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Abstract

Sorghum is one of the most important crops in China. It is used mainly as a livestock feed,
although it has some use as human food, as well as for brewing. There are about 7000 varieties and
hybrids including native and introduced species being cultivated in the country. The quality and
quantity of the food supply in China is getting more and more serious as the Chinese population
increases. Therefore, it is urgent to explore the use of aternate feeds such as sorghum. The effect
of dietary tannins in sorghum on the performance of animals has been the subject of study for
many years in China. Three poultry studies, a feeding trial with broiler chicks, a balancing tria
with adult leghorn cocks, and a duck study on the effects of digestive enzymes, are reviewed in
this paper. The main results are summarised as follows: 1. Broiler chicks could tolerate up to
0.48% and 0.64% dietary tannin in sorghum in the first four weeks and last four weeks of age
respectively without any adverse effects on weight gain, feed efficiency, dressing percentage, total
serum lipid content, serum cholesterol content and glutamate-pyruvate transaminase levels. How-
ever, feeding chicks with sorghum may reduce leg and skin pigmentation. 2. In the balancing trial
with adult leghorn cocks, it was observed that as dietary tannin content increased, protein
retention, dry matter (DM) digestibility, and metabolic rate of gross energy decreased. However,
there was no significant difference between 0% and 0.64% tannin diets on digestibility of DM and
the metabolic rate of gross energy. 3. When commercia tannin was added to duck diets at a level
of 1.5% DM, it was shown that tannin could significantly reduce total proteinase, trypsin and
o-amylase activities in the small intestine of Shaoxing duck.

SORGHUM, sometimes referred to as the great millet,
has been grown in China, according to archaeolog-
ica evidence, for 5000 years. It is one of the most
important crops in China and is popular worldwide
due to its great range of adaptation, and its multiple
functions as feed for livestock and humans, a com-
ponent of brewing and many other uses. Sorghum
straws are often used to make brooms. Prior to the
1960s, it was the staple diet of millions of Chinesein
northern China. In the animal industries, as a feed, it
is involved in the production of meat, milk, and
eggs, and for animal husbandry. As a principal
source of an acoholic beverage, sorghum is used in
brewing.

Sorghum is grown in most areas of China, the
most important being Liaoning and Shanxi provinces
where most of the sorghum research is carried out.
At present, there are about 7000 varieties and
hybrids including native and introduced species
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being cultivated in various experimental stations
around the country. In 1996, the production of
sorghum grain was about 5.67 million metric tonnes
which was produced on 1.29 million hectares. The
outside colours of the grain are usualy white,
yellow, red or solemn pink and brown-seeded.
Chinese sorghum normally contains 85.2%-95.3%
of dry matter, 7.5%-15% of crude protein, 1.4%—
4.6% of crude fat, 1.3%—-2.6% of crude fibre, and
1.5%-5.0% of crude ash. Of the common ceredls,
sorghum ranks fifth after wheat, rice, maize and
barley, based on their annual output and areas under
cultivation (Anon. 1986, 1997).

Studies of Tannin in Livestock Feedsin
China

Sorghum is widely planted in the tropical and sub-
tropical areas because of its greater resistance to
drought and disease than maize or wheat. In China,
sorghum is grown mainly in northern areas where
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rainfall is marginal. In northern China, sorghum is
used as an energy source for livestock. Considerable
research has been conducted on the feeding value of
sorghum for livestock. Many studies suggest that
tannin-containing sorghum is poorly utilised by live-
stock, especially poultry, compared with no-tannin
containing sorghum or maize. One negative charac-
teristic of sorghum is the presence of tannins which
lower its nutritional value for non-ruminant animals
by reducing retention of protein, digestibility of dry
matter and metabolic rate of gross energy (Cao et al.
1985; Diao et al. 1990; Guo 1995). Inhibition of
digestive enzyme activity has also been reported
(Zhou 1990; Li 1998). The potentia to replace maize
by sorghum in poultry diets has been frequently
investigated in past years. However, those studies
were difficult to compare because sorghum cultivars
used in different experiments varied significantly in
tannin content and methods used for tannin determi-
nation. The amount of maize that could be replaced
by sorghum depended on the tannin content and
other conditions of the livestock.

Investigations of feeding value of sorghum were
studied mainly in poultry and pigs in China. Poultry
are more sensitive to tannin than other animals. The
objectives of this paper were to review the studies on
broilers fed tannin containing diets, a balancing tria
with adult leghorn cocks and the influence of tannins
on digestive enzymes of duck.

Effects of Different Sorghum Tannin
Concentrations on the Performance of
Broiler Chicks

Materials and methods

Three sorghums (SCS, JLW, JSS), which contained
0.49%, 0.913% and 1.35% of tannin respectively
were used. With these sorghums, five diets were for-
mulated to reach tannin levels 0.16%, 0.24%, 0.32%,
0.48% and 0.64% respectively. An additional diet,
Diet 1, was a control of corn-soybean meal. All six
diets were formulated to contain approximately
equal amounts of protein and energy adjusted with

soybean oil. They were designed to meet the nutri-
tional requirements of starting and finishing broiler
chicks (Table 1). Diets were offered ab libitum in
mash form.

In this study, 432 day-old broiler chicks from a
commercia hatchery were randomly assigned to 6
dietary treatments of 72 chicks each with four
replicates. They were then put into individual cage
batteries. The room temperature was maintained at
32°C from 0 to 7 days, then gradualy reduced
according to standard brooding practices. Chicks
received 24-hour lighting throughout the trial. Water
was supplied ad libitum. Feed intake, weight gain,
and feed efficiency (F/G) were measured. At the end
of trial, 10 birds from each treatment were sacrificed
to get carcass data and to collect tissue samples for
analysis of physiological parameters. At the end of
trial, 30 birds from each dietary treatment were used
to score leg and beak pigmentation using the Roche
Yolk Colour Fan.

Results and discussion
Body weight and feed efficiency

The performance data from the feeding tria are
shown in Tables 2-5. There was no significant effect
of sorghum tannin on weight gain over the entire
eight weeks (Table 2). Although weight gain for the
diet containing 0.64% tannin was significantly lower
(p <0.05) during the period of 0—4 weeks, this differ-
ence was not evident from 5 to 8 weeks or over the
entire period. No significant differences (p >05)
attributable to dietary treatment occurred in feed effi-
ciency (Table 2), suggesting that chicks were able to
utilise the diets as well as they did the maize control.

Carcass

Slaughter test results indicated that there were no
significant differences on carcass production (p >.05)
among treatments (Table 3) athough abdominal fat
content was increased with dietary tannin level. This
was not due to sorghum tannin because diets were
supplemented with increasing soybean oil as the
sorghum content changed.

Table 1. Sorghum, tannin and nutrient content of experimental diets in the trial.

Treatment 1 2 4 5 6

Sorghum (%) 17.70 26.60 35.50 53.30 57.04
Tannin (%) 0.16 0.24 0.32 0.48 0.64
ME (MJkg) 13.05 13.05 13.05 13.05 13.05 13.05
CP (%) 22.05 22.04 22.04 21.95 22.08 22.08
Crude Fat (%) 6.35 7.28 7.69 8.18 9.03 9.23




Table 2. Weight gain and feed efficiency of broiler chicks diet differing in tannin levels*.

Parameter Period Treatment (tannin in %) SEM
(week)
Control 0.16 0.24 0.32 0.48 0.64
Weight gain (g/bird) 04 802eb 821 8172 836% 8512 7900 72.22
58 1080 2 10272 10232 10512 11672 11602 113.20
0-8 18342 18092 18002 18472 19792 19112 204.12
Feed:Gain 04 1.582 1.552 1.552 1.582 1532 1.642 0.09
58 2.692 2.872 2.812 2,752 2.742 2.612 0.15
0-8 2.202 2.242 223 2,222 2.202 2.202 0.11
ab Means within columns with no common superscript differ significantly (p <0.05).
Table 3. Performance of meat production on broiler chicks with different tannin level at 8 weeks.
Treatment (tannin %) Control 0.16 0.24 0.32 0.48 0.64
Dressing percentage (%) 90.742 90.672 90.322 91.162 90.302 91.222
Half JT percentage (%) 92.302 91.762 92,732 91.452 93.382 93.632
All JT percentage (%) 75.95% 75.552 76.032 75.192 76.852 77.182
Abdominal fat (%) 2.10b°¢ 1.80¢ 1.93h¢ 2.38® 2,772 2.682

3¢ Means within columns with no common superscript differ significantly (p <0.05).

Dressing percentage = (body weight — blood — feathers)/live weight.

Half JT percentage = (Carcass + heart + lung + liver + stomach (without content) + kidney)/(body weight — blood — feathers).
All JT percentage = Carcass/(body weight — blood — feathers).

No significant differences (p >.05).

Table 4. Some physiologica parameters of broiler chicks with different tannin level at 8 weeks.

Treatment (tannin %) Control 0.16 0.24 0.32 0.48 0.64
TSL (mg/100 mL) 116.43 133.33 116.44 133.63 117.23 110.96
CHOL (mg/100 mL) 42.37 53.50 38.13 38.75 37.00 35.13
GTP (unit/100 mL) 12.28 15.50 22.25 24.00 13.50 17.00
TSL: total serum lipid; CHOL: cholesterol; GPT: glutamate-pyruvate transaminase.

Table 5. Pigmentation on leg and beak of broiler chicks with different tannin levels at day 56.

Treatment (tannin %) Control 0.16 0.24 0.32 0.48 0.64

Beak 1.602 1.20 1.15¢ 1.054 1.054 1.004

Leg 4.342 3.42¢ 3.10d 2.00¢ 1.66f 1.209

a9 Means within columns with no common superscript differ significantly (p <0.05).

Physiological parameters

There were no significant differences in total serum
lipid content, cholesterol level and glutamate-
pyruvate transaminase activity among different
dietary treatments (p >.05, Table 4). This indicates
that sorghum tannin did not affect those parameters
analysed in the trials.

To sum up, based on performance, carcass and
physiological parameters, dietary maize can be
replaced by sorghum grain provided the tannin
content does not exceed 0.64%.

Pigment of skin

Pigment in control treatments (corn-soybean diet)
was yellow; treatment 6 was near white. Because

sorghum has no yellow pigment, higher sorghum-
containing diets resulted in light outward pigmen-
tation of broilers. This trait has a negative effect on
certain markets.

Nitrogen and Energy Utilisations
Materials and methods

In the balancing trial, 48 adult leghorn cocks were
divided into six groups, each consisting of eight
animals and were individualy housed in metabolic
cages. A tota collection method was used. The pre-
treatment period was 7 days, and during the
following 5 days excreta were collected. Excreta
were freeze-dried to constant weight and finely
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ground for subsequent analysis. The gross energy
(GE) content of both diets and excreta were deter-
mined by oxygen bomb calorimetry (IKA-
Calorimeter, Adiabatisch ¢ 400), while nitrogen
content was determined by the macro-Kjeldahl pro-
cedure. They were used to investigate the effect of
sorghum tannin on the utilisation of nitrogen and dry
matter and the metabolic rate of gross energy. In the
balancing trid, the diets were the same as those used
in the preceding feeding trial.

Results and discussion

Table 6 shows the effect of sorghum tannin on the
utilisation of nitrogen and dry matter, and the meta-
bolic rate of gross energy. The dietary tannin content
had a significant effect on the retention of nitrogen
(p <.05) which was decreased with increasing dietary
sorghum tannin content. The reason for this phenom-
enon could be due to formation of insoluble com-
pounds from tannin binding protein excreted in the
faeces.

The metabolic rate of gross energy and the
digestibility of dry matter were decreased with
increasing dietary tannin (Table 6) athough the dif-
ferences among six treatments were not significant
(p >.05). The reduction in AME could be explained
by a reduction in dry matter digestibility (DMD). It
was reported that diets containing sorghum tannin
could reduce both DMD and digestive enzyme
activity. The reduced DMD could be due to tannins
forming complex compounds with the carbohydrate
components of diets (Nyachoti 1996).

In generd, it is evident that the tannin present in
the diet may have only limited effects on feeding
value for poultry.

Effects of Tannin on Activities of Digestive
Enzymesin Ducks (Zhou)

Description of thetrial

In this experiment, Shaoxing ducks were used to
study the effects of tannins on activities of digestive
enzymes. Eighty eight one-day-old Shaoxing ducks
were divided into two groups of 44 each and were
housed in floor pens with wood shavings as litter. In
the experiment, two diets were assigned, one a
control diet, the other with the addition of com-
mercia tannin (Table 7).

Table 7. Composition of diets in experiment with duck.

Composition Control diet Tannin diet
Dry matter % 90.50 90.50
Protein % 17.7 17.6
Lysine % 0.83 0.83
Met + Cys % 0.52 0.52
Commercial tannin % — 15

The experiment began at day 6 after hatching,
feed and water were offered ab libitum. On days 27,
47 and 67 respectively, 12 ducks from each group
were weighed and sacrificed. The abdomens of these
ducks were then opened and the small intestine was
removed. The intestine was divided into 2 sections,
the upper section (duodenum and jejunum) and the
lower section (ileum). Mucus from the intestine was
removed and then trypsin, a-amylase and total pro-
teinase activities were determined by the method of
Erlanger and Bernfeld (Zhou 1990).

Results and discussion

Dietary tannin had significant effects on trypsin, a-
amylase and total proteinase activities (p <.01)
(Table 8). The commercia tannin content of 1.5%
DM reduced the activities of these three digestive
enzymes. Such effects could reduce the absorptive
capacity of the tract, thus contributing to poor animal
performance which is often observed when high
tannin-containing diets are fed.

Table 8. Effects of tannin on activities of digestive
enzymes in ducks.

Enzyme Part of Day Control Tannin
intestine (1.5%)
27 35.052 29.55P
Trypsin Above part 47 34,952 29.10P
67 35102 30.40°
27 4,982 4.82b
a-amylase Above part 47 4962  4.78°
67 4.882 4.76b
27 40002 2900°
Total proteinase Abovepart 47 38002  2500°
67 34502 2300°

abMeans within columns with no common superscript
differ significantly (p <0.05).

Table 6. Effects of sorghum tannin on retention of nutrients.

Tannin content (%) Control 0.16 0.24 0.32

Retention of protein (%) 86.862 86.55% 85.77% 85.41%
Percentage GE metabolised (%) 79.062 79.562 79.422 78.412
Retention of dry matter (%) 72.112 72.062 71.582 70.68%

0.48
85.12%
78.402
70.502

0.64
84.34°
78.3%2
70.402

29 Means within columns with no common superscript differ significantly (p <0.05).
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Conclusion and Applications

. Broiler chicksin their first 4 weeks could tolerate
up to 0.48% sorghum tannin in the diets and in
the later 4 weeks could tolerate up to 0.64%
sorghum tannin without any adverse effect on
weight gain, feed efficiency, dressing percentage,
total serum lipid, cholesterol and glutamate-
pyruvate transaminase levels.

. Feeding a sorghum diet to chicks could reduce the
yellow pigment on their beaks and legs.

. Retention of protein, dry matter digestibility
(DMD) and the metabolic rate of gross energy
decreased in Leghorn cocks as the dietary tannin
content increased.

. Commercial tannins added to the diet at a level of
1.5% DM reduced the activities of total proteinase,
trypsin and a-amylase in the small intestine of
Shaoxing ducks.
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Cassava Hay: an Important On-Farm Feed for Ruminants
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Abstract

Cassava (Manihot esculenta Crantz), an annua tropical/sub-tropical tuber crop, was nutrition-
ally evaluated as a foliage for ruminants especialy for dairy cattle. Cultivation of cassava biomass
to produce hay at three months after planting and followed every one-two months thereafter until
one year, produced a collective DM yield of 11 786 kg/ha. Intercropping of leguminous fodder in
rows like Leucaena leucocephala would enrich soil fertility and provide additional fodder. Cassava
hay contained 24.9% CP and with very minimal HCN content (0.348 mg%y). Feeding trials with
cattle revealed high levels of DM intake (11.2 kg/hd/d, 3.2% BW) and DM digestibility (71%).
Ruminal protein degradation of cassava hay was relatively low (48.8%) since it contained tannin-
protein complexes which would act as by-pass protein in the small intestine. Therefore, supple-
mentation with cassava hay at 2-3 kg/hd/d or provision as a sole source of roughage in dairy cattle
could remarkably reduce concentrate supplementation and increase the fat and protein content of
milk. Moreover, cassava hay supplementation in dairy cattle will significantly increase milk
thiocyanate which could possibly enhance milk quality and milk storage especially in small holder-
dairy farming. Cassava hay was therefore an excellent source of supplemental protein (by-pass
protein) for dairy cattle especially during the long dry season and has the potential to increase

productivity and profitability.

CASSAVA or tapioca (Manihot esculenta Crantz) is
an annua tuber crop grown widely in tropical and
sub-tropical aress. It can easily thrive in sandy-loam
soil with low organic matter, receiving low rainfall
and high temperatures. It is therefore a cash crop
cultivated by small-holder farmers within the
existing farming systems in many countries.

Cassava tubers contain high levels of energy and
minimal levels of crude protein and have been used
as readily fermentable energy in ruminant rations.
Cassava leaves have been used as a protein source
when collected at tuber harvesting time. However,
the intake and digestibility was low due to the high
level of condensed tannins (Reed et al. 1982;
Onwuka 1992). Harvesting of cassava at an early
growth stage (3 months) to make hay could reduce
the condensed tannin content and increase protein
content (25% DM) resulting in a higher nutritive
value (Wanapat et al. 1997).

Department of Anima Science, Faculty of Agriculture,
Khon Kaen University, Khon Kaen, Thaland 40002.
Email: metha@kkul.kku.ac.th

The objectives of these studies were to explore the
feasibility of using the whole cassava crop as hay
when harvested in the dry season after 3 months of
cultivation, and subsequently every 2 months
throughout the year to assess yield, hay-making,
feeding value, supplementation and its effect on milk
thiocyanate as a milk preservative.

Materials and Methods

Experiment 1. Cassava cultivation and
hay-making
A cassava crop was planted in rows using stems with
30 x 30 cm. spacing in October and harvested in
December (3 months) by cutting the whole crop at
15 cm above the ground. Leucaena was also densely
planted as strips (1 m.) to help fix N in the soil.
Fresh yield was measured immediately and was |eft
in the field to be dried for 1-3 days before being
collected.

The dried cassava biomass can either be stored in
bundles or made into baled-hay for storage and later
feeding. Cassava hay (CH) can easily be prepared in
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a simple sguare, wooden box to obtain a 15 kg bale.
It is recommended that the finished bale be further
sun-dried to secure dry matter of at least 85-90%
and to reduce hydro-cyanic acid and/or sprinkled
with 0.5% urea solution to prevent mould growth.

Cassava hay feeding value studies

Cassava hay was fed ad libitum to four rumen
fistulated Holstein-Friesian steers, weighing about
350 kg using CRD, for two consecutive weeks before
ametabolism trial wasimposed for 5 days to measure
voluntary intake, digestibility, rumen fluid for pH and
voldtile fatty acids (VFA). In addition, various parts
of cassava hay, leaf, branch, stem and whole crop,
wereinculated to measure rumen degradation at 0, 24,
48 and 72 h using the nylon-bag technique. Samples
of feed and faeces were chemically analysed for DM,
CP, NDF, ADF and ADL.

Experiment 2

Twenty-five first lactation Holstein Friesian dairy
cattle in late lactation (67 months) were randomly
assigned according to a RCBD to receive the
following five dietary treatments:

T1 = 3 kg concentrate + 0 kg cassava hay(CH)/hd/d;
T2 = 3kg concentrate + 1 kg CH/hd/d;

T3 = 1.8 kg concentrate + 2 kg CH/hd/d;

T4 = 1.5 kg concentrate + 3 kg CH/hd/d;

T5 = 2.0 kg concentrate + CH ad libitum.

Table 1. Yield and chemical compositions of cassava hay.

All cows were individually housed for 60 days
and received urea-treated rice straw on an ad libitum
basis. Feeds were given twice a day during milking
time. Milk yields were recorded daily and samples of
feed, rumen fluid, urine and faeces were collected
during the last two days prior to termination of the
experiment. Feed and milk samples were analysed
for chemical composition and statistically analysed
using Proc. GLM.

Experiment 3

Two farms were selected to test the effect of CH
supplementation on residual milk thiocyanate con-
centration in 10 (6 and 4) multiparous milking
Holstein Friesian cows. Animals were divided into
two groups (non- and CH supplemented groups) and
fed for one week before milk samples were collected
and analysed for milk thiocyanate as a milk pre-
servative, as reported by Claesson (1994).

Results
Experiment 1 (Tables 1, 2 and 3)

The cassava crop (whole) grew very well after three
months and yielded 12 131 kg fresh/ha or 3302 kg
DM/ha and the combined yield of subsequent
cuttings every two months were 50 087 fresh or
11786 kg/ha dried of CH. CH contained a high
content of crude protein (24.9%) and intermediate

Cutting time Yield (kg/ha) Casssva DM Ash CP NDF ADF ADL Condensed HCN
— % DM tannin - mg%
Fresh  Dried mg%
First cut 3 months after 12131 3300 Leaf 953 57 323 257 252 65 0.126
planting
1 m after firstcut (4 m) 5469 981 Branch 932 50 89 493 473 81 0.086
2m after firstcut (5 m) 6000 1200 Stem 827 53 146 388 325 57 0.083
3 m after first cut (6 m) 7731 1712 Whole(hay) 934 66 249 344 270 58 0.134 .348

6 m after first cut (9 m) 9069 2162
9 m after firstcut (12m) 9687 2431
Total 50087 11786

Table 2. Voluntary cassava hay intake, digestibility and ruminal protein degradability when fed to Holstein Friesian steers.

Item Cassava hay Leaf Branch Stem Whole crop hay
DM intake, kg/d 11.2 £ 0.06 Protein degradability

% BW 32+048 a % 30.0 222 55.2 284

g/kg W.75 138.0 + 3.09 b, % 70.0 77.8 44.8 47.9
Ruminal pH c/%lh 16 04 0.2 37

0, h-post feeding 7.11+0.16 ED, % 47.0 28.0 56.9 48.8

2, 7.05+0.21

4 6.25 + 0.29

DM digestibility, %

a = soluble fraction, b = potential degradation, ¢ = degradation rate, ED = effective degradation.
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levels of fibre fraction. Ruminal protein degradation
was relatively low which may have provided a
higher content of rumen by-pass protein. DM intakes
of CH fed solely were 3.2% BW and demonstrated
high DM digestibility of 71.0%. HCN content of CH
was minimal (0.348 mg%) after sun-drying. Total
VFA concentration was intermediate resulting in
relatively higher levels of acetate (C,) and pro-
pionate (Cs) (Table 3).

Experiment 2 (Table 4)

Supplementation with CH could reduce the amount
of concentrate used, especialy at 3 kg/hd/d. Cows
fed CH on an ad libitum basis produced a similar
milk yield and higher milk fat and protein content
while SNF and total solids were similar.

Experiment 3 (Table 5)

Feeding CH to lactating cows significantly increased
milk thiocyanate concentrations from 3.4 to 5.6 ppm
on farm A and from 7.8 to 19.5 ppm on farm B. This
thiocyanate in milk may activate the lactoperoxidase
system (LPS) to preserve milk quality as reported by
Claesson (1994).

Conclusions

Experiment 1. The results showed that a cassava
crop could be used successfully as CH when grown
densely and stripped with leucaena. CH was well
consumed by cattle and contained high protein. The
formation of tannin-protein complexes (mainly from
proanthocyanidins) could render higher by-pass
protein in the lower gut. CH was demonstrated to be
an excellent foliage for the dry season as earlier
reported by Wanapat et al. (1997).

Experiment 2. Higher levels of CH supplementation
reduced the level of concentrate supplement required
and improved milk yield. CH supplementation,
especialy at 2-3 kg/hd/d could improve efficiency,
reduce production costs and increase profits.

Experiment 3. The level of milk thiocyanate
increased as an effect of supplementation. CH could
be used as a natural preservative for milk storage and
milk quality. However, more detailed studies need to
be conducted.

Table 3. Ruminal volatile fatty acids (VFA) in dairy steers fed on cassava hay.

TVFAs Cc2 C3 i-C4 c4 i-C5 C5 C2.C3

mM/L -t mol/100 mol —_—
h-post feeding
0 40.0 72.8 16.2 15 6.2 2.6 0.7 45
2 43.2 711 17.3 12 7.3 21 0.9 41
4 50.4 70.6 17.6 12 7.8 18 11 4.0
Mean 445 72.0 17.0 13 7.0 21 0.9 4.2
Table 4. Effect of CH supplementation for late lactating dairy cows fed on urea-treated rice straw.

T1 T2 T3 T4 T5 SEM
Milk yield, kg/d* 6.3 6.1 54 6.1 54 .24
3.5% FCM 6.46 5.96 5.50 6.32 5.99 13
Fat, % 4.0 3.6 3.6 37 4.2 A1
Protein, % 4.4 @ 4.0 3.8°P 4.1° 532 17
SNF, % 8.6 8.8 84 8.6 84 12
Total solids, % 12.6 12.3 12.0 122 12.6 18

T1=0KkgCH + 3.0kg conc., T2 =1 kg CH + 3.0 kg conc., T3 = 2 kg CH + 1.8 kg conc., T4 = 3 kg CH + 1.5 kg conc.,

T5 = ad lib. CH + 2.0 kg conc.

Table 5. Effect of CH supplementation (2-3 kg/hd/d) on residual milk thiocyanate in lactating Holstein Friesian cows.

Milk thiocyanate, ppm SE

Non-suppl. CH suppl.
Farm A (6 head) 34 5.6 137
Farm B (4 head) 78a 195b 41
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Conclusions and Recommendations

Based on the previous findings, cassava whole crop
could be grown as an on-farm feed resource
especially for the long dry season feeding. Its high
concentration of condensed tannins could be manipu-
lated by harvesting at an early stage. The remaining
tannins appeared to be beneficial as they may remain
as tannin-protein complexes in the rumen and be
available post-ruminaly. It is, therefore, imperative
to investigate further the role of condensed tannins of
cassava hay for use on-farm for dairy cattle as a high
protein roughage in the dry season.
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The Role of Polyphenolsin Human Health

R.A. Kingt

Abstract

The polyphenols are one of the most widely distributed groups of non-nutritive phytochemicals.
They range from simple phenolics to highly polymerised tannins with molecular weights greater
than 30 000 Da and are generally present in plants as glycoside conjugates. Dietary sources of
polyphenols include cereals, legumes, fruit, vegetables and some beverages, notably tea and wine.
However, concentrations vary markedly within and between these groups. The daily intake of
polyphenols from a Western diet has been estimated to be as much as one gram. However, only
relatively recently have studies examined the extent to which ingested polyphenols are absorbed
from the gastrointestinal tract in humans. Polyphenols, particularly tannins, have traditionally been
considered as anti-nutrients because of their ability to reduce the digestibility of proteins. How-
ever, over the past one to two decades, there has been a growing appreciation of the potentially
important role of polyphenols in protection against common Western chronic diseases. This has
been based on studies in animal models and in vitro systems as well as on epidemiological and
clinical studies in humans. A major class of polyphenols is the flavonoids of which more than
4000 have been identified in nature. Epidemiological studies have suggested that the flavonoids
from soy foods may protect against cardiovascular disease and some forms of cancer; clinical
studies have supported a role in the prevention of osteoporosis and aleviation of menopausal
symptoms in women; animal and in vitro studies have provided further evidence of their protective
role. Similarly, there is evidence that flavonoids from other dietary sources may protect against
cardiovascular disease. Dietary polyphenols are thought to be partly responsible for the ‘French
Paradox’, a lower incidence of cardiovascular disease in some regions of Europe than would be
predicted from the high intake of saturated fats and the high levels of plasma cholesterol.
Similarly, the polyphenolsin green and black tea are thought to contribute to their beneficial health
properties. This paper reviews studies related to the role of polyphenols in human health, particu-
larly cancer and cardiovascular disease.

ALTHOUGH not precisely defined, the polyphenols
are an extremely broad class of substances ranging
from simple phenolic acids to highly polymerised
condensed tannins (Bravo 1999). Many thousands
have been identified in plants and foods. Gut bacteria
and the host organism can also transform these sub-
stances to a range of metabolites. It is not surprising
therefore that the polyphenols, as a class, display a
diverse range of properties that may be of potential
importance to human heath. Because of this
diversity it is not possible, within the limitations of
this paper, to discuss the role of this entire class in
all aspects of human health, rather it will focus on
the flavonoids and the tannins, with emphasis on

1CSIRO Human Nutrition, Kintore Avenue, Adelaide,
5000, South Australia

their role in protection against the two most impor-
tant Western diseases — cancer and cardiovascular
disease. This topic has been recently reviewed (see
for example (Bravo 1999; Chung et al. 1998).

Classes of Polyphenols

It is beyond the scope of this paper to discuss all the
many classes of plant phenolics which are present in
food in detail. However, some classes and an
example of each are shown on the next page.

Dietary Sources and Intake of Polyphenols

Estimation of the intake of polyphenolsis clearly an
important element in the assessment of their

KEYWORDS: Polyphenols, Flavonoids, French paradox, Cardiovascular disease, Cancer
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potential importance to human health. The poly- major 4-oxo-flavonoids) were recently estimated to

phenols are widely distributed in foods where, be approximately 26 mg and 3.4 mg respectively.
except for the catechins, they are generally presentas ~ The development of comprehensive computer-based
glycosides. Because methods for their measurement databases of the phytochemical content of foods is
have often been imprecise or non-specific and commencing (Pillow et al. 1999) and this, together
because levels are influenced substantially by plant with more accurate analytical methods, will assist in
genetics, state of maturity and environmental factors, more accurately estimating dietary intake of
reported values for content of polyphenols in foods  polyphenols and hence their role in human health.
vary substantialy. In addition, diet and cooking

methods differ between countries and therefore the

nature and amount of polyphenols consumed can Metabolism and Bioavailability of

vary substantially. For example, soy foods, which Polyphenols

are a uniquely rich source of isoflavones, are con- Polyphenols may potentially influence health by
sumed mainly in Asian countries. Some indicative  effects within the gastrointestinal tract without the
values for polyphenol content of foods are sum-  need for absorption, either directly, for example, as
marised in Table 1 and illustrate the large differences  antioxidants (Hagerman et al. 1998), or indirectly via
in polyphenol content between foods. effects on bacterial populations (Bravo et a. 1994).

Partly reflecting the problems noted above, esti- However, information about the extent to which
mates of intake of polyphenols have varied widely. ingested polyphenols are absorbed from the gastro-
For example, Kanhau (1976) estimated that the daily intestinal tract into the circulation, their concen-
intake of flavonoids in the USA in 1971 was  trationsin the blood and their residence times in the
approximately 500 mg (expressed as aglycones), of body is clearly critically important in assessing their
which approximately 100 mg was 4-oxo-flavonoids. role in human health. Until recently, there had been
In Dutch (Hertog et a. 1993) and Finnish (Knekt few such studies. However, with the growth in
1996) studies, intakes of flavones and flavonols (the  interest in the role in human health of phyto-

Table 1. Polyphenol content of foods (Bravo 1999; Thompson et al. 1997).

Food Polyphenol content Food Polyphenol content mg/100 g
mg/100 g or mg/100 mL
Rice ~10 Apple 27-298
Millet 590-1060 Blackcurrent 140-1200
Barley 1200-1500 Cherry 60-90
Sorghum 170-10 260 Orange 50-100
Flaxseed 33-107 Peach 10-150
Chick peas 78-230 Tomato 85-130
Common beans 34-280 Applejuice 37-710
Soybeans 100-300 Orange juice 66-100
Betel nuts 26 000-33 000 Tea leaves (green) 20 00035 000
Peanuts 40 Tea leaves (black) 22 000-33 000
Cabbage 25 Black tea 75-105
Leek 20-40 Coffee 130-370
Onion 1002025 Red wine 100400
White wine 20-30

86



chemicals in general and polyphenols in particular,
this is rapidly changing. For example, studies have
recently been reported for the catechins from tea
(van het Hof et al. 1999) and chocolate (Richelle et
al. 1999), polyphenols from wine (Serafini et al.
1998), quercetin from onions (Hollman et al. 1997a;
McAnlis et a. 1999; Hollman et a. 1996a) and from
tea (Hollman et a. 1997b) and for the isoflavones
daidzein and genistein from soy (King and Bursill
1998). Reported biocavailabilities of the flavonoids
range from about 10% to 50% (King and Bursill
1998; Hollman et al. 1995; Xu et a. 1994). The bio-
availability of tannins does not appear to have been
studied in humans, but, based on their size and
chemistry and on animal studies, it is unlikely that
they are absorbed significantly per se. It is possible,
however, that there may be some absorption of the
constituent polyphenols or their bacterial metabolic
products (Buchanan et al. 1996).

As discussed earlier, polyphenols are generaly
present in foods as glycosidic conjugates. Until
recently, it was accepted that polyphenols must be
hydrolysed to their aglycones by bacterial enzymes
in the gut before they could be effectively trans-
ported across the gut wall (Kuhnau 1976). Recent
studies, however, have questioned this tenet and, at
least for some flavonoids, it appears that transport as
the glycoside occurs, possibly by the glucose carrier
(Hollman et al. 1995). Thus, it may not only be the
nature of the polyphenol that influences its bioavail-
ability, but also the nature and extent of its glyco-
sidic conjugation (Hollman et al. 1995).

Once the polyphenols reach the large intestine,
they may be degraded by bacteria action (Kuhnau
1976). This degradation will decrease the bioavaila-
bility of ingested polyphenols and it may generate
metabolites with different bioactivities or bio-
potencies compared to the precursor polyphenol. In
addition, for flavonoids, and probably for most
polyphenols, glucuronide conjugates, which have
different biopotencies to the aglycones, are formed
by the host organism. Flavonoids which carry meta-
hydroxy groups (e.g. quercetin) can aso be methyl-
ated in the liver by the action of catechol-O-methyl-
transferase. Thus, metabolism of polyphenols by gut
bacteria and by the host organism is likely to influ-
ence the way in which they impact on human health.

Human Health Implications of Polyphenols
Tannins

The role of tannins in human health has been
recently reviewed (Chung et a. 1998) and the reader
is referred to that review for a more detailed dis-
cussion of the topic.
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Tannins can be divided into two classes — hydro-
lysable and condensed. Hydrolysable tannins such as
tannic acid are present only in low concentrations in
commonly consumed foods and therefore most of the
focus has been on the condensed tannins (also called
proanthocyanidins). Based largely on animal studies,
tannins have been considered as antinutrients due to
a range of adverse effects including reduced feed
conversion, reduced micronutrient bioavailability,
liver damage and reduced growth (Chung et al.
1998). While, as Chung has pointed out (Chung et al.
1998), ingestion of tannins may not be a problem for
those whose diet includes animal protein and cereals,
it may have consequences for people living in
countries where diets are based largely on high-
tannin grains such as sorghum and pulses. Based on
animal and in vitro studies, there is evidence that
tannins may be either procarcinogenic or anti-
carcinogenic and either mutagenic or antimutagenic.
However, except for extreme cases such as the
chewing of betel nuts (which contain up to about
25% tannins by weight), there appears to be no
evidence that tannins are procarcinogenic in humans
(Chung et a. 1998). While not directly related to
human health, the important contribution of the
tannins to the organoleptic properties of foods should
not be overlooked.

Flavonoids and Cardiovascular Disease

Four cohort studies and one cross-cultural study (the
Seven Countries Study) have examined the relation-
ship between estimated flavonoid intake and
coronary heart disease (CHD). After correction for
other known risk factors such as smoking and
saturated fat intake, one cohort study showed a
strong protective effect (Hertog et al. 1993), two
showed no effect (Knekt et al. 1996; Rimm et al.
1996), and one a statistically non-significant positive
association (Hertog et a. 1997) between flavonoid
intake and CHD risk. The Seven Countries Study
found a significant inverse relationship (Hertog et al.
1995) between flavonoid intake and CHD risk. There
is also some evidence for an inverse association
between flavonoid intake and stroke (Keli et d.
1996). Although suggestive of some protection by
flavonoids, the results of epidemiological studies are
therefore inconclusive. Recent reviews (Tijburg et al.
1997; Hollman et al. 1996a) provide more detailed
discussion.

Clinical studies have focused on the effects of
consumption of polyphenol-rich foods such as
onions, green and black tea, wine and soyfoods on
known risk factors for cardiovascular disease (CVD),
usually the levels of cholesterol and low density
lipoproteins (LDL) in plasma, as well as the ability



of LDL to withstand oxidation ex vivo, since oxida-
tion of LDL is recognised as an important process in
the initiation of atherosclerosis. For example,
McAnlis et al. (1999) showed an approximate 9-fold
rise in plasma quercetin levels to 0.73 pM following
consumption of a single meal of onions, but there
was no decrease in the susceptibility of LDL to oxi-
dation following isolation from plasma. Consump-
tion of onions also had no effect on ex vivo platelet
aggregation (Janssen et al. 1998) a mediator of
cardiovascular risk.

Black and green teas are both good sources of
catechin-related polyphenols, athough the detailed
chemical composition of the polyphenols differs
between the two. Consumption of black tea for four
weeks was shown in one study to increase the resist-
ance of LDL to oxidation (Ishikawa et al. 1997).
However, in another study, consumption of green tea
or black tea for the same period had no effect on
LDL levels nor on the resistance of LDL to oxidation
ex vivo (van het Hof et al. 1997). Similarly, con-
sumption of three cups of green or black tea daily for
three days increased plasma catechin levels to
approximately 0.3 uM and 1.0 uM respectively but
had no effect on the ability of isolated LDL to resist
oxidation. Other studies have aso failed to show an
effect of tea consumption on LDL oxidation (van het
Hof et a. 1997, McAnlis et al. 1998) or plasma
cholesterol levels (Tijburg et a. 1997).

The so-caled ‘French Paradox’ (Constant 1997)
has sparked interest in the possible role of wine and
wine polyphenols in protection against cardio-
vascular disease. However, clinical studies of the
relationship between red wine consumption and
CVD risk have aso been equivocal. For example,
consumption of a red wine phenolics extract has
been shown to increase the antioxidant capacity of
plasma but it did not change the resistance of LDL to
oxidation (Carbonneau et a. 1997), whereas con-
sumption of red wine did increase the resistance of
LDL to oxidation (Serafini et a. 1998; Miyagi et al.
1997).

A group of polyphenols in which there has been
great recent interest in relation to protection against
cardiovascular disease is the isoflavones, which are
present in uniquely high concentrations in soyfoods.
Consumption of soyfoods reduces plasma cholesterol
concentrations, particularly in individuals with high
initial levels (Anderson et al. 1995), athough the
evidence that the isoflavones play a major role is not
strong (Sirtori et a. 1997). However, consumption of
soy for two weeks increased the resistance of LDL to
oxidation ex vivo (Takkanen et a. 1998) and
genistein, one of the main soy isoflavones, strongly
inhibits oxidation of LDL in vitro (Kerry and Abbey
1998). Beneficial effects on arterial compliance in
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humans following consumption of an isoflavone
extract from soy have aso been demonstrated
(Nestel et a. 1997).

While the studies discussed above do not suggest
a strong influence of polyphenols on CVD in popula
tions overall, animal studies have provided evidence
for improvement of cardiovascular risk factors
(Tebib et a. 1994; Hayek et a. 1997) and in vitro
studies have consistently shown antioxidant
properties of polyphenols including inhibition of
LDL oxidation (Frankel et al. 1993; Rifici et al.
1999; Kerry and Abbey 1999). There are a number
of possible reasons for differences between the
results of the epidemiologica and clinical studies
and the experimental studies. Firstly, it is possible
that genetic heterogeneity masks effects in human
studies. For example, only when the results were
analysed for individual apolipoprotein-E genoptypes
was an effect of black tea consumption on the blood
coagulating factor PAI-1, a known cardiovascular
risk factor, detected (Loktionov et al. 1998).
Secondly, the influence of confounders in epidemio-
logical studies, the ability to more effectively control
animal experiments compared to human studies and
the use of higher doses of flavonoids in animal
studies compared to human studies should also be
considered. Thirdly, in vitro studies typically use
flavonoids in their aglycone forms, whereas they are
present in vivo predominantly as glucuronide and
sulphate conjugates which may have lower bio-
potencies (Manach et a. 1996). More studies are
needed to clarify the role of polyphenols in cardio-
vascular disease.

Flavonoids and Cancer

There is overwhelming evidence that regular con-
sumption of fruit and vegetables protects against
cancer (Steinmetz and Potter 1996). However, the
extent to which this protection can be attributed to
their flavonoid content is not clear. Two epidemio-
logical studies that demonstrated an inverse associa-
tion between intake of flavonoids and coronary heart
disease were unable to show any reduction in total
cancer risk (Hertog et al. 1994, 1995). A third study,
which involved a 20-year follow-up of 10 000 men
and women in Finland, did however show a strong
inverse association with the risk of lung cancer
(Knekt et a. 1997), athough other cancer sites
showed non-significant associations.

There is stronger evidence for a protective effect
of the soy isoflavones against some cancers. Intake
of soyfoods, particularly tofu, has been shown to be
inversely associated with the incidence of cancers of
the breast (Lee et a. 1991; Wu et al. 1997; Witte et
al. 1997), stomach (Naga et a. 1982; Lee et a.



1995) and prostate (Sanderson et al. 1999), athough
one study was unable to demonstrate any association
with breast cancer (Yuan et a. 1995). Animal and in
vitro studies (Sanderson et al. 1999; Record et al.
1997) suggest that the isoflavones in soy, par-
ticularly genistein, are likely to be one group of
mediators of this protection.

The epidemiological evidence of a relationship
between black tea consumption and cancer is not
strong (Kohlmeier et a. 1997). For example, per
capita intake of tea varies at least 30-fold between
countries, but there is no correlation with total cancer
incidence or cancers at individua sSites, with the
possible exception of stomach and bladder (Blot et
al. 1997). Case-control and cohort studies suggest
that there may be a modest reduction associated with
tea consumption for some cancers, but again the
relationships are not strong (Blot et a. 1997). How-
ever, many of these studies were not specifically
designed to test the effect of tea and so control was
sometimes poor resulting in confounding by other
lifestyle variables. The possible influence of genetic
factors aso needs to be considered in light of the
findings in relation to cardiovascular disease noted
earlier (Loktionov et al. 1998).

In contrast to the uncertainty of human studies,
animal studies have generaly shown protective
effects of black tea, green tea and the polyphenols
from these beverages, such as the gallocatechins and
flavonols, against a wide range of cancer types.
Many in vitro studies have also demonstrated anti-
carcinogenic and antimutagenic properties of tea and
tea flavonoids. Two recent reviews (Dreosti 1996;
Dreosti et a. 1997) have discussed the role of teain
cancer prevention. The possible reasons for the dif-
ferences between the human studies and the experi-
mental studies discussed in relation to cardiovascular
disease could also apply here.

Conclusion

In summary, epidemiological studies to date have
not generally established a strong relationship
between dietary flavonoid intake and the incidences
of cardiovascular disease and cancer in humans.
However, experimental studies continue to provide
evidence of protection and of possible mechanisms.
In a recent position statement, the American
Dietetic Association (Bloch and Thomson 1995)
concluded that ‘specific substances in foods (e.g.
phytochemicals as naturally occurring components)
may have a beneficia role in health as part of a
varied diet’ and that ‘The Association supports
research regarding the health benefits and risks of
these substances.” In the case of the polyphenols,
further studies are clearly needed to clarify their role
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in human health. These studies should focus on the

need for:

e more accurate and comprehensive values for
content of the entire spectrum of polyphenals in
foods;

¢ comprehensive databases of the polyphenol con-
tent of foods;

e more information on absorption and metabolism
of polyphenolsin humans;

e more biomarkers of cancer and cardiovascular
disease for use in human studies; and

* more studies in which the responses of individual
genotypes rather than entire populations are
examined.
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Free and Bound Tannin Analysisin Legume Forage

E. Winat, B. Tangendjajat and B. Palmer?

Abstract

Many methods have been developed to analyse tannins. One of the methods that use a tannin
biological character is a protein precipitation method using bovine serum albumin. The method, so
far, only measured the extractable tannin. It was modified so that it measured not only extractable
or free tannin but aso tannin that bound to protein or fibre. The free tannin was analysed from
acetone fraction and bound tannin was extracted by heating the residue with phenol to dissolve
protein and released protein-bound tannin and further heating with 0.1 N HCI released fibre-bound
tannin. Those tannins were then analysed by protein precipitation using bovine serum albumin. A
recovery test of this method found that only 80% of protein-bound tannin was recovered, but 100%
of fibre-bound tannin was recovered. Comparison of the modified protein-precipitation method to
the Butanol-HCI method to determine tannin content in some legumes is discussed.

THERE ARE many methods of analysis for tannins
and the results vary considerably due to the diversity
of the chemical structures of these compounds.
Several methods are based on the ability of tannins
to form coloured complexes with some cations or
other entities which are then quantified by colori-
metry, i.e. Vanillin-HCI (Price et a. 1978), Folin-
Ciocalteau (Singleton and Rossi 1965), n-Butanol
HCI (Porter et al. 1986; Terrill et a. 1992). Other
methods are based on the ability of tannin to com-
plex with protein, e.g. the precipitation method using
bovine serum abumin (BSA) (Hagerman and Butler
1978) or precipitation methods using haemoglobin
have al been commonly used. It is very difficult to
compare the value of tannin measured by these dif-
ferent methods because of the different reaction
processes.

A modified method of Butanol-HCI developed by
Terrill et al. (1992) described a fractionation pro-
cedure to separate not only free tannin but also bound
tannin into either protein or fibre. The final determi-
nation was carried out colorimetrically using Butanol
HCI (Bu-HCL). The potential usefulness of this frac-
tionation method was quickly recognised and
followed by many scientists. However, since a
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protein precipitation method is based on the ability of
tannin to precipitate protein, which is more related to
its biological value, the development of a procedure
using this method combined with a fractionation pro-
cedure was identified as an objective in this paper.

Materials and Methods
Materials

1. Tannin was isolated from freeze-dried Calliandra
calothyrsus according to Hagerman and Butler
(1980) and used as a standard tannin.

2. Cdliandra samples and other legumes were
provided by B. Pamer (CSIRO Townsville,
Australia).

Methods

Tannin analysis was conducted:

1. By the Butanol-HCI method (= Bu-HClI; Terrill et
al. 1992): tannin was extracted by 70% acetone
containing 0.1% acetone followed by diethyl
ether extraction after acetone was evaporated. The
rest of the procedure was the same as that of
Terrill et al. (1992).

. By a modified protein-precipitation method: the
tannin extraction procedure was modified so that
it could measure free, protein-bound and fibre-
bound tannin. The precipitation using BSA and
the colouring reaction using FeCl3 followed the
method of Hagerman and Butler (1978).

KEYWORDS: Tannin, Analysis, Legume
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Extraction of free, protein-bound and fibre-
bound tannin (modified protein-precipitation
method = P-P)

Duplicate 500 mg of dried-milled samples were
extracted with 20 mL of 70% acetone containing
0.1% ascorbic acid in a McCartney bottle by rotating
the bottle for 150 minutes. After centrifugation at
3000 r/min for 10 minutes, the supernatant was
separated and the solid residue was dried in the oven
at 60 °C for two days. Ten mL of diethyl ether was
added to the supernatant (3 x) to remove pigments.
The upper layer was removed and the lower layer
(agqueous solution) was rotary evaporated at 40 °C to
remove traces of solvent. The solution was centri-
fuged to remove non-tannin debris and the super-
natant was taken and made up to a volume of 10 mL
with distilled water and contained ‘free tannin’.

One hundred (100) mg of dried solid residue after
acetone extraction was put in a test tube. Water (5
mL) and liquid phenol (3 mL) were mixed with the
solid residue by vortex mixer. The tube was covered
with a marble and place in a water bath at 95 °C for
two hours. After extraction, the tube was centrifuged
at 3000 r/min for 10 minutes. The agueous (top)
layer was separated, leaving the phenol layer and the
residue. Diethyl ether (5mL) was added to the
aqueous layer to get rid of phenal (2 x). The aqueous
layer was rotary evaporated to remove the solvent
and this solution contained ‘ protein-bound tannin’.

The phenol layer was removed from the residue
and the residue left in the test tube was washed with
diethyl ether (2 x 5 mL). The residue was left in the
fume cupboard until the smell of ether could not be
detected. Ten mL of 0.1 N HCI was added to the
residue. The tube was covered with marble and
placed in a water bath at 95 °C for four hours. After
extraction and cooling, the tube was centrifuged at
3000 r/min for 10 minutes. The supernatant con-
tained *fibre-bound tannin’.

One mL of each solution containing free or
protein-bound or fibre-bound tannin was precipitated
by one mL of BSA (2 mg/mL) followed the method
of Hagerman and Butler (1978).

Results and Discussion

The modification of the protein precipitation method
was in the extraction procedure. The extraction pro-
cedure was extended to extract not only free tannin
but also the protein-bound and fibre-bound tannin.
Extraction of protein-bound tannin used phenol as it
has been suggested by Hagerman and Butler (1980)
that phenol could dissolve the protein so that the
binding of tannin-protein was broken. The tempera-
ture and time of extraction with phenol were
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previoudly tested so that 95 °C and two hours were
the optimum conditions for extraction.

A recovery test was carried out on this modified
method. Tannin-BSA was used as the standard of
protein-tannin complex while tannin-xylan was used
the standard of fibre-tannin complex. Xylan was
found to be reactive to tannin compared to other
carbohydrate (Wina, unpublished).

Table 1. Recovery test of the modified tannin analysis.

Tanninisolate Treatment Measured Percentage
=TI tannin,  recovery
(3 mg/mL) mg
TI Heated in phenol 3.04 101
TI+BSA Heated in phenol 2.37 79
TI Heated in 0.1 N HCI 1.01 33
Tl+xylan Heated in 0.1 N HCI  3.28 109

Table 1 shows that there was no degradation of
tannin when tannin in the free form was heated in
phenoal (the recovery of tannin reached 100%). How-
ever, when protein (BSA)-tannin complex was
heated in phenol, the recovery of tannin reduced to
79%. This indicates that tannin itself could not be
destroyed in heated phenol and some protein-tannin
complex could not be degraded by heated phenal.

Extraction of fibre-bound tannin used 0.1 N HCI
as Terrill et al. (1992) previously used the same acid
to release bound-tannin from the residue. Table 1
also shows that there was a bhig loss when tannin
isolate was heated in 0.1 N HCl (33% recovered).
The same phenomena occurred when other phenolic
acids were heated in 1IN HCI (stronger concen-
tration) for 30 minutes, that the losses varied from
15.1% to 91.7% (Krygier et a. 1982). Interestingly,
when fibre (xylan)-tannin heated in 0.1 N HCI, a
complete recovery of tannin was obtained. It seems
that once tannin bound with fibre, it was more stable
in heated acid than when it is aonein the acid.

The modified protein precipitation method (P-P)
was then compared to Butanol-HCl (Bu-HCI), a
slight modification of the Terrill et al. (1992) method
to measure free, protein-bound and fibre-bound
tannins in legumes (Table 2). The result shows that
P-P gave much lower values in free, bound or total
tannin compared to the Bu-HCI method. The prin-
ciple of the reaction of each method may explain the
different values. The P-P method is based on the
ability of tannin to bind to protein; therefore, it
depends on the number of binding positions in the
polymer of the tannin. The Bu-HCl method is based
on the formation of cyanidin from the depolymerisa-
tion of the tannin molecule (Haslam 1981); there-
fore, it depends on the number of monomers that are
released from the tannin polymer to react with H*
ions to form cyanidin (pink colour). Therefore, the



positions or places for binding the protein in the
polymer tannin would be limited whereas the for-
mation of cyanidin would be much more abundant.

Most of the tannins that precipitated protein were
free or extractable tannins. This can be seen from the
higher values of free tannins. Actualy, Jackson et al.
(1996) aso found the same phenomena with the Bu-
HCI method, that 70-95% of tannins were in the free
or extractable form, except for those from Flemingia
and Gliricidia forages. Therefore, the significant
effect of the tannin will be certainly due to the
amount of extractable tannin in the forage.

The difference between these two methods was
evident when analysing the protein and fibre-bound
tannin of Gliricidia (Table 2). Protein-bound and
fibre-bound tannins measured by Bu-HCl were
extremely high compared to those measured by P-P
(15.4%, 10.3% vs 0.3%, 0.7%, respectively). The
explanation might be that Bu-HCI might measure
other compounds which have lost their ability to pre-
cipitate protein. Using the Bu-HCI method, Jackson
et al. (1996) aso reported that there was tannins in
Gliricidia and al of them were protein-bound
(3.7%). A much lower value was obtained when a
different standard used. This analysis used tannin
isolated from Calliandra calothyrsus, while Jackson
et al. (1996) used tannin isolated from Lotus pedun-
culatus as a standard.

The implication is that one must be careful inter-
preting the tannin values or comparing tannin values
from various laboratories because of the different
methods or standards used.

Perez-Maldonado (1994) suggested that as the
Butanol-HCI method could not determine tannin in
biological matrices (such as urine, rumen content
etc.), developing methodologies to do it was a
necessity. The modified precipitation method is con-
sidered appropriate for further studies.

Palmer (1997) reported that free or extractable
tannin values of 26 provenances of Calliandra
measured by the P-P method had a higher correlation
between freeze-dried and oven-dried (0.87**) com-
pared to those of Bu-HCI (0.83**). However, with
dry matter digestibility of fresh material, free tannin
values measured by P-P showed a significantly high
negative correlation (—0.80**) but not with those
measured by Bu-HCl (-0.53*). This indicates that
tannin values by the P-P method can describe
nutritive values related to digestibility of forage
better than those by the Bu-HCl method.

When the two methods were conducted in the
same laboratory for the same Calliandra dried
aerobically at different temperature, Wina et al.
(these proceedings) found a high correlation of
tannin values between P-P and Bu-HCl methods
(r=0.98, 0.88, 0.90 and 0.76 for free, protein-bound,
fibre-bound and total tannin, respectively). The
result shows that either the P-P or the Bu-HCI
method can be used to analyse tannin in Calliandra
(Table 3). Perhaps this is due to the tannins in
Calliandra consisting mostly of condensed tannins.
The correlation might be different if analysing other
forages containing high hydrolysable tannin.

Table 2. Free and bound tannin contents (% DM) in legume measured by protein precipitation and Bu-HCI methods.

Tannin in Calliandra

Tannin in Gliricidia

Tanninin L. diversifolia

Free Protein Fibre Tota Free Protein Fibre Total Free Protein Fibre  Tota

bound bound bound bound bound bound
PP* 7.1 15 1.0 9.6 0 0.3 0.7 1.0 2.3 0.3 0.6 3.2
Bu-H 134 2.8 52 21.4 16 154 10.3 27.3 13.2 4.8 10.4 28.4

* PP = protein precipitation method, Bu-H = Butanol-HCI method.

Table 3. The tannin values (%) in Calliandra dried at different temperatures measured by two methods.

Temperature Free tannin Protein-bound Fibre-bound Total tannin
(°0)
P-P Bu-HCI P-P Bu-HCI P-P Bu-HCI P-P Bu-HCI
25 13.01 23.36 0.65 3.29 144 2.76 15.10 2941
45 11.53 21.54 0.76 3.44 191 3.10 14.20 28.08
65 9.85 18.56 114 3.93 2.35 3.40 13.34 25.89
85 8.91 18.32 112 4.86 2.99 5.05 13.02 28.23
105 7.43 14.59 1.58 4.99 3.06 6.62 12.07 26.20
R 0.98 0.88 0.90 0.76




Conclusion

The modified tannin analysis using the protein pre-
cipitation method (P-P) can be applied for forage
analysis. Compared to the Butanol-HCI method (Bu-
HCl), tannin values measured by P-P were aways
lower. A high correlation was obtained between Bu-
HCl and P-P when analysing the same Calliandra
leaves dried at a series of temperatures. But the
major considerations to use when choosing an appro-
priate tannin analysis are the simplicity and accuracy
of the method, the costs of the analyses and the
relationship between the tannin result and biological
value of the forage.

Acknowledgments

These experiments were supported by the ACIAR
Project No ASI/1993/018. The grateful appreciation
of the authors is extended to Farida Hartati, Sri
Rahayu and Ade Hesti for their help.

References

Hagerman, A.E. and Butler, L.G. 1978. Protein precipita-
tion method for the quantitative determination of tannins.
J. Agric. Food and Chem., 26: 809-812.

Hagerman, A.E. and Butler, L.G. 1980. Condensed tannin
purification and characterisation of tannin associated
proteins. J. Agric. Food and Chem., 28: 947-952.

95

Haslam, E. 1981. Vegetable tannins. In: Stumpf, P.K. and
Conn, E.E. ed. The Biochemistry of Plants, a Compre-
hensive Treatise Vol. 7, Chapter 18: 527-556, Academy
Press.

Jackson, F.S., Barry, T.N., Lascano, C. and Pamer, B.
1996. The extractable and bound condensed tannin
content of leaves from tropical tree, shrub and forage
legumes. J. Sci. Food Agric., 71: 103-110.

Krygier, K, Sosulski, F. and Hogge, L. 1982. Free, esteri-
fied and insoluble-bound phenolic acids. 1. Extraction
and purification procedure. J. Agric. Food Chem.,
30: 330-334.

Pamer, B. 1997. Improved ruminant production through
the efficient use of tannin containing shrub legumes.
ACIAR Annual Report 1996-1997.

Perez-Maldonado, R.A. 1994. The chemical nature and bio-
logical activity of tannins in forage legumes fed to sheep
and goats. PhD Thesis, Department of Agriculture, The
University of Queensland, 1994.

Porter, L.J., Horstich, L.N. and Ghan, B.G. 1986. The con-
version of procyanidins and prodelphinidins to cyanidin
and delphinidin. Phytochemistry, 25: 223-230.

Price, M.L., Scoyoc, S.C. and Butler, L.G. 1978. A
critical evaluation of the vanillin reaction as an assay
for tannin in sorghum grain. J. Agric. & Food Chem.,
26: 1214-1218.

Singleton, V.L. and Ross Jr., JA. 1965. Colorimetry of
total phenolics with phosphomolybdic-phosphotungstic
acid and reagents. American Journa of Enology and
Viticulture, 16: 144-143.

Terrill, T.H., Rowan, A.M., Douglas, G.B. and Barry, T.N.
1992. Determination of extractable and bound condensed
tannin concentrations in forage plants, protein concen-
trate meals and cereal grains. J. Sci. Food Agric.,
58: 321-329.



Analysis of Free, Soluble and Insoluble Bound Gallic Acid
in Calliandra calothyrsus

E. Winat, B. Tangendjaja! and B. Palmer2

Abstract

The presence of condensed tannin in legumes was commonly reported but not with hydrolysable
tannin. Gallic acid which was a monomer of hydrolysable tannin was determined by HPLC from
three fractions of Calliandra leaves. Those were ethyl acetate fraction containing free gallic acid,
acid hydrolysis of agueous fraction containing soluble-bound gallic acid and acid hydrolysis of
residue fraction containing insoluble-bound tannin. The content of free gallic acid varied (less than
2700 ppm). The presence of soluble bound gallic acid in the agueous fraction indicated the
presence of hydrolysable tannin in Calliandra but the amount of it varied (0-0.28%). Insoluble
bound gallic acid in the residue was hardly found in Calliandra. The significance of low hydrolys-
able tannin content in Calliandra must be low compared to condensed tannin in affecting the

nutritive value of Calliandra.

METHODS to measure the hydrolysable tannins in
legume leaves are limited. Inoune and Hagerman
(1988) reported measurement of hydrolysable tannin
using a colour reaction with Rhodamine. Gallic acid
is recognised as a monomer of hydrolysable tannin,
so the presence of free and bound gallic acid would
indirectly indicate the presence of hydrolysable
tannin. Calliandra has been reported to have very
high tannin content, varying between 8% and 20%
(Wina and Tangendjaja these Proceedings) but the
presence of hydrolysable tannin in Calliandra has
never been reported. Hydrolysable tannin was
reported to be toxic to animals.

Murdiati et a. (1990) reported that there was
necrotic damage to the liver of sheep fed with
Climedia hirta containing very high hydrolysable
tannin. A method of fractionation and measuring free
and soluble bound and insoluble bound phenolic
acids followed by HPL C identification and measure-
ment had been developed by Wina (1988). A modifi-
cation of this method was developed and is the
objective of this paper. In addition, the analysis of
rumen liquor, faeces and urine from each goat fed
Calliandra using this method was also carried out.
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Materials and Methods
Materials

Cadliandra samples in dried milled form were pro-
vided by Pamer (CSIRO, Townsville, Australia).
Rumen liquor, faeces and urine from each goat fed
grass and Cadliandra were obtained from the
ruminant complex at Research Ingtitute for Animal
Production, Bogor, Indonesia.

M ethods

1. Gdllic acid analysis was carried out by the HPLC
method (Wina 1988); the extraction procedure
was modified so that it could measure free,
soluble-bound and insoluble-bound gallic acid.
Each fraction was then injected following the
method of Wina (1988).

2. Totad phenol analysis was carried out by the
method of Titto (1985) to measure acid- hydrolysed
aqueous fraction (soluble-bound phenol) and acid-
hydrolysed insoluble fraction (insoluble-bound
phenal).

Extraction of free, soluble-bound,
insoluble-bound gallic acid

Duplicate 500 mg of dried-milled samples were
extracted 20 mL of 70% acetone containing 0.1%
ascorbic acid in a McCartney’s bottle by rotating the

KEYWORDS: Gallic acid, HPLC method, Calliandra cal othyrsus



