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ABSTRACT

The objective of the study was to compare a viscosity of water extracts of a range of commercial
rye grain grown in Poland and to check if it correlates with weight of grain and protein and fibre
contert. In 22 samples of rye from north-eastern regions of Poland the grain weight was measured
and content of crude protein determined. Samples of rye were incubated with sodium acetate buffer
(WEV), or in conditions imitating in vitro digestion process - IVA (HCl-bicarbonate) and [VB (pep-
sin-HC]I, pancreatin-bicarbonatc) and viscosity of subsequent water extracts was measured. The range
of cbtained values was from 2.4 to 15.8 ¢P for WEV, from 13.6 to 240 ¢P for IVA and from 17.8 to
242 ¢P for FVB. Amongst viscosity values obtained by three metheds was close correlation. They
were not corrclated with grain weight, but ail were negatively correlated with crude protein content
(r=-0.54,-0.58 and -0.62 for WEV, IVA and [VB, respectively, P<{.01), The last 2 viscosity values
were also corretated with insoluble fibre content (r = 0.80; P<0.05) in rye grain.
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INTRODUCTION

Winter rye performs well under soil and weather conditions of north-eastern
Poland, where other crops may perform poorly. Rye grain contains pentosans, found
in the endosperm cell walls, which solubilize during digestion process forming
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solutions of high viscosity. High viscosity of digesta reduces the rate of digestion
and assimtlation of nutrients, amongst others fat and cholesterol (Smulikowska
and Mieczkowska, 1996). This effect may be considered as favourable in adult
humans (Rakowska, 1996), however strongly impedes the acceptance of rye grain
as a feedstulf for chickens and young pigs. Viscosity of water extracts of rye is
influenced by genotype and environment (Gan et al., 1997) and correlates nega-
tively with nutritive value of grain for young chickens (Campbell et al., 1991,
McLeod et al., 1996; Boros and Bedford, 1999) and pigs (Thacker et al., 1999).
McLeod et al. (1996) found, that in chickens lowering the digesta viscosity by
pentosanase supplementation of rye-based diets was more effective in improving
performance than feeding cultivar having an equivalent viscosity. However McLeod
etal. (1996) as well as Boros and Bedford (1999) suggesied a combination of the
two approaches - breeding rye for low viscosity and using enzymes - as most effi-
cient.

The purpose of the study was to compare viscosity of water extracts of a range
of commercial rye grain grown in Poland and ta check if it correlates with weight
of grain and protein and fibre content.

MATERIAL AND METHODS

Twenty two samples of rye grain from 1996 harvest year were collected from
farmers at north-eastern regions of Poland. Sixteen of them represented the most
popular in Poland cultivar Dankowskic Ztote, two Dankowskie Nowe, two Motto
and one Warko cultivar. Cultivar of one sample was not identified by a producer.
Grain weight was estimated as a weight of 1000 seeds.

One hundred gram of grain was ground using a cyclone mill fitted with 0.5 mm
screen and placed in plastic jars, which were kept open for 48 h to equilibrate the
moisture content. Samples were analysed for dry matter and crude protein (N x 6.25)
content according to AOAC (1990) and used for viscosity measurements.

Water extract viscosity (WEV) was dctermined according to modified method
of McLeod et al. (1996). One gram of ground sample was mixed with 5 ml of
sodium acetate buffer (pH 5.0) for | min. Tubes were sealed with a stopper, incu-
bated for 30 min at 40°C in a shaking water bath and immediately centrifuged
(10 min, 12000 x g} in a Beckman centrifuge (model J2-21) kept in temp. 4°C. The
supernatant was decanted carefully and stored on ice until viscosity was deter-
mined. Viscosity of supernatant was determined using a Brookfield Digital cone/
plate viscometer (model LVDV 11+, Brookficld Enginecring Labaoratorics,
Stoughton, MA, USA). The viscometer was maintained at 40°C by connecting the
sample cup to a water bath, shear rates were from 90 to 225 s, Viscosity was
expressed in centipoise (cP=1mPas-s). Six samples were tested in each incubation
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to aveid a possible decline in WEV with time caused by endogenous cnzymes.
Triplicate analyses for each sample were determined in separate runs.

In vitro viscosity (I1V) was determined according to modified mcthod of Bed-
ford and Classen {1993) without (sample A) or with (sample B} addition of pepsin
and pancreatin, One gram of ground grain was placed in duplicate tubes. Then
3 mi 0.1 N HCI solution was added to the sample A (IVA) and 3 ml 0.1 N HCI
solution containing 2,000 U pepsin/ml (Merck catalogue no.1.07190) was added
to the sample B (IVB). The content was mixed for 1 min, tubes were scaled with a
stopper and incubated for 45 min in a shaking water bath at 40°C, thereafter 1 ml
of 1 M NaHCO, solution to sample A and 1 ml of I M NaHCO, solution contai-
ning 4 mg of pancreatin to sample B was added. The content was mixed, tubes
were sealed and incubated further for 2 h in a shaking water bath at 40°C. Tubes
were removed from the bath, cooled in ice and immediately centrifuged as was
described above, viscosity of supernatant was measured at shear rates from 4.5 to
90 s''. Each pair of samples was analysed in duplicate in separate runs.

Eight samples covering the whole range of measured WEV were analysed for
insoluble (IDF) and soluble (SDF) dietary fibre by the gravimetric method of Asp
et al. (1983).

Data were analysed statistically with the use STATISTICA PL program. Sig-
nificance of differences between three methods of viscosity measurement was tested
by Kruskal-Wallis test (Stanisz, 2001).

RESULTS AND DISCUSSION

The obtained results were shown in Table 1. A relatively small number of new-
er cultivars was represented among collected samples, old cultivar Dankowskie
Ztote dominated, so comparison between cultivars i1s not fully justified. It seems
however, that differences between rye of the same cultivar grown in different loca-
tions were bigger than differences between cultivars (Table 1). Grain weight ranged
from 22 to 33.8 g per 1000 seeds (Table 1) and was not significantly correlated
with crude protein content in grain or with any viscosity measurements (Table 2).
In set of rye samples evaluated by McLeod et al. (1996) grain weight was nega-
tively correlated with WEV of'the rye samples, however the range of grain weights
presented in that paper was broader (from 24,5 to 44.5 g per 1000 seeds).

Water extract viscosity ranged from 2.36 to 15.83 cP (Table 1), the range was
narrower than reported by McLeod et al. (1996) who found in Canadian rye WEV
from 0.8 to 26.9 cP. Viscosity values measured after incubation of samples with or
without proteolytic enzymes were much higher {P<0.0001) and more diversified
(Table 1). [VA ranged from 13.6 to 240 cP, [VB from 17.8 to 242 cP. However
WEYV was significantly correlated both with IVA and IVB (Table 2). The great
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TABLE 1
The grain weight, g/1000 grains, crude protein content, g/kg DM, viscosity of water extract (WEV)
and in vitro without (IVA) and with (IVB) addition of proteolylic enzymes, dietary fibre content:
soluble (SDF), insoluble (IDF) and total (TDF) in g/kg DM, in rye grain

Sample Cultivar Grain ~ Crude Viscosity, cP Dictary fibre

no weight  protcin WEV IVA [IVB SDF IDF TDF
1 Motto! 26.8 94.2 793 1088 1273

2 Motto* 28.1 895 10112 1153 1246

3 Dankowskic Nowe!  27.9 826 11.24 1479 1935

4 Dankowskiec Nowe® 22.8 779 1583 2402 2424

5 Warko® 292 778 1210 967 1016

6 Unknown’ 29.2 93.0 .14 102.0 1226

7 Dankowskic Zlote'  31.1 1004 6.72 45.6 521 671 1290 196.1
8 Dankowskie Zlote? 244 1066 10,69  133.1 1355

Dankowskie Ziote®*  30.7 87.7 6.52 429 46.0 634 1335 1969
10 Dankowskie Zlote? 33.8 75.7  12.07 86.5 86.6 56.0 1313 1873
11 Dankowskie Zlote? 304 76.8 936 1588 1957
12 Dankowskie Zlote? 292 80,7 13,50 2025 2435 526 1488 2014
13 Dankowskie Zlote®  30.8 76.4 6.50  115.1 153.0
14 Dankowskie Ziote®  26.1 83.1 8.45 99.6 186.6
15 Dankowskic Ziote* 254 1.5 9.85 67.7 70.5  61.7 1394 201.1
16 Dankowskie Ziote® 257  102.3 2.36 13.6 17.8
17 Dankowskie Ziote® 25.6 96.5 10.70 85.6 97.8
18 Dankowskic Ztote®  27.8 992 3.87 27.1 26,6 38,9 1356 1745
19 Dankowskie Ztote®* 29.6 97.8 6.12 49.0 44.1
20 Dankowskie Zlote*  30.7 89.8 5.90 78.6 78.9 655 1348 2003
2] Dankowskie Zlote?  22.0 912 8.94 90.1 932
22 Dankowskie Ztote™® 229 103.2 7.96 61.9 66.9

b=}

Mean 27.7 89.7 8.86 98.1 110.8 579 1361 1939
Median 8.69%  94.8% 997%™
sD 3.1 9.7 3.14 533 60.8 9.8 6.5 9.8

110 guperscripts indicates on the Agriculture Extension Centre {from where the rye sample was sup-
plied; each sample originated from different farm in vicinily of a Centre: 1 - Bratoszewice,
2 - Siedlee, 3 - Stare Pole, 4 - Olsztyn, 5 - Olecko, 6 - Bonin, 7 - Ostrotgka, 8 - Modliszewice,
9 - Poswietne, 10 - Lubniewice

®AB _ the median values of viscosity measurement were different at * - P<0,05; AP - P<0,001

numerical differences between the average value of viscosity measured as WEV
and IVA and IVB may be connected with the higher proportion of sample to the
liquid and longer time of incubation in the in vitro methods. Annison (1995) showed,
that in dilute solutions viscosity increases linearly with a concentration of the vis-
cous molecules, but beyond critical concentration, when molecules begin to inter-
act and become entangled viscosity increases at a greater rate.
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TABLE 2

The caleulated correlation between rye extract viscosity and some grain characteristics

WEV IVA IVB Grain - Crude - gpyp

weight protein

VA 0.816%**
IVB 0.698%** 0.93g4%**
Grain weight -0.152 -0.152 -0.134
Crude protein -0.53]%* -L57G%* -0.619%* -0.398
SDF 0.061 -4.050 0.005 0.263 -0.021
IDF 0.539 0.7909% 0.777* -0.509 -0.332 -0.327

WEV - water extract viscosity, IVA, IVB - viscosity of extract after in vitro digestion,
SDF - soluble-, IDF - insoluble dictary fibre; * P<{,05; ** P<{.01; *** P<0.001

It seems that in vitro method proposed by Bedford and Classen (1993) as a
rapid screening method for enzyme sources selected for use in poultry rations may
be also useful for predicting viscosity of different samples of rye and its usefulness
in poultry and swine diets. The more diversified values obtained by this mcthod
(Tabie 1) may allow for easier screcning for grain quality.

The samples having the most diversified WEV were chosen for dietary fibre
determination. The content of soluble dietary fibre in grain ranged from 39 to 67 g/
kg DM, insoluble dictary fibre ranged from 129 to 150 g/kg DM; in total from 175
to 200 g/kg DM of rye grain was determined as dietary fibre (Table 1). The respec-
tive values reported by Boros and Bedford (1999) for 4 rye hybrids selected in
Institute of Plant Breeding and Acclimatization at Radzikoéw (Poland) werc lower,
SDF ranged from 39 to 47, IDF from 106 to 119, TDF from 147 to 158 g/kg DM,
Contrary to Boros and Bedford (1999) in present investigation SDF content was
not significantly correlated with WEV (Table 2). It was found however that [DF
content is positively corrclated with IVA and [VB (Table 2).

The significant positive correlation of VA and IVB with insoluble dietary fibre
content in grain indicates, that during rclatively long time of incubation in condi-
tions similar to thosc in gastrointestinal tract of monogastric animals, some dietary
fibre components of rye determined chemically as insoluble are solubilized, in-
creasing the viscosity of solution. The proteolytic enzymes added into incubation
medium in about 70% of samples had no significant effect on viscosity of extract,
however in about 30% of evaluated samples the differcnce between IVB and IVA
was relatively big, the difference between mean [VA and [VB values was statisti-
cally significant at P<0.05. IVA was strongly correlated with IVB (Table 2).

Crude protein content averaged about 90 and ranged from 76 to 107 g/kg DM,
Crude protein content in grain was not significantly correlated with soluble or
insoluble dietary fibre content, but it was significantly negatively correlated with
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all viscosity measurements (Table 2). It mcans that pentosans in low protein rye
are more viscous, so such rye not only supplies less amino acids but may additio-
nally disturb digestion and absorption of other dietary components in young ani-
mals due to more viscous property of water-soluble polysaccharides. The strong-
est negative correlation of crude protein content with [VB may indicate that in
grain of the lower protein content proportionally more protein are bound with
dietary fibre components making the complexes insoluble. Enzymatic digestion of
protein present in this complexes may cause release and further solubilization of
the bigger amount of viscous components of dietary fibre. Rakowska (1996) sug-
gested that, when breeding for improvement of feed quality of rye, selection of
inbred lines should be performed for lower water extract viscosity and for higher
protein content. It scems that this suggestions are fully justified.

In practical conditions the crude protein content in rye grain may be good indi-
cator of nutritional value of rye for young animals. Negative correlation between
crude protein content in rye grain and viscosity of extracts obtained after digestion
in vitro indicates, that low protein rye, due to high viscosity, may to the greater
extent disturb digestion and absorption of dietary components in young animals
than high protein rve.
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STRESZCZENIE

Zmicnnosc lepkosci wodnego ekstraktu ziarna Zyta pochodzgcego z polnoeno-wschodaich re-
jonoéw Polski

Celem pracy bylo poréwnanie lepkosei ekstraktow wodnyceh z zyta roznych odmian uprawianych
w Polsce i sprawdzenic czy jest ona skerclowana z nicktérymi cechami ziarna. W 22 probkach zyta
pochodzacego z polnocno-wschodnich rejonéw Polski zmicrzono masg zianyakow i oznaczono za-
wartos¢ biatka ogdlnego. Probki inkubowano z buforem octanowym (WEV} lub in vitro w warun-
kach imitujacych poczgtkowe stadia trawicnia u zwicrzat monogastrycznych: [VA (kolejno z roztwo-
rami HCLi NaHCO,) lub IVB (kolejno z roztworami HCl-pepsyna : NaHCO, -pankreatyna), po czym
mierzano lepkosdé ekstraktu wodnego. Zakres otrzymanych wartosct dla WEV wynosit od 2.4 do
15,8 ¢P, dla IVA od 13,6 do 240 CP, dla 1VB od 17,8 do 242 ¢P. Wartosci lepkosci ekstraktow
otrzymane przy uzyciu wszystkich meted byly dodatnio skorelowane migdzy soba, a ujemnic z za-
wartoscig biatka ogolnego w ziamie zyta (r=-0,54, -0,58 1 -0,62, odpowiednio dla WEV, IVA i [VB;
P<0,01}. Ostatnic dwic wartosci byly dedatnio skorclowanc z zawartoseig nierozpuszezalnego widk-
na pokarmowego (r=0,80; P<0,05) w ziarnie zyta,



