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Determination of Lignin in Feedstuffs from Me-~
thoxyl Content in Acid-Lignin Versus, the Cal-
orimetric Method

¥ I El-Taity and A K. Abou-Raya F o™ w
Faculiy of Agric., Cairo Unw., Egypt.

THE CALORIFIC value of lignin and separate pure carbo-
hydrates in a crude fibre residue was determined as well as
in the original plant residue to checlk calorimetrically the
reliability of the principles applied for lignin determination
from methoxyl content (MeQ) in acid lignin as deseribed
by Moon and Abeu-Rayan (1966).

Crude fibre residue was prepared from wheat straw and
its calorific value was 432 Hceal/100 g of OM when calculated
from analysed nutrients (using 6.26, 4176 and an average of
42 Keal/g as calorific value figures for lignin, cellulose and
mixed carbohydrates, respectively). The caloric balance was
the same as obtained from direct bomb calorimeter determi-
nation which was 432.8, This was also proved with a crade
fibre residue from feces of clover hay after being freed from
fatty and resinous materials.

'he concurremce of the calorimetric method with  the
chemical method appeared to confirm the lignin determina-
tion procedure of Moon and Abou-Raya {1966).

Calorimetric method was suggested for ligmin determina-
tion in similar residues confaining Ilignin and mixed poly-
saccharides .Lignin percentage of the residue (¥) could be ob-
tained from s kunowledre of the determined calorific value of
100 g OM of the residue (X) by using the following equation :

Y = 04831 x — R02.86

Most of the nutritional work on lignin has been handicapped by the
lack of reliable method for its determination. The method of Ellis
et ¢l (1948) still widely used in nutrition investigations. Critical
studies of the guantitative methods of lignin determination using
strong acids (mainly 72% w/w H.£0,) were undertaken by Abou-
Raya (1951), Moon and Abou-Raya (1852a, b and c).

Moon and Abou-Raya (1854) prepared “pure lignin” by ethyl-
scetoacetate to be used as a reference lignin practically free from
N. Using an average conversion factor of 5.5 known from the
average methoxyl in reference lignin for geveral feeds (18.2%), it
was possible to present a more accurate method for determining
lignin based on methoxyl content in acid lignin multiplied by 5.5.
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Bergner and Schramm (1968) used samples finely ground and
pretreated by refluxing with water, dilute HCI and ETOH — C.H,
(1:2). Lignin content was calculated from the heat of combustion
of the dried residue.

Material and Methods

the conventional nutritive analysis, lignin determination (PMe lig-
nin X specifie conversion factor) was as recommended by Mcon
and Abou-Raya (1966} and slightly modified by Abou-Raya and
Galal (1966).

The procedure of Moon and Abou-Raya (1954) was used to
prepare reference lignin (by ethylaceto-acetate from mature plants)
in order to caleulate the Specific conversion factor for common
feedstuffs in A.R.E.

“Alkali lignin” was prepared from wheat straw using the pro-
cedure of Bondi and Mayer (1948) as slightly modified by Abou-
Raya (1951) for calrofie value determinations. When the method
of Dorée was used by Ghoneim et ql. (1966) was used to isolate
cellulose (based on delignification by chlorine evaluated from cal-
cium hypochlorite acidified with H.SO, 20%), the prepared mater-
ial contained very high ash as Ca S0, up to 37.87%. When replac-
ing dilute HCI acid instead of H.S0, in the chlorinating reagents,
the ash content in the cellulose was reduced to 5.93%.

The ecalorific value determined after such modification was
4.176 Keal/g. Organic matter was practically the same as recorded
figures. Pentosans were determined in crude fibre residue using
the method of Lavner and Wilson (1939}, as indicated by Galal
(1969).

The ecalorific value was determined by an diabetic homb
calorimeter following the British Standard procedure, with crude
fibre, cellulose and lignin. The calorific value per g penfosan was
caleulated from g knowledge of the hexosan formula (C,H,,0,)n,
it was possible to prove that each 1 g pentosan could produce 4.28
Eeal. The undetermined fraction of the crude carbohydrate (either

Egypt. J. Anim, Prod, 21, No. 1 (1981)



DETERMINATION OF LIGNIN IN FEEDSTUFFS . .. 3

in feed, feces or crude fibre) was considered to belong to true
carbohydrates, having a calorific value of 4.28 Keal/g.

Results and Discussion

1 The comversion factor of lignin from common feedstuffs in
Egypt

The methoxyl content in reference lignin was determined in
order to calculate the specific conversion factor for pure lignin in
common feedstuffs in A.R.E. Egypt (Table 1).

TABLE 1. The gonversion factor of lignin from coumen
feedztuffs.

Feed Souree 11e0% in  Conversion
ref. factor
lilgnin
Wheat, Triticul 5pp. Straw 17.80 5.62
Rean, Vicis feba equins  Strew 17.66 5+6G
Naize, Zea mays Stallks 17.89 5.59
Cotton, Gossypium spo. Stalks 17.6C 5,68
Rice, Oryza sativa Straw 18.38 Satrl
Glever, Mrifolium alex-
andrinum Straw 18.104 5.51
Sugar cang, Saccharum .
‘gYficinarum Bagase 18.20 549
Average oi conversion '
factors 557

Owing to the fact that N content in prepared ‘reference lignin”

could be practically neglected, therefore, MeO% was recorded with
out correction for N content.

Results in Table 1 show that MeO% in legume “reference
lignin” ranged between 17.66 and 18.14, while in cereals the range
was 17.80 to 18.38. The corresponding range of the conversion fae-
tor was 5.51 to 5.66 and 5.44 to 5.62. The average for the seven
cases was 5.57. Moon and Abou-Raya (1954) obtained for legumes
and cereals (but correcting for N content) a range from 5.27 to
5.64 with an average of 5.5. The range and average here were
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practically the same as those of Moon and Abou-Raya (1954).
Therefore, the suggested conversion factor average (5.5) by Moon
and Abou-Raya (1954) appeared to be a suitable average for com-
mon feed-stuffs in A.R.E, Egypt.

2. Caloric balance in plant end fecal materials in relation to lignin
determination

Results with wheat straw crude fibre (Table 2) indicated that
the calorific value per 100 g calculated from the summation of
calorific values of lignin, cellulose, pentosan and the undetermined
fraction was 429.50 Keal in OM and 432.0 Kcal in OM. The cor-
responding figures obtained from direct bomb calorimetry were
430.40 and 432.80, the difference being negligible not exceeding
0.18%. These results were in favour of the analytical methods us-
ed for cellulose, lignin and pentosan determination as well as the
physico-chemical method for estimating calorific value of such in-
gredients.

Particularly with lignin, it appears that the method of Moon
and Abou-Raya (1866) (based on acid lignin OMe X conversion
factor) produced a reliable estimate of lignin content.

Owing to the close calorific value of cellulose and pentosans,
it might be more practical and simpler to consider that the whole
carbohydrate fraction (mainly cellulose and pentosans) contains
4.20 Keal per g Testing such consideration in this case, the OM
of the crude fibre containing 6.14% lignin and 93.86% carbohydrate
would contain by ecalculation (83.86 X 4.20 + 6.14 X 6.27) an
amount of 432.7 Kecal. This was the same as obtained from direct
calorimetry or from the summation of the ealorific values of se-
parate ingredients. The suggested scheme would save cellulose and
pentosan determination. The carbohydrates would be obtained by
difference, f.e. organic matter minus lignin.

Alternatively, from a knowledge of the calorific value deter-
mined calorimetrically per 100 g CF {on OM basis); it is possible
to determine indireetly lignin content in the CF using a very sim-
ple equation as follows :

Assuming ¥ = % lignin in organic matter, the amount of
carbohydrate would be (100-Y)%. Taking 100 g OM of the crude
fibre : :
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Iable 2, . The calorific value of ecruds fibre and the distribution of the calorific value

among its nutrients.
a, Resulbs with wheat straw CF.

Nutrient Kilocal/lg Arnalysis of Calorific valuse Anslysis of Calorific value
nutrient W00 g Du in nutrients of 100 gz oM in nutrients of
En . jos : QM

Ashk v 0.57 - 0.00 =
Lignin .27 6.11 28630 €14 25.50
Cellulose 4,18 82.49 244,80 82.96 36,80
Pentosan 4028 10.51 45,00 10.57 45420
UnGetermined 4,28 032 1.40 035 1.50
. fraction
Totald @ ieus - 100 g 429.5 100 g 432,00
Determined calori~ o
fie value/100 g CF 43040 = 432.80
b. Besults with faecal CF from hay @
Ash - 4,80 - .00 -
Lignin 6.27 23,44 146.97 24,62 154437
Cellulose 4,18 50,60 21151 53.15 222.17
Pentosan 4,28 10.80 46,22 11. 354 48,54
Ethanol-benzen .

extraction 9,50 2.87 2%.59 2.59 24,60
Undetermined 7

fraction 4,28 2,89 33.80 8.20 35.10
_.H.Gﬁmulu.w £0ea - 100 g 462,00 120 g 454,78
Determined calori-~ - = 461.70 o 4ea. a8

fic value/1C0 g CF
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Therefore 432.8 = 4.20 (100-Y) + 627 X
= 420 —420Y + 627TY

= 420 + 207 Y

432.86 — 420

Y = ——— = §18
2.07

= Calorific value in 100 g OM — 420

2.07

The determined lignin content was 6.14, the difference between
direct and indirect calorimetric method per lignin determination
was only 0.659%. These results might be in favour of the method
of Moon and Abou-Raya for lignin determination and encouraging
to use indirect calorimetric method for lignin determination con-
firming the results of Bergner and Schramm (1968), The calorimet-
ric method appeared easier and fairly rapid so long there was a
fair agreement with direct methods,

Therefore, a new CF residue was prepared in a second trial
from hay faecal material (Table 2b) a satisfactory result was also
obtained which confirmed that obtained with wheat straw CF.

3. Proposed scheme for indirect determinalion of ligwin calori-
metrically ‘

From the previous study, it appeared possible to predict the
amount of lignin in a plant material after being pretreated fo re-
move rude fat, resinous material and nitrogenous material. In
other words, if the pretreated residue contained lignin and poly-
saccharides (assuming 6.27 keal per g lignin and 4.20 kel per g
carbohydrate), a knowledge of the calorific value per 100 g OM of
the pretreated residue x (determined directly in the bomb calori-
meter) would enable prediction of the lignin content in the residue.
Then, it could be easily related to the original plant material by
a knowledge of the percentage residue in the material.

Using the equation deduced before, the lignin percent in the
OM of the residue would be :
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X — 420 5} 420
o e .
2.07 2.07 2.07

o Y = 0483 X — 202.86

Such equation could be plotted in a straight line curve. When
lignin (Y) is zero, X would be 420 keal/100 g OM of the residue,
and when Y is 100, X would be 627 Kcal.

This field appeared promising, but further studies are need-
ed to determine the suitability of the pretreated residues used for
acid lignin determination for applying such an equation. Checking
the results should be undertaken by direct acid lignin determination
based on methoxyl content in the residue,
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