad ir vitro® e in situ® de la MS y concenira-
¢ién in vitro de dcidos grosos voléfiles™ en hojas de
arbustos de México {tobla 1). Lo anterior puede ser
debido a una baoja digestibilidad de los polisoca-
ridos estruciurales, aunque los mecanismos respon-
sables no han sido establecidos®, hay una creciente
especulacidn de que la utilizacién de la pared celu-

i
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Tabla |, Medias enuales de los componentes de la pared celular, degradabilidad son poco pr?bt::tbles de
efectiva de lo materio seca (%) y concentracién in vilro de dcidos grasos voldtiles afectar cuantitativamente
(AGY, mM) en orbustivas de México. la degradacién de la pa-
red celular en el rumen en
Especie CP;:Lr:d Celulosa Hemilignina Taninos DEMS AGV un grado significante, y
or que el impedimenio
Heliefa porviolia® 190 140 10 40 02 762 69.0 | estérico parece ser el me-
Celis Palida® 23.0 N0 60 45 01 764 470| canismo principal que li-
Bemardia myricaefolia® 29.0 i8.0 40 6464 04 630 550 mita la degradacién de la
ol AN § ]
esgipinia mexicand® J R . o . . R Ot _
Epserhordtiopobsiochyes 340 110 150 84 02 &1 50| . . dfmfgfj"i“ ‘l’l' f::z
Gimnospermo glutinosums  25.0 1.0 40 104 44 635 270/ * i e la figmna,
Diospyros fexana® 330 1586 70 107 21 562 390 | 9uelimitoladegradocion
Parkinsonia aculeate® 49.0 230 150 11.1 004 474 350 | de lo pared celular es la
Pithecellobium ebanc® 50.0° 12.0 19.0 195 07 387 240 cuticule que contiene ceras
Cyriocarpa edulis® 340 13.0 920 100 62 455 652 y polimeros cerosos, su
Acacia peninsuloris® 37.0 16.0 90 120 57 491 495 fecio sobre lo d da-
Prosopis spb 340 M0 100 120 5 595 699 | oo SO 0 SeeiE
Cercidium floridum® 270 140 70. 60 64 400 723 | pa b icular 18
Mimaosa xonfii 340 220 40 70 54 458 417 | Olomembranacuficuiar.
Turnera difusa® 40.0 17.0 BO 120 59 498 558 La cuting, ceras y suberina
Bursera microphylat 32.0 16.0 30 130 29 554 585 pueden influir o digestién,
Opuntia cholla® 410 120 200 80 03 630 76.9 la cutina y las ceras estén
Pithecellobium confine® 400 180 70 140 57 400 581 | qgdheridas a la pared de
Lippia palmeri® 43.0 13.0 80 210 03 581 4615 la epidermis sobre la su-
° Tomodo de Ramirez et ol. (28} y Ramirez et ol. {29), *Tomado de Ruml'rez.-Orduﬁu et al. (26 27}; perficie de la planta. La
.DEMS= degrodabilided efectiva de la materic seca a una toso de recombie ruminal de 2%/horo cuting estd frecuentemente

lar del forraje como fuente de energfa estd regula-
da por la naturaleza de enlaces cruzados de los com-
ponentes de lo pared. ¥

La cantidad de lignina puede ser el factor clave
que limite la degradacién de la pared celular; sin
embargo la organizacién de la matriz de la pared,
en lo cual se encuentra la lignina, puede regular el
grado de su influencia sobre la degradacién de los
polisacéridos de la pared.®

Se han propuesto ires posibles mecanismos me-
diante los cuales la lignificacién puede limitar la
fermentacién microbial o hidrélisis enzimdtica de
los polisacéridos de la pared celular: 1) un efecto
taxico de la lignina sobre los microorganismos del
rumen; 2) impedimento estérico causado porlos en-
loces lignino-polisacaridos que limita el acceso de
enzimas a carbohidratos especificos y 3) un medio
ambiente hidrofébico creado por la lignino que im-
pide la accién de enzimas, las cuales requieren un
medio acuoso.?!

Jung y Deetz®’ hacen una revisién de estos meca-
nismos y concluyen que ka hidrofobicidad y la toxici-
dad de ia lignina son mecanismos de inhibicién que

esterificada con acidos fe-
nélicos y en asociacién no covalente con la pectina
de la pared celular epidermal. Estos compuestos for-
man vna barrera disfuncional que impide la digesti-
bilidad del tejido intacto.* '® La subering, a diferen-
¢ia de la cutino, s una porte integral de lo pared
celular y puede estar esterificada con monémeros,
oligomeros fenélicos y lignina.*

La silice tiene efecto negativo sobre la digestibili-
dad de los pastos, cavsande un decremento de un
3% en la digestibilidad in vitre de la MS por unidad
de incremenio de silice, principalmente por
decremento en la digestién de los polisacéridos de
la pared celular.® El contenido de silice se ha en-
contrado que esid asociado con una bajo digestibi-
lidad de la fibra e interactja con la lignina.®

La presencia de toninos en la fibra defergente
neutro (FDN) y fibra detergente aeido (FDA) indica
gue [os taninos estén fuertemente ligados a la fibra. '
La fibra ligada o taninos puede resistir su degrada-
¢ién por los microorganismos ruminales y también
los taninos libres pueden inactivar los microorganis-
mos y sus enzimas. Consecuentemente la fermenta-
cién pudiera ser inhibida en el rumen. Bae et ol *

CIENCIA UANL / VOLV, No. 2, ABRIL- JUNIO 2002

183



FACTORES ESTRUCTURALES DE L PARED CFLULAR DEL FORRAJE QUE AFECTAN SU DIGESTIRILDAD

estudiaron el efecio de los taninos condensados pro-
venientes de L. comiculatus sobre la bacteria ruminal
Fibrobacter succinagens 585. Elios observaron que
los efectos inhibitorios de los taninos condensados
sobre lo digestién de la celulosa pudieron deberse
no sélo o la inactivacién de enzimas extracelulares,
sino que fambién pudiera estar involucrado una in-
terferencia en la adhesién de la bacteria sobre ia
celulosa. La inhibicién de la digestion de la celulosa
pudiera producir una reduccién en la produccién de
energia metabolizable en el rumen. Por lo tanto, se
daria una inhibicién en lo produccién de éGcidos
grasos voldtiles, en un sistema ruminal in vitro, cau-
sada por la presencia de tanines condensados puri-
ficados de L. corniculatus.® La disponibilidad de la
protefna microbial rica en amincdcides esenciales
puede ser limitada debido a los efectos bacteriost4-
ticos y bactericidas de los toninos en el umen, ¥

En las tablas 2 y 3 se muestran la relacién entre
los componentes de fibra y la degradabilidad etec-
fiva de la pared celular (DEPC) y digestibilidad in

vivo de la pared celular (DIVPC) de algunas arbusti-
vas forrajeras que crecen en Mésxico y, como com-
ponentes de dietas pora rumiantes. En general, estas
plantas y las dietas contienen bajos porcentajes de
pared celular, pero alto contenido de lignina y tani-
nos condensados en comparacién con otres grupos
de plantas como serian los pastos. Aparentemente,
cuande el contenido, ya sea de lignina o de taninos
condensados es elevado, la DEPC o DIVPC son
bajos, independientemente del contenido de pored
celular en &l forraje ¢ en la dieto.

La identificacién de factores estructurales especi-
ficos, limitantes de lo degradacion es compleja y la
importancia relativa de cada uno de ellos puede
variar con la madurez del forraje; sin embargo, esta
informacion puede contribuir en gran medido a in-
crementor la utilizacién de la energia contenida en la
pared celular del forraje. Esto puede sentar las ba-
ses para programas de mejoramiento genético o de
manipulacién biotecnolégica, dirigidos o eficientar
lo utilizacidn de recursos forrajeros tante domestica-

Tabla ll. Relocion entre los constituyentes de la pared celular y la degradabilidad efectivo de lo pored celular de arbustos
que crecen en México, colectadas durante la primavera de 1993y 1999 b
" Pared celular Celulosa  Hemicelulosa lignina  Taninos DEPC
Flantas arbustivas % % % % % %
Acacio rigidula® 52.3 17.9 17.2 17.2 15.2 13.4
Cercidium macrum® 248 4.9 10.2 9.7 39 48.2
Acacia famesiono® 37.7 2.0 14.0 14.3 1.8 30.7
Porlieria angustifolio® 38.7 14.4 10.8 13.6 0.5 329
Celtis pallide® 337 108 19.4 3.5 0.3 74.3
Acacia berlandieri® 36.6 10.8 9.6 16.2 13.2 10.8
Leucuena leucocephala® 324 38.7 15.6 8.3 7.5 53.7
Leucophyllum texanume® 44.5 11.2 22.3 22.3 04 33.4
Desmanthus virgothus® 259 6.1 9.1 10.8 8.9 47.0
Acacia greggii® 419 21.5 10.5 10.0 34 345
Cordia baissieri® 359 205 2.5 5.9 0.3 38.2
Condalia obovata® 292 6.4 12.0 10.8 0.9 54.5
Ziziphus obtusifolio® 26.0 6.0 8.2 1.1 13.7 391
Prosopis glondulosa® 47.3 19.4 1.7 16.1 0.2 261
Opuntia lindehimieri® 47.1 12.8 322 2.2 02 678
Acacia wrighti® 41.8 19.5 2.5 12.8 0.2 43.2
Bumelia celasting® 357 13.9 2.3 19.4 0.0 35.0
Cosfelo texana® 457 21 13.7 220 35 542
Forestiera angustifolio® 50.9 9.9 27.7 13.9 0.0 46.3
Karwinskic humboldtiona® 39.8 8.4 14.4 16.9 1.2 61.3
Larrea fridentota® 26.7 89 3.2 12.6 0.9 357
Schoefferia cuneifolia® 47.6 2.3 188 18.9 00 48.6
Zathoxylum fagara® 40,1 11.1 184 2.8 0.0 40.7
*Cbtenido de Ramirez et al. (37); tobtenide de Moya-Rodriguez et ol.(38); DEPC = degradobilidad efectiva de la pored celular
eslimada o una fasa de recambio ruminal def 2%/hora,
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Tabla ll. Relacidn enire los constituyentes de la pared celulary la degradabilidad efectiva de la pared celular de arbustos
que crecen en México, colectadas durante la primavera de 1993y 1999
. Pared celular Celuloso  Hemicelulosa Lgnina  Tanminos DEPC
Plantas arbustivas o % % % % %
Acacia rigidulo® 52.3 17.9 17.2 17.2 15.2 13.4
Cercidium macrum® 248 49 102 97 3.9 48.2
Acacia fomesionc® 37.7 9.0 140 14.3 1.8 30.7
Porlieria ongusfifolio® 38.7 14.4 10.8 13.6 05 32.9
Celtis pollidar 33.7 10.8 19.4 35 0.3 743
Acacia berlondieri® 36.6 10.8 2.6 162 13.2 10.8
levcoeno leucocephale® 324 38.7 15.6 8.3 7.5 53.7
Leucophyllum texanum® 44.5 1.2 22.3 223 0.4 33.4
Desmanthus virgaihys® 259 6.1 9.1 10.8 8.9 47.0
Acocia greggii® 41.9 215 105 10.0 34 34.5
Cordia boissieri® 359 20.5 2.5 59 03 38.2
Condalia obovatae® 29.2 6.4 12.0 10.8 09 54.5
Ziziphus oblusifolia® 260 60 8.9 14 13.7 3%.1
Prosopis glondulosa® 47.1 19.4 1.z 16.1 0.2 2461
Opuntia lindehimigr® 471 12.8 322 22 0.2 67.8
Acacic wrighti® - 418 19.5 9.5 12.8 0.2 432
Bumelia celasting® 357 13.9 23 19.4 0.0 34.0
Costela fexana® 457 2.1 13.7 22.0 35 54.2
Forestiera angustifolic® 50.9 9.9 277 13.0 0.0 66.3
Karwinskia humboldtiana® 39.8 84 14.4 14.9 1.2 61.3
Larreo fridentata® 24.7 89 3.2 12,6 0.9 357
Schaefferio cuneifolic® 47.6 9.3 18.8 18.9 0.0 48.6
Zathoxylum fagarg® 40.3 1.1 18.4 2.8 Q.0 40.7
“Obtenide de Ramirez et ol. (37); Poblenido de Moya-Rodriguez ei 0l.{(38); DEPC = degredabilided efectiva de la pored celular
estimada o una taso de recambio ruminal del 2%/hora.

dos como silvestres nafivos.

Resumen

Lo naturaleza de enlaces cruzados de los compo-
nentes de lo pared celular y la contidad de lignina y
faninos condensados pueden ser los factores clave
que limiten su degradacién; sin embargo, la orga-
nizocién de la matriz puede regular el grodo de in-
fluencia de la lignina sobre la degrodacién de los
polisacéridos de lo pared. Su efecto parece no ser
igual en arbusios y pastos. El impedimento estérico
parece ser el mecanismo principal que limita la
degradacién. Esto parece aplicorse a arbustos nati-
vos de zonas éridas, la identificaciéon de factores
limitantes especfticos, como la lignina y los toninos,
pueden contribuir a incrementar la utilizacién de la
energia de la pared celular del forraje.

Palabras clave: Pared celular, Fibra, Estructura, Di-
gestibilidad, Rumiantes.

Abstract

The cross-linked nature of the wall components, the
amount of lignin and condensed tannins may be the
key limitation to the cell-wall degradation; however,
the organisation of the wall matrix would regulate the
extent of lignin influence on degradation of the wall
polysaccharides. This effect would not appear to be
similar in legumes as in grasses. The steric hindrance
would appear to be the major mechanismlimiting
forage cell wall degradation. This seems to apply to
native shrubs from arid zones; the idenfification of .
specific limiting-factors such as lignin and tannins may
contribute to enhancing the utilisation of forage cell
wall energy.

Keywords: Cell wall, Fiber, Struciure, Digestibility,
Ruminanis.
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Tabla lll. Relacién entre los componentes de la pared celular (% de lo materia seca) de dietas de rumiantes conteniendo
arbustivas nativas mezcladas con pajas de bojo volor nutritivo y la digestibilidad in vivo (%) de la pared celular
Estudio y Relacidn de ingredientes en la dieta Pared Celulose | Hemi- |Lignina | Taninos| DIVPC
especie animal celulor celulosa
Ramirez et o, -49.2% M. satia + 50.8% pajo de zacale estrella 56.8 24.5 07 8.5 0.0 523
(39) + 5% melazas + 0.5% premezcle mineral
Borregos -36.2% Celtis pollido + 63.8% poja de zacole | 54.9 18.5 229 23 LYo 48.3
Pelibuey x estrella + 5% melozas + 0.5% premezda mineral
Rambouillet -43.9 Ziziphus obtusifolio + 56.1% pajo de 2acote 534 206 18.7 12.3 6.6° 367
estrella + 5% melazas + 0.5% premezclo mineral
Rodriguez- -49.2% M. safiva 1+ 50.8% pajo de zacate estrella | 55.3 28.7 17.3 8.0 0.0 54.5
Sontilldn (40) | + 5% melozos + 0.5% premezcla mineral
Bomegos -32.8% Pithecellobium pollens + 67.2% paja de | 53.3 248 20.7 58 0.0 455
Pelibuey x zacate estrello + 5% melozos + 0.5% premezcla
Rombouillet mineral 58.6 274 228 70 1.4 49.8
-62.4% Purkinsoniv oculeata + 37.6% poia de
zacate estrella + 5% melazos + 0.5% premezcla
minerch
Moreno- -23% M. saliva + 77% paja de zocote bermuda + | 425 289 18.4 55 0.0 409
Villanueva [41) | 5% de melozos + 0.5% premezcla mineral
Bormregos -26.3% Acacia greggii + 70.7% paja de zacate | 59.1 277 204 7.6 o0 40.6
Pelibvey x bermuda + 5% de melazas + 0.5% premezcla min-
Rombouillet eral 66.4 30,0 163 6.5 0.0¢ 38.6
-14.3 % Prosopis glondulosa + 76.3% paja de
zacate bermuda + 5% de melazas + 0.5% premezcla
mineral
Ramirez y
Ledezma-Torras
(42) -23 % Medicago sotiva + 77% pajo de frijol 523 13.4 0.2 55.7
Cabras -25 % Acacig rigidvla + 75% pajo de frijol 50.1 8.1 18.0 485
Espafiolas -20% Acacia fomesiona + 80% paja de Hijol 50.1 1.4 1.8 437
-41.4% M. sative + 53.1 rostrojo de mafz + 5%
Gargiu-Caostillo | melozas + 0.5% premezda minerol 502 245 19.9 48 0.2 55.7
et al. [43) -30.6% Leucaeno leucocephalo + 63.9% rostrojo
Botregos de mafz + 5% melazos + 0.5% premezclo mineral | 55.5 248 25.0 4,1 1.9 462
Pelibuey x -37.7% Acacia berlandieri + 56.8% rastrojo de moiz
Rambouillet + 5% melozas + 0.5% premezcla mineral 59.5 26.3 272 5.0 4.5 KR
-26% M. saiiva + 74% pajo de buffel + 400 g.dia | 480 30.2 3.5 0.2 475
Ramirez y lara | grono de sorgo y melazas
(44) ~30% A. rigidula + 70 paja de buffel + 400 gdio | 67.1 28.6 57 148 | 29.0
Bomegos grano de sorgo ¥y melazas
Pelibuey x -16% Cercidium mocrum + 84% pojo de buffel + |  47.9 25.8 3.0 4.0 45.9
Rambouvillet 400 g.dia grano sorgo y melazas
-21% A formesiana + 79% pojo de buflel + 400 | 645 26.7 4.1 1.8 465
g.dia grano sorgo y melazos
Romirez {(45) | -23 % M. sativa + 77% paia de friol 57.3 163 | 39 | 02 | ss9
Caobras -22% Celiis pallida + 78% pajo de frijo! 526 138 39 0.3 480
Espanolas -18% Leucophyllum texanum + 18% Porlieria
angustifolia + 64% pojo de frijol 51.1 12.8 40 0.4 45.2
Romirez et ol. | -23% M. Sofivo + 77% paja de frijol 58.3 14.5 38 0.02 49.1
(46} -13% C. mocrum + 87% paje de fijol 59.5 21,2 6.5 39 489
Cabras -100% pajo de frijol &0.6 41.9 14.5 49 0.7 36.2
Espanolas

DIWPC = digestibilidad in vivo de lo pored celular
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. rumen of steers (b, % ) was also significantly different among plants. Lippia palmeri result

. soluble matter, insoluble but potentially degradable matter and rate of dry matter degra

‘:‘ by

Kinetics of dry matter digestion in leaves of native shrubs from the Sonoran dese,
Mézxico g

R_Ramirez-Qrdufia, R.G. Ramirez, J.M. Ramirez-Orduiia, J.M. Avila-Sandoval?
R.Cepeda-Palacios and J. A. Armenta-Quintana

Departamento de Zootecnia, Universidad Autonoma de Baja California Sur. P.O. Box 6‘1
Z.C.23080, La Paz, Baja California Sur, México.

Introduction

Quantitative expressions of the kinetics of digestion and passage are needed to
precisely estimnate the quantity and composition of nutrients digested from forages,
subsequent efficiency of utilization by the animal Furthermore, the measurement of imm

using nylon bags are good predictors of intake in ruminants (Forbes, 1995). The objectives
study were to estimate and compare the extent and rate of dry matter digestion from leaves
native shrubs from the arid region of Baja California Sur, México.

Materials and Methods

Branches form the legumes dcacia peninsularis (Britt. L. Rose) Standley, Cercig
Soridium (Benth) Pithecellobium confine (Standley), Prosopis sp. {Tort) and Bursera micro D
Gray (Burseraceae), Turnera difusa Willd (Turneraceae), Cyrrocarpa edulis (Brand) §f
(Anacordiaceae), Mimosa xantii, Gray (Mimosaceae), Lippia palmeri, S. Wats (Verbenaceae) §
Opuntia cholla, Weber (Cactaceae) were collected form 16 linear transects of 30 m,
randemly. Collections were carried out in the four seasons of 1993; Winter (February 23), Sp
(May 23), Summer (August 23) and Fall (November 23) In each season, branches were bulked
one sample of each species and were allowed to dry under shed. Leaves form branches v
removed manually and ground in a Wiley mill (2-mm screen). In this study the alfaifa’h3
(Medicage sativa) Wwas included as a reference plant. In each season, duplicate samples were
to estimate the rate (kd, %/h ) and extent of DM loss from nylon bags (30 um pore size) usitt
four ruminally cannulated steers (250 + 5.3 kg body weight). During the trial steer were {8
alfalfa hay (16% CP). Plant material (4 g) was placed in nylon bags and suspended in the rum
of steers for 1, 2, 3, 4, 8, 12, 24, 48, 72 and 100 hours (h}. Zero-time disappearance (a fractio
%) was determined from unincubated bags. The DM digestion characteristics of plants
calculated (@rskov and McDonald, 1979) using the equation: p= a+&(I-e™* ) and effecti
degradability of DM (EDDM) was calculated assuming a rumen outflow rate (k) of 5%/h usin
the equation: EDDM=a+b « kd’ (kd+k) »¢ ™% T Annual means were statistically analyzed
one-way analysis of variance. Simple linear correlation analysis was performed between chemic:
analysis and rate of digestion and EDDM of plants (Steel and Torrie, 1980),

Results and Discussion
Annual mean of fraction a was significantly different among piants (Table 1). Prosopis sp;
had the highest value, but L. palmeri was lowest, Annual mean of fraction slowly degraded in

with the highest percentage, but P. confine was lowest. Annual mean of fraction of DM

potentially degraded in the rumen (a+b, %) of steers was highest in C. floridum, however, P.:
confine was lowest. Significantly differences were detected ir a+b percentage (Table 1). The
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ggaificanily different among plants. All shrubs species had lower rate of DM digestion than
Eeiva. Among shrubs, L. palmeri was higest and A. peninsularis was lowest. With exception

cholla, all shrubs species had lower EDDM than M. sativa . Medicago sativa resulted with
caet 13g time (h). On the other hand, M. xantii had the highest lag time (Table 1).

pe lignin content was negatively correlated with kd (r =-.43, P<.001) and EDDM (1 =-.47,
"',u 1) Similarly the tannin content was negatively correlated with kd {r =-.39, P<.001) and
RoM  (r=-.52, P<001). It is concluded that lignin and condensed tannins in the evaluated
b may limit the dry matter extent and rate of degradation.

Table 1, Annual mean of nonlinear parameters of digestibility and effective
degradability of dry matter in shrub leaves and alfalfa hay.

a b a+b kd EDDM Lag time
Plants’ B o) (R (M) (%) (h)

Medicago sativa 366 369 735 148 631 0.7
Acacia peninsularis 323 378 702 41 491 22
Bursera microphyla 335 328 663 9.9 554 1.2
Cercidium floridum 339 462 802 6.9 600 1.4

Cyrtocarpa edulis 320 330 651 12 455 1.8
Lippia palmeri 197 312 709 124 361 1.7
Mimosa xantii 342 332 674 27 458 3.3
Cpuntia cholla 398 340 739 102 630 2.3
Pithecellobium confine 305 228 533 13 400 2.5
Prosopis sp 403 286 69.0 96 395 1.5
- Turnera difusa 216 410 627 11.0 498 1.5
Mean - 323 360 683 82 334 1.9
Standard error 16 27 26 1.4 19 04
Slgnjﬁcance L 2] F¥k dekEk Ak L L e

o = Fraction of dry matter (DM) lost during wash; b = fraction of DM slowly
degraded in the rumen; a+5 =fraction of DM potentially degraded in the ramen,
kd = fractional rate of degradation of the DM; EDDM = effective degradability
of DM calculated for 5%/h passage rate; ***(P<0.001).
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In vitro volatile fatty acids concentration in leaves of native shrubs from the Sono_i- ir
. of Meéxico

R Ramirez-Ordusiz , R.G. Ramirez, .M. Ramirez-Orduiia, ] M. Avila-Sandoval

R.Cepeda-Palacios , 1.V. Sarabia-Soto and R. Contreras-Lopez 1 leaves from most

' 1l than M. sativa.

Departamento de Zootecnia, Universidad Autonoma de Baja California Sur. P.O. Box :
Z.C.23080, La Paz, Baja Catifornia Sur, México. 1. Annual means
Baifs hay.
Introduction
Fiber digestibility is usually defined as the proportion of ingested fiber not ex
the feces. The process of fiber digestion contains two major events, hydro Plants

polysaccharides and conversion of monosaccharides to volatile fatty acids (VER
fermentation gases, and heat {Tamminga, 1993). The losses of energy in methane and

. . ) Medicago sativg
fermentation can be significant. Measurements of the concentrations and amounts of )

: . Fe: . ncia peninsularis
are an important part of Tuminant nutrition because the VFAs produced as end prody Bursera microphyla
anaerobic microbial metabolism provide the ruminant with a major source of metabo Cercidium floridum
energy- (Van Soest, 1994). This study was conducted to estimate and compare the Cyriocarpa edulis
VFAs production from leaves of ten native planis from a shrubland of Baja Cahfo L}ppl‘a palmeri
Meéxico. . Mimosa xantii

Opuntia cholla

Materials and Methods Pithecellobium conf.

Branches form the legumes Acacia peninsularis (Britt. L. Rose) Standley, Cercid] “Prosopis sp '

Sloridium (Benth) Pithecellobium confine (Standley), Prosopis sp. (Torr) and B
microphyla Gray (Burseraccae), Turnera difusa Willd (Tumneraceae), Cyrtocarpa eds
(Brand) Stand (Anacordiaceas), Mimosa xantii, Gray (Mimosaceae), Lippia palmeri, 8.
(Verbenaceae) and Opuntia cholla, Weber (Cactaceae) were collected form 16 linear trans
of 30 m, located réndomly. Collections were carried out in the four seasons of 1993; Wi
(February 23), Spring (May 23), Summer (August 23) and Fall (November 23} In
season, branches were bulked in one sample of each species and were allowed to dry il
shed. Leaves form branches were removed manuaily and ground in a Wiley mill (2~
screen), [ this study the alfalfa hay (Medicago sativa) was included as a reference plan
each season, duplicate samples were subjected to determine in vitro VFAS concentratl
Batch culture in vitro procedure was used with McDougall’s artificial saliva. The innoculis
was obtained from a mixed ruminal content of four ruminaly cannulated sieers. Steers
fad alfalfa hay (16% CP). The procedure was as described by Ramirez et al. (1997). After

Turnera difusa

Mean
Standard error
* Significance

"Total VFAs= Tota

References i
Goctsch, AL and M
Ramirez, R.G., Hau: .

tncubation tubes were centrifuged, the resulting supernatant fraction was anatyzed for VE, Steel RGC?EEI}ES{} ;
by chromatography {Goetsch and Galyean, 1983). Total concentration (mM) of acetat N EUA ’

propionate and butyrate were calculated by adjusting forage cultures for the total VF! Tammi 15;93 -
concentration from appropriate blank. culture. The significance of plant effects on the ann "gs“ e
means of in vitro VFAs concentrations were determined by one-way analysis of variances Van Smm;f?nf;_fi
Correlation analysis was performed between chemical analysis and concentration of o

VFAs of plants (Steel and Torrie, 1980). ORUSA ¢

Results and Discussions
Anmual means of total VFAs, acetate, propionate and buiirate (mM) were
significantly different (P<0,001) among evaluated plants (Table 1). Annual means of total

526



VFAs was higher in  O. choya than M. sativa, but A. peninsularis was lowest. Cercidium
oridum had comparabl@ total VFAs concentration than M. sativa. The same pattern was
goserved in the annual mean of acetate. Prosopis sp. resulied with higher and O. cholla had
similar propionate concentrations than M. sativa . Acacia peninsularis also resulted with
fowest propionate concentration. In this study, all shrubs had lower butirate concentrations
than AL sativa, It seems that lignin and condensed tannins in leaves of shrubs limited total
VFAs concentration (r=0.34 and r=-0.28, respectively). Ramirez et al. (1997) also reported

- that leaves from most of the 10 shrubs that grow in northeastern México had lower total VFAs

- than M. sativa.

Jox 63
ble |. Annual means (mM) of in vitro volatile fatty acids concentration in shrub leaves and
ifaila hay.
Total Acetic © Propionic - Butiric
Plants VFAs' acid acid acid
fedicago sativa 721 527 130 6.2
Acacia peninsularis 495 37.9 84 3l
¥ Bursera microphyla 58.3 43.4 106 4.3
ouzs Cercidium floridum 72.3 52.8 11.8 43
Ilifomi;._ Cyrtocarpa edulis 652 52.4 9.0 3.8
‘ Lippia palmeri 61.5 47.6 89 . .44
Mimosa xentii 61.7 48.7 99 3.0
Opuntia chollg .76.9 59.0 13.2 51
Pithecellobium confine . 58.1 443 9.5 ’ 39
Prosopis sp 69.9 51.1 15.4 34
Turnera difusa 358 42.1 9.1 37
Mean 63.8 483 10.8 4.1
Standard error 4.6 3.3 0.7 0.7
Signjﬁcance ok k xE ek L2

"Total VFAs= Total volatile fatty acids; ***(P<.001).
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. _Seas onal variation in leaf mineral content of shrubs

from Baja California Sur, Mexico

In many areas of the world, the nutritional status of grazing animals represents one of the
main problems that limit animal production, and the main factors are low protein content
of the forages, low energy intake because of high fiber content, and vitamin and mineral
deficiencies {(Garcia and Montemayor 1987).

To understand the adequate mixtuce of required minerals to satisfy animals’ needs, - '

one must take account the mineral content in forages, water, and 50il (Underwood 1981).
Howewver, Sousa (1978) asserted that mineral analysis of soil is not a precise tool for assess-
ing the mineral nutrition of the animals that graze vegetation growing in the soil, because
the soil mineral profile did not reveal possible animal deficiencizs. Moreover, minerals in

_ water and soil could provide adequate amounts of Co, Zn, Ca, P. and Fe, but P, Mg, Ca, and

Cu could interfere with the absorption of the other mingrals (Garcia and Montemayor 1987).
Minerals in the foliage can be an effective means to predict the possible mineral status of
the grazing animals consuming that foliage, but changes in climate may affect the mineral
composition and availabpility in foliage (McDowell 1997). Our study evaluated and com-
pared seasonal variation in the mineral composition of 10 native shrubs that grow in Baja
California Sur, Mexico. ‘ '

Materials and methods
The study was dong in the ranch Palmar de Abajo (800 ha) located in La Paz Baja Califomia
Sur (23°38°40"N, 110°18°07""W). The climate of the région is arid with annual mean tem-
perature of 22°C and precipitation of 182 mm; the rainy season occurs during the summer
and winter months. Branches from the legumes Acacia perinsularis (Britt. L. Rose) Standley,
Cercidium floridium (Benth.) Pithecellobinm confine (Standlev), and Prasopis sp. (Torr.)
and the non-legumes Bursera microphyia Gray (Burseraceae), Turnera difusa Willd.
(Turneraceae), Cyrtocarpa edulis (Brand) Stand. (Anacordiaceae), Mirmosa xantii, Gray
(Mimosaceae), Lippia palmeri, S, Wats (Verbenaceae), and Opuntia cholla, Weber
(Cactaceae) were cellected form 16 linear transects of 30 m, located randomly. Collections
were made in the four seasons of 1993; winter (Feb, 23), spring (May 23), summer (Aug.
23), and fall (Nov. 23). In each season, branches were bulked in one sample of each species
and were allowed to dry under a shed. Leaves were manually removed from the branches
and-ground in a Wiley mill (2-mm screen). Shrubs evaluated in this study are reported to be
consumed by cattle and goats (Agtindes et al. 1992, Arreaga and Cancing 1992).

Ineach season, tripticate samples of leaves from each shrub were prepared for min-

eral analysis using the wet ashing (HC1-HNO,) procedure of AOAC (1990). Atomic absorp-
ticn spectrophotometry using an air-acetylene flame was used 0 measure mineral concen-

trations of Ca, Mg, Na, X, Ca, Fe, Zn, and Mn. Phosphorous conceniration was measured

hy colorimetry (ACAC 1990). The significance of plant effzcts on mineral composition

Forest, Farm, and Community Tree Research Reports—.—‘fbl. 3(1998)

o SR

RN TR

EEESTTINN

~ was deterr
$82500S W

Results ar
Higher coi
than in otf
that were .
(annual
in the diet
Intt

{0 ineet be
- est level of
Dur

spring and
T. difusa 't
different (1
meet grazi
Dur!

times (Tab
cantly diff
peninsular

o 0.8 g/kg
Durj

(Table 2)."
tions; only
_ requiremer

- “voncentat

levels of 2
about 30 r
insufficien
Y f~Dui
seastns (T
different ar
T. difusa, v
of Cuin th
L. palmeri,
. to meet cat
Al
meet the re
ing spring
exception ¢
CAlL:
grazing bes
Imer, most !
plants had

Conclusio
Mineral co
present in

ments. Na,

Forest, FF ¢




0ez’,
p[o .
flar1a
1e6n,
ricO.

bs .

of the
content
mineral

' needs,
1981).-
assess-
because
erals in
Ca, and
r 1987).
status of
gmineral
md com-
in Baja

Califomia
mean tems-
£ SUITLITET
) Standiey,
sp. (Torr.)
e Willd.
ntii, Gray
lia, Weber

ol. 3 (1998)

composition-

‘.3,

was determined by arialysis of variance using a completely randomized block design. The
seasons were the blocks and plants were the treatments (Statistix 1996).

Results and discussion

Higher coricentrations of P in leaves of shrubs were found in summer and winter seasons

than in other seasons. With the exception of M. xaatii, all shrubs had concentrations of P
that were significantly different arnong seasons {Table 1). Lippia palmeri had the highest
{annual mean) concentration of P, and £, confine had the lowest. Phosphorus requirements
in the diet of grazing beef cattle are from 1.8 to 3.8 g/kg (NRC 1996).

In this study, most shrubs in all seasons had concentrations of Ca in sufficient amounts
to meet beef cattle requirements (1.9 to 7.3 gikg: NRC 1996). Opuntia cholla had the high-
est level of Ca, and M. xantii had the lowest:

During the summer, most shrubs had high levels of Mg (Table 1), but during the
spring and winter seasons, they were low. Opuntia cholla had the highest level of Mg, and
T. difusa had the lowest. Only C. edulis, O. cholla, and Prosopis sp. were significantly
different (P < 0.05) among seasons. [t seems thai all shrubs in all seasons had enough Mg to
meet grazing beef cattle requirements (1.0 g/kg: NRC 1996).

During spring and sammer, most shrubs had higher Na concentrations than at other
times (Table 2). All shrubs, with the exception of B. microphyla and O. cholla, were signifi-
cantly different among seasons in their Na concentration. In all seasons, shrubs such as A.
peninsularis, O. cholla, and Prosopis sp. had Na levels below beef cattle requirements (0.6

to 0.8 g/kg; NRC 1996}
During winter and su_nugwnost_shmbs had higher levels of K than at-other times,

{Table 2). Nf6§i"§_mbs were significantly different among seasons in their K concenlra-:

tions; only M. xantii and T, difusa in the spring had levels of K too low to meet beef cattle

 requirements (6.0 g/kg; NRC 1996). "Dring spring and winter, most piants tiad high Zn

" concentrations, whereas clunng ‘other seasons they were low (Table 2). All the shrubs had -

levels of Zn that were significantly different among seasons. Grazing beef cattle require :
about 30 mg/kg of Zn in their diet (NRC 1996), and in all seasons, all shrubs studied had _

uring winteT arid suifimer, the Shriibis had higher concentrations of Cu than in other
seasons (Table 3). Moreover, most piants had Cu concentrations that were significantly
different among seasons, with the exception of A. peninsularis, C. floridium, C. edulis, and
T. difusa, which were not different (P < 0.035), Grazing beef cattle require around 10 mg/kg
of Cu in their diets to satisfy requirements. [n this study, only plants such as B. microphyla,
L. palmeri, and T. difusa had, during speing, surmmer, and winter, sufficient amounts of Cu
_to meet cattle réquirements (NRC 1996):]

“Z All plants in all seasons had sufficient concentrations of Fe (50 mg/kg; NRC 1996) to
meet Lhe requirements of grazing beef cattle. Most shrubs had high Fe concentrations dur-
ing spring bui low levels during winter and fall (Table 3). Moreover, all shrubs, with the
exception of Prosopis sp., had tevels of Fe that were significantly different among seasons,

CAll shrubs in all seasons had Mn concentrations in their leaves adequate to miget
grazing beef cattle requirements (20 mg/kg; NRC 1996). Moreover, during spring and sum-
mer, most shrubs had high Mn concentrations, but during winter and fall they were low All
plants had Mn levels that were significantly different among seascns (Table 3)

iﬁsfent Zn to meet cattle requirements.;
D

Conclusions

Mineral concentrauons of all the shrubs tested varied seasonally. P, Ca, X, Mg, and Fe were
present in leaves of the shrubs in sufficient amounts (o meet grazing beef cattle require-
ments. Na, Zn, and Cu concentrations were below cattle requirements.

Forest, Farm, and Community Tree Research: Reports—Vol. 3 (1998) 9
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Seasonal variation in nutrient content of shrubs
from Baja California Sur, Mexico

ajeras
lesen
: Baja

1, Chi-

A e e ——
FNPRE PP Y
1 s e b e

S hrubs are an important source of nutrients for ruminants in arid and semiarid regions.
Leguminous plants are important because of their ability to fix nitrogen, and they often
, are well svited as animal feeds (Devendra 1995), Grazing ruminants have developed the
fcattle _ ability to use these plants as the only source of nutrients; however
n, DC, protects the structural carbohydrates of plants from microbial digestion (Van Soest 1994).
: Moreover, cell wall represents 35-80 percent of the organic matter {(Jung and Allen 1995)
| tissue ! and 3040 percent of the digestible energy intake (Galyean and Goetsch 1993),
Torida, ; In the peninsula of Baja California, an arid regicn of Mexico, shrubs are heavily
consumed by livestock, and most of these plants are legumes. This study was conducted tg
compare by season the nutrient profile of 10 native shrubs that grow there.

miver-

:otland.
Materials and methods

The study was done in the ranch Palmar de Abajo (800 ha) located in La Paz, Baja Califor-
nia Sur (23°38'40"N, 110°18°07"W). The climate of the region is arid with annual mean
temperature of 22°C and precipitation of 182 mm; the rainy season occurs during the sum-

- Iner and winter months. Branches from the legumes Acacia peninsulgris (Britt. L. Rose)
Standley, Cercidium floridium (Benth.) Pithecellobium confine (Standley), and Prosopis
8D: (Torr.} and the non-legumes Burserg micropryla Gray (Burseraceae), Turnera difusa
Willd. (Tumeraceae), Cyrtocarpa edulis (Brand) Stand, (Anacordiaceae), Mimosg Xxantii,
Gray (Mimosaceae), Lippia palmeri, S. Wats (Verbenaceae), and Opuntia cholla, Weber
{Cactaceae) were collected from 16 linear transecrs 30 m long at random locations. Coliec-

: tions were made in the four seasons of 1993: winter (Febm gy 23), spring (May 23), sum-
P mer (August 23), and fall (November 23). In each season, branches were bulked in one
sample of each species and dried under a shed. Leaves were manualiy removed from the
! branches and ground in a Wiley mill (2-mm screen). Alfalfa hay (Medicago sativa) was
included as reference plant with high CP content. Shrubs evaluated in this study are re-

ported to be consumed by cattle and goats (Agundeset al. 1992, Armreaga and Cancino 1992)
In each season, duplicate samples were anaiyzed to determine dry matter (DM), ash, erude
protein (CP), lignin (AOAC 1990), neutral de tergent fiber (NDF), acid detergent fiber (ADF,
Goering and Van Seest 1970 modified by Van Soest et al. 1991), and condensed tannins
(Burns 1971 modified by Price et al. 1978). The significance of plant effects on nutrient
composition was determined by analysis of variance using a completely randomized block

- B

design. The seasons were the blocks and plants were the treatments {Statistix 1996).

et ARt

- Results and discussion

Table 1 shows the ranges and annual means of organic matter (OM), CP, and ash. The OM
Percentage in most plants was significantly different among seasons, except for L. palmert,
F. confine, and Prosepis Sp. With exception of Q. c/oila, all shrubs had higher OM (annual

1. 3(1998) Forest, Farm, and Community Tree Research Reports—Vol. 3 (1998) 13
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mean) than M. sativa. CP content was higher in winter and lower in spring for most plaats.
With the exception of P. confine, the shrubs were significantly different in CP content among
seasons. Only 2. confine and Prosopis sp. had higher CP (annual mean) than M. sativa. It
has been reported that in general the CP in browse species is high and varies from 11.1 to
41.7 (Ramirez, 1996). In our study, however, O. cholia, B. microphyla, L. palmeri, and T.
difusa had very low CP values in all seasons of the year. :

Cell wall, ADF ({igno-cellulose), and cellulose contents are shown in Table 2. During
spring and winter, most shrubs had higher cell wall percentage than in other seasons. With
the exception of C. foridium, . confine, and Prosopis sp., all shrubs were significantly
different among seasons. On {he other hand, ADF values were higher during the fall and

spring. All shrubs had significantly different ADF values among seasons. The cellulose
content was significantly different among seasons oniy in A. peninsularis, B. microphyla,
C. floridium, C. edulis, and P. confine. All the shrubs had higher cellulose content (apnual

mean) than M. sativa. : :
Only O. chollahad higher hemicellulose values (annual mean) than M. sativa. Most
and most had hemicellulose

shrubs had higher hemicetlulose content in winter (Table 3),
percentages that wers significantly different among seasons. In general, annual mean per-
centages of hemicellulose Were lower than celluiose. This finding also was reported by

Norton and Poppi (1995). In spring and fall, most shrubs had higher levels of lignin than in
other seasons. All shrubs excepl B. microphyla were significantly different amonsg seasonin
their lignin contents (Table 3). Lignin was high is most shrubs compared to M. sativa. It has
been reported that, in general, browse plants have lower lignin than grasses (Norton and

Poppi 1993). It also has veen reported that high levels of lignin negatively affect the raie
and extent of dry matter digestio ortheastern Mexico. (Ramirez et al.

n in shrubs from m
1998). Most plants had higher condensed tannins during fall and winter than in other sea-
sons (Table 3). All shrubs hadh

igher levels of condensed tannins than M. saiva.

Conclusions

All of the nutritional factors analyze se shrubs varied seasonally. Higher

d in the leaves of the
nrubs had high levels of

found in winter. Most of the s

values of CP and hernicellulose were _
lignin, and in L. palmeri, P. confine, and B. microphyia, lignin was about 40 percent of the
cell wall content. :
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