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Abstract

The objective of this work was to study the effestshoth Klason lignin (KL) and acid detergent
lignin (ADL) oninvitro neutral detergent fibre (NDF) digestion (IVNDFd)an effort to assess if acid labile
phenolic compounds affect the rate of degradatigh Eighty five forages (lucerne, maize silages and
grasses) were analyzed for NDF, ADL, KL and IVND(ed 12, 24, 30, 36, 48, and 96 h fermentations were
used for k estimations). Correlations were estimated amaygritypes (KLvs. ADL), lignin and extent of
IVNDFd, and lignin type and NDF4kand tested for significance. Within and amongf@lage types, the
correlation between ADL and KL was in general pesitvhen on NDF basis and high and positive when on
DM basis (0.77 to 0.90). Within and among all fasgonly ADL was consistently negatively correlated
with IVNDFd at all time points (-0.54 to -0.94). @elations among forages for NDg &nd lignin type were
not consistent. Among all forages, KL was negayivrrelated with IVNDFd and NDF;kThe correlation
between IVNDFd and ADL increased as fermentatiowtle increased among all forages. However, the
correlation of KL and IVNDFd was greatest up tor8f fermentation suggesting that the soluble plieso
affected both the rate and extent of IVNDFd. Unl&BL, KL disappeared during IVNDFd, and in most
forages there was a high negative correlation #&sacwith the difference between KL and ADAL{) and
IVNDFd, except for brown midrib hybrids maize aratlg cut grasses that had a different behaviouroign
forages, a one unit increaseAh corresponded to an average 18% decrease inytthenkonstrating that the
greater the difference between KL and ADL the lotherrate of digestion.
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I ntroduction

The rate () and extent of NDF digestion is important becadtigapacts on the energy available from
fibre, the passage of particles out of the rumehtha physical fill of the rumen (Mertens, 1993)€eTk and
the extent of digestion of NDF are affected byilngand the impact of KL and ADL, however, the diface
among these two measures for NDF digestion remabscure. Since KL appears to represent less
polymerized phenolic compounds, the potential tgatigely impact the ND solubles by either dilution
hindering digestion appears to be a possible hgsith

The lignin methods differentiate the phenolic acménarily by acid solubility. The two lignin
methods of interest are Klason lignin (KL) (Thean&eWesterlund, 1986) and the acid-detergent lignin
(ADL) (Van Soestt al., 1991). The KL results in higher values and repngs total phenolic acids and some
acid dispersible phenolics while ADL represents enpolymerized phenolics that appear to behave in a
more nutritionally uniform manner and impact théeex of NDF digestion in anaerobic conditions.

Correlation coefficients observed between KL andLABnd digestibility did not indicate any
advantage of either method in predicting rate ¢erof digestion (Jungf al., 1997). Fukushima & Hatfield
(2004) presented contrasting results for the kalatiip betweenn vitro NDF digestibility (IVNDFd) and
KL with low correlations between the two measuned aven lower correlations between ADL and IVNDFd.

Acid detergent lignin has been related to the witarextent of NDF digestion in the study of Chandle
et al. (1980) who fermented waste residues for 60 or &% dn methane fermenters. However, previous
work has suggested that soluble phenolic-carboltgydramplexes are released during fibre degradatich
might affect microbial degradation and subsequeetgy yield by diluting the neutral detergent sddgb
(Gaillard & Richards, 1975; Lowrgt al., 1994), thereby implicating un-polymerized phec®land not just
ADL in digestibility. Since the ND soluble fractiasf forage material contains the greatest energyert,
anything that dilutes this fraction will reduce tgergy content of the forage.

The South African Journal of Animal Science is available online at http://www.sasas.co.za/sajas.asp



South African Journal of Animal Science 2009, 3@ni@ement 1) 154
©South African Society for Animal Science
Peer-reviewed paper: 10" World Conference on Animal Production

The objective of this work was to study the relasloip between KL and ADL witin vitro NDF
digestion in an effort to assess if acid labile mlie compounds might affect the ratey)(lof NDF
degradation.

Materialsand Methods

Eighty-five forages of various species and stadgesaturity were harvested, dried in a forced aierov
at 60 °C for 24 h and then ground through a 1 mreestin a Wiley Mill (Thomas Scientific, Swedesboro
NJ). The samples consisted of different maturifesrly vegetative to boot stage) of lucerne, siaged
grasses L(olium, Phleum pratense, Dactylis glomerata L, Panicum coloratum L) and varieties of maize
silage (standard hybrids and brown midrib hybriB8R, which are low lignin hybrids with a visible
marker)) were analyzed for NDF (Mertens, 2002), APan Soest, 1973), KL (Theander & Westerlund,
1986) and IVNDFd.In vitro NDF fermentations were conducted in ErlenmeyeskBafollowing the
procedures of Goering & Van Soest (1970) on samgtesind through a 1 mm sieve. After digestion,
residues were analyzed for NDF with 0.250 mL ang/lé& 000 U/mL, Megazyme International, Ireland)
without sodium sulphite and filtered in cruciblagteild with Whatman 934-AH glass microfibre filters
(Whatman International Ltd., MaidstongK). Residues were also analyzed for ADL and KLngsthe
modification of glass filters in the crucible adileering aid. Residues from 6, 12, 24, 30, 36, 48d 96 h
fermentations were used foy éstimations (Van Amburgét al., 2003).

For evaluation of the relationships, correlationsravestimated simple Pearson correlations for all
forage types between lignin measures, lignin andrgxof IVNDFd, and lignin type and IVNDFd, land
tested for significance (P <0.05).

Resultsand Discussion

The chemical compositions and thevitro digestibility values of the forages used in thedgtare
shown in Table 1. The highest NDF digestibility wias lucerne at six hours, for the grasses hardeste
during the early vegetative stage, at 48 hoursfanthe BMR at 96 hours. Correlations among ligtyipes
and extent (IVNDFd) and rate of digestion)(kere all statistically significant (P <0.05). Wih and among
all forage types, the correlations between ADL &hdwere high and positive, except for the BMR maize
and the early cut grasses. Furthermore, corremtordry matter basis were larger than on NDF Hasiall
forages. This shows how the neutral detergent isolunight disperse some of the soluble phenolics.
Temperate, vegetative grasses had KL measuresdingeib% and ADL values less than 2%.

Table 1 Mean values (standard deviations in parenthesas)avhical composition (%DM) arid vitro NDF
digestibility (¥%oNDF) of forages used in this stu@temperate grasses, ZZ early cut grasses)

NDF  ADL KL IVNDFd6h  IVNDFd48h  IVNDFd 96 h

Lucerne 3650 6.35  11.12 20 50 54
(6.20) (1.27) (2.62) (6.20) (6.10) (7.18)

Maize  41.96 297  6.85 12 64 77
(4.69) (0.71) (1.17) (4.15) (8.01) (9.14)

Conv. 4326 319 7.9 11 62 72
(4.24)  (0.60) (1.00) (4.10) (6.01) (6.14)

BMR 36.79 209  5.48 14 76 91
(2.78)  (0.39) (0.83) (2.14) (4.02) (5.23)

z 7317 637  13.75 9 57 67
(10.21) (2.46) (2.88) (5.12) (8.12) (9.12)

7z 4498 270 1050 15 78 81
(4.80) (0.47) (5.19) (2.12) (3.10) (4.01)

Conv. — standard maize hybrids; BMR - brown midmnbrids maize silage.
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Among all forages, the correlation between KL aWiDFd was greater early in the fermentation
period, whereas the correlation between IVNDFd Al increased as fermentation length increased,
which is consistent with previous findings (Chamddeal., 1980). Within and among all forages, both KL
and ADL were negatively correlated with IVNDFd ayaime point of digestion (Table 2). This suggests
two-fold effect of lignin types on both the extesmid rate of NDF digestion. Since KL and ADL are
positively correlated in most plants, the obsepratihat KL impacts digestion is not extraordinagycept
that the KL is dispersed and less recoverablegestion progresses. This suggests that solubleopbgror
unpolymerized phenolics are potentially attachesioime carbohydrate moieties resulting in less tgesr
create some steric hindrance or resistance creatiragrier for bacterial enzyme activity.

Table 2 Correlations between lignin types (NDF basis) exigént (IVNDFd) and rate of digestiony(k
(X lucerne, Y maize silages, Z temperate grasségafly cut grasses)

ADL vs. ADL vs. KL vs. KL vs.
ADK"LVS IVNDFd IVNDFd IVNDFd  IVNDFd ADl'(‘ VS K'T( VS A'T(VS
24 96 24 96 d d d

Lucerne 0.57 -0.64 -0.83 -0.44 -0.48 0.04 0.09 320.
Maize 0.51 -0.79 -0.87 -0.67 -0.64 058  -052  0.09
Conv. 0.53 -0.82 -0.89 -0.69 -0.55 052 043 205
BMR 0.10 -0.69 -0.84 -0.48 -0.42 023 020 057
z 0.70 -0.85 -0.94 -0.69 -0.63 075  -0.48  -0.40
7z -0.37 -0.54 -0.62 -0.31 -0.29 0.25 048  0.49
All 0.44 -0.59 -0.85 -0.48 -0.40 0.20 0.48 0.44

Conv. — standard maize hybrids; BMR - brown midmnbrids maize silage.
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Figure1 Klason (KL) and ADL values as % of NDF per forageup.
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Among all forages, KL was negatively correlatedmiWNDFd and k, and this was particularly true
for conventional maize silages and mature grassédess for BMR maize, early cut grasses and l@cern
The difference between the KL and ADAL) and extent and rate of digestion did not behsivdlarly
among forages, especially in BMR maize and eartygcasses. Figure 1 shows the different behavidur o
BMR and early cut grasses. This further supporspitesence of dispersible lignin or acid-labile riiie
acids that impacted microbial degradation consistétit the concept of steric hindrance resultingliverse
correlations with the respectivg. K he data further suggest that BMR maize, althdugtvested at maturity,
behaves like an immature plant with respect tatigmolymerization and acid-labile phenolic acids.

Overall, these data clearly indicate that bothiliggpes impact the rate of digestion and implyt te
NDF digestion occurs, acid-labile phenolic acidvehahe ability to modulate the rate of digestion of
temperate forages and it appears that these pbematiuld be recovered in the ND soluble, reduchey t
energy available from microbial digestion.

Conclusions

The data presented demonstrates several key faelated to forage digestion by ruminal microbes
and the need for improved methods of forage ana famalyses. Methods for measuring NDF digestybilit
and lignin need to include steps to improve recpeeich as the use of specific filter papers. Thisaaces
our ability to describe the behaviour of fibre dmtation in a more quantitative and descriptive neann
which will allow both plant breeders and nutritistsi to make better decisions about genetic sefeetnl
forage selection and feeding behaviour for spe@ficonomic conditions. The factors within a plamatt
impact digestibility are different among plant ies and need to be considered when predictiragéor
digestion and energy vyield.
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