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The effects of a commercial food-grade xylanase on the physicochemical properties of psyllium were
evaluated. The enzymatic reactions were conducted in solid state at ambient temperature. The
enzyme-treated psyllium preparations were analyzed and compared with the starting psyllium for
their water-uptake properties, gelling capacities, soluble and insoluble fiber contents, and surface
structures. The solid-state xylanase treatment significantly reduced both water-uptake and gelling
capacities of psyllium (p < 0.01), with a slight decrease of soluble fiber content, whereas no effect
on insoluble fiber content was observed. The xylanase treatment also resulted in a smoother surface
structure of psyllium particles. In addition, no special equipment and operation were required to conduct
the enzymatic reaction, which generated no waste. These data indicated a potential to improve the
physicochemical properties of psyllium by use of the solid-state xylanase reactions to promote the
utilization of psyllium fiber in functional foods for promoting human health.
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INTRODUCTION (7). In addition to its cholesterol-lowering activity, psyllium
Dietary fiber has showed protective effects against a range M&Y also exhipit Iaxativg .effects, reduce the risk of golon can-
of chronic diseases including coronary heart disease®)( cer, treat gastric hypoacidity, and may be used for weight control

Coronary heart disease (CHD) is a major cause of morbidity (8—11).
and mortality for both men and women, with an estimated cost However, the strong water uptaking/absorbing and gelling
of $50-100 billion annually in the United States alon®).( properties of psyllium make it a real challenge to incorporate
Lowering total and low-density lipoprotein (LDL) cholesterol  psyllium in food/beverage formulas at the level required to have
levels is considered to be an important strategy to reduce thea health claim on label. In addition to its undesirable function-
risks of CHD, since there is a positive association with elevated alities in food formulation and processing, an unpleasant slimy
LDL cholesterol level and CHD riskgl). According to National mouth feeling and an undesirable flavor characteristic are also
Cholesterol Education Program (NCEP) criteria, there are morerelated to these properties. To promote the application of
than 60 million adult Americans that still need cholesterol- psyllium in foods or other consumer products, it is hecessary
lowering dietary treatment to reduce total serum cholesterol andto improve its functional/biological/sensory properties.
LDL cholesterol 8, 5). Dietary fibers, mainly water-soluble There have been many efforts to improve the physicochem-
fiber, are widely accepted for lowering total and LDL cholesterol jcqi/functional/sensory properties of psyllium by physical/
Ievels.. o i mechanical means. These included coating and granulating
Psyllium, a mucilaginous material prepared from the seed psyllium to improve its water dispersibility (62), preparing
husk from the plants dPlantagogenus, is an excellent source  gyirydes of psyllium blended with other food ingredients (13),
_of both.solu.ble and msoluble flb_ers. The soluble fiber content changing the pH or adding an edible acid, and mixing with sugar
in psyllium is approximately 8 times greater than that of oat gy These previous investigations have indicated the potential
bran €). In 1998, the U.S. Food and D.rL.Jg Admlnlstr_anon (FDA) possibility of improving the physicochemical/sensory properties
appr_oved that food prod_ucts containing a certain amount of of psyllium to promote its applications in foods. However, none
psyllium may have a claim of cholesterol-lowering effects on of them could sufficiently solve the strong gelling and extreme

Fhe|r tl'abfls'.(hA hnurnrl?ebr of fitud;es klllr?\ve begnt COﬂdIL:ICt?d to water-uptake problems of psyllium. No structural modification
investigate the nea ENEnts of psylium and I1S applications ¢ nean conducted to improve the functional properties of

in food and other consumer products such as hair-setting IotlonsIDSyIIium until Yu et al. 6) disclosed a method to produce novel

) ) — . psyllium preparations with improved sensory properties, reduced
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cannot be commercialized because a freeze-dry procedure had
to be involved to remove water from the rubbery gels of the b I %
final reaction products (6).

In the present study, the effects of a commercial xylanase on
the gelling and water-uptaking properties of psyllium were
evaluated by a solid-state reaction procedure. This procedure 084
requires no special equipment or operation and therefore could 1
be easily scaled up for commercial production. In addition, no e E
hazardous wastes are generated through the solid-state reaction
process. 9

MATERIALS AND METHODS

Psyllium husks (95% purity, 40 mesh) were kindly provided by the
Bio-Products Co. (Joliet, IL), while the xylanase (Shearzyme 500L)
used in this research was a gift from Novo Nordisk Biochem North 0
America, Inc. (Franklinton, NC). All other chemicals and solvents were
the highest commercial grade and used without further purification. Xylanase Units

Preparation of Xylanase-Treated Psyllium.A certain amount of . .
xylanase was mixed into psyllium powder to start the solid-state Figure 1. Effects of xylanase treatment on water uptake by psyllium.
enzymatic reaction, with the reaction mixture appearing as powdered Bars marked 0, 24, 48, 72, and 120 represent the final xylanase levels
solid. The tested final concentrations of xylanase were 0, 24, 48, 72, of 0, 24, 48, 72, and 120 units/g of psyllium in the solid-state reaction
and 120 units/g of psyllium. The reaction was conducted at ambient mixtures, respectively, while Psy represents commercial psyllium, the
temperature for up to 120 h and terminated by inactivating the enzyme. starting material. Vertical bars represent the standard deviation of each
The enzyme was inactivated by microwaving the reaction mixture for data point.
2 min in a commercial microwave oven (Sanyo Super Showerwave).

The final product of the solid-state reaction was obtained after grinding i : < : ;
the material through a 20-mesh sieve. Controls were performed using ability of the psyliium p < 0.01) (Figure 1). Higher enzyme

the above procedure without addition of the xylanase. The modified level resulted in a modified psyllium preparation that has a lower
psyllium samples were prepared in triplicates and stored at ambient Water uptake. A significant correlation was observed between

temperature for further analyses. the reduction in water uptake and the enzyme concentrations
Water Uptake by Xylanase-Treated Psyllium.Water uptake was  in the solid-state reaction mixtures. The correlation coefficient
determined gravimetrically by a method previously described by Yu was—0.98 (p < 0.05).

and others®). Briefly, all samples were equilibrated in a 10% relative  Gg|ling Properties. Xylanase treatments significantly reduced
humidity (RH) chamber for 48 h. Then, samples were transferred to a the gelling capacity of psylliumFigure 2). Less force was

98% RH chamber and exposed to moisture for 10 min. The absolute ired break th | df h | d
amount of absorbed water was calculated from the weight change of "€auired to break the gels prepared from the xylanase-treate

the dry matter after exposure to high RH environment. Water uptake PSYllium samples than that to break the gels prepared from the

was reported as the average amount of water taken up by each gram ofontrol psyllium (0 xylanase-treated) or starting material, the

the xylanase-treated psyllium per minute. All measurements were madecommercial psylliumFigure 2A). Significant deductions were

in triplicate. also detected in the adhesiveness of the gels prepared from
Gelling Properties. Gelling properties were measured for xylanase- - xylanase-treated psyllium samplgs< 0.01) (Figure 2B. No

treated psyllium samples and compared with the original psyllium by gjgnificant difference in gel hardness or adhesiveness was

the method previously describe (4, 15). A TA-XT2 texture analyzer yoiacted in the gels prepared from O xylanase-treated control

(Texture Technologies Corp., Scarsdale, NY) was used with a 25 mm li dth ial li - h d d
diameter probe. Analytical samples were prepared by mixing 1.50 psyllium and the commercial psyllium, suggesting the reduce

of psyllium into 30 mL of water. After setting for 24 h, gel samples  9€lling capacities were caused by the xylanase treatments.
were subjected to a double compression test. Measurements werd-urthermore, greater reduction in gelling capacity was observed
performed with a pretest speed of 2.0 mm/s, a test speed of 5.0 mm/sfor psyllium samples treated with higher levels of xylanase
a posttest speed of 5.0 mm/s, and a distance of 6 mm. All measurementgFigure 2). Correlations were exhibited between the xylanase
were conducted in triplicate. The results were expressed as the mearconcentrations in the final reaction mixtures and the hardness
+ SD in gram force for hardness and adhesiveness. or adhesiveness of the gels prepared from xylanase-treated

Fiber Contents. Soluble and insoluble fiber contents in modified o yjiim samples. The correlation coefficients wer@.90 and
and raw psyllium were measured with a commercial kit purchased from . .
—0.80 for hardness and adhesiveness, respectively.

Megazyme International Ireland Ltd. (Wicklow, Ireland) according to
the previously reported procedure (16). Fiber Contents. Soluble and insoluble fiber contents in
Scanning Electron Microscopy MeasurementSEM was conducted ~ xylanase-treated psyllium were measured and compared to that
to determine the potential changes on the surface structures of psylliumof the commercial psyllium, because fibers might account for
particles due to the enzymatic treatments. SEM was performed on athe peneficial effects of psyllium. Doubled level of xylanase
Philips SEM 505 instrument (Holland) at Colorado State University. did not necessarily result in a doubled reduction of soluble
Statistic Analysis. Data were reported as meanSD for triplicate fiber contents, while no change of the insoluble fiber contents

measurements. An independent sampiesst (SPSS for Windows, .
version rel 10.0.5, 1999, SPSS Inc., Chicago, IL) was conducted to was observed with xylanase treatments (Table 1). The reduc-

identify differences among means, while a Pearson correlation test wastion of soluble content was correlated to the level of the xy-
conducted to detect the correlations among meanp. A 0.05 was lanase in the reaction mixtures with a correlation coefficient of
considered statistically significant. —0.95.
SEM Measurement.SEM determination showed that xyla-
RESULTS nase treatment resulted in a smoother structure on the surface
Water-Uptake Properties of Xylanase-Treated Psyllium. of the psyllium particles (Figure 3B), as compared to that of
Xylanase treatment significantly suppressed the water-uptakethe control treated with 0 xylanasEigure 3A).

Water Up-take (ma/g psyllium/min)
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Psy 0 24 48 72 120 Figure 3. Surface structures of the xylanase-treated psyllium samples
Xylanse Units measured by SEM. Panels A and B are the SEM results for psyllium
Figure 2. Effects of xylanase treatment on the gelling capacity of psyllium. samples treated by 0 and 120 units of xylanase under the experimental
Bars marked 0, 24, 48, 72, and 120 represent the final xylanase levels conditions, respectively.

of 0, 24, 48, 72, and 120 units/g of psyllium in the solid-state reaction
mixtures, respectively, while Psy represents commercial psyllium, the
starting material. Vertical bars represent the standard deviation of each

the physicochemical properties of psyllium without reducing
its health-beneficial effects. This study was conducted to eval-
uate the effects of xylanase, a commercially available food-

data point. grade enzyme preparation, on the water-uptake and gelling prop-
Table 1. Effects of Xylanase Treatment on Fiber Content ertie.s of psyllium under a special §0Iid-stqte regction condition.
It is well-known that the formation of a junction zone is the
xylanase concentration soluble fiber insoluble fiber initial step of the gelling proces21). The junction zones grow
(unitsfg of psyllium) (9/100 g of psyllium) (9/100 g of psyllium) and join the polymers, such as polysaccharides or proteins,
0 785 13.0 together to form a gel network by intermolecular hydrogen
24 79.2 127 bonding, hydrophobic interactions, ionic associations, entangle-
48 ma 131 ment, or covalent bonds. Enzymatic treatments may alter the
Igo ;g:i gg chemical or molecular structure of a polymer and consequently
Psya 79.6 124 alter the capacity of the polymer to form a junction zone and a
gel. It also has to be noticed that different chemical mechanism-
apsy stands for commercial psyllium, the starting material of the solid-state (s) may be involved in the conventional aqueous-phase and
xylanase reactions. solid-state enzymatic reactions. Psyllium is a highly branched
acidic arabinoxylan®). The xylan backbone has both-# and
DISCUSSION

1—3 linkages 7). In a conventional enzyme reaction, an

It has been widely accepted that eating is not as straightfor- adequate amount of free water molecules are available as
ward as it used to be. There is an increasing consumer desireeagents, and therefore an enzymatic hydrolysis catalyzed by
to ensure overall good health and quality life, rather than the xylanase may be the predominant reaction. This is supported
balanced nutrition, through functional foods that may reduce by the observation that a great reduction in soluble fiber content
the risk of certain diseases or promote general human healthwas detected in the modified psyllium prepared by the conven-
(17,18). The key to producing a functional food is to develop tional aqueous-phase enzymatic procedure (6). In contrast, a
a novel health beneficial factor, a nutraceutical, that has desirablelimited amount of free water molecules are available in the solid-
physicochemical and sensory properties. A practical way for a state enzymatic reaction, and other types of reactions, such as
nutraceutical development is to improve the physicochemical isomerization, might occur. These reactions may change the
or sensory characteristics of a known bioactive component by molecular structures of psyllium and inhibit the formation of
chemical, physical, or enzymatic means to promote its utilization junction zones, and consequently reduce the gelling capacity
in food products. Enzymatic treatments/modifications have been of the modified psyllium, with less reduction in soluble fiber
successfully used in food industries to prepare novel food content. Further research is needed to investigate the mechanism-
ingredients, refine processing procedures, or improve food (s) involved in solid-state enzymatic procedure.
qualities (6,19, 20). To promote the applications of psyllium The reduction of water-uptake ability cannot be explained
as a bioactive food additive for lowering cholesterol, controlling well by the breaking down of the xylan backbone, although
body weight, or as a laxative agent, it is important to improve that may be a reasonable mechanism of reducing the gelling



Effects of Xylanase on Psyllium Functionality J. Agric. Food Chem., Vol. 51, No. 2, 2003 495

capacity of the modified psyllium. To better understand the  (2) Jenkins, D. J. A.; Kendall, C. W. C.; Popovich, D. G.; Vidgen,
mechanism(s) involved in the reducing water-uptake ability, E.; Mehling, C. C.; Vuksan, V.; Ransom, T. P. P.; Rao, A. V.,
SEM was conducted to measure and compare the surface Rc{senberg-zaﬁd, R.; Tarig, N; Qorey, P.; Jones, P: J. H.; Raeini,
structures of the psyllium samples treated with 0 and 120 units g/' gtory, I‘IJ' AF;' \lj\tlmér;f]oto, 'fE 33 '”'”hg""ho?E' D.R; Pg||opuf, A
of xylanase/g of psyllium. The xylanase treatments resulted in » Connelly, P. W. Effect of a very-high-fiber vegetable, fruit,

. - . and nut diet on serum lipids and colonic functidhetabolism
a smoother surface on the psyllium particles (Figure 3). In other

2001,50, 494-503.
words, xylanase treatment reduced the total surface areas of the 3y aygustin, J.; Dwyer, J. Coronary heart disease: dietary ap-

psyllium particle. The reduction of the surface area may be proaches to reducing risk¥op. Clin. Nutr.1999,10, 1-13.
associated with the decreased water-uptaking properties of the (4) Romero, A. L.; Romero, J. E.; Galaviz, S.; Fernandez, M. L.
polysaccharide particles. Cookies enriched with psyllium or oat bran lower plasma LDL

It is also realized that the chemical or enzymatic reactions cholesterol in normal and hypercholesterolemic men from
may result in a change of the biological activities of the northern Mexico.J. Am. Coll. Nutr.1998,17, 601—608.

(5) Jensen, C. D.; Spiller, G. A.; Gates, J.; Miller, A.; Whittam, J.
H. The effects of acacia gum and water-soluble dietary fiber
mixture on blood lipids in humans. Am. Coll. Nutr.1993,12,

nutraceutical(s) due to the possible alterations of their chemical
and molecular structures under the reaction conditions. The

effects of the xylanase on both soluble and insoluble fiber 147—154.

contents also were det_ermined bec_ause they are i_mportant (6) Yu, L.: DeVay, G. E.; Lai, G. H.: Simmons, C. T.. Neilsen, S.
parameters associated with the potential health-beneficial effects R. Enzymatic modification of Psyllium. U.S. Patent 6,248,373,
of psyllium. The xylanase-treated psyllium preparations are 2001.

believed to retain their beneficial effects since less change in (7) Chan, J. K. C.; Wypyszyk, V. A forgotten natural dietary fiber:
fiber content was observed (6). psyllium mucilloid. Cereal Foods WorldL988, 33, 919—-922.

In this study, xylanase treatment at a ratio of xylanase to ~ (8) P"_irtkv H.; fDeiE' '? f%; Ch“gg' OI'I'K' Fﬁrtifﬁ’i?% bre"’lld Wt';h a
psyllium of 70 units/g of psyllium reduced water-uptaking rate mixture of wheat TIber and psylium nus« fiber pius three
by 42%, gel hardness by 48%, and gel adhesiveness by 55% antioxidants Cereal Chem1997,74, 207~211.

f . . . (9) Hara, H.; Suzuki, K; Kobayashi, S.; Kasai, T. Fermentable
0,
with a 5% reduction in soluble fiber conteﬁta(ble 1). In 2001, property of dietary fiber may not determine cecal and colonic

Yu and co-workers@) reported that the xylanase at a level of mucosal growth in fiber-fed ratdlutr. Biochem1996,7, 549—
100 units/g of psyllium resulted in a reduction of 26% in water- 554.

uptaking rate, 23% in gel hardness, and 23% in gel adhesiveness (10) Anderson, J.; Deakins, D. A.; Floore, T. L.; Smith, B. M.; Whitis,
with a 6.6% decrease in soluble fiber content. This suggests S. E. Dietary fiber and coronary heart diseaSst. Rev. Food
that the solid-state enzymatic reaction may result in a greater Sci. Nutr.1990,29, 95-146.

reduction in both gelling capacity and water-uptaking capacity (11) Arjmandi, B. H.; Craig, J.; Nathani, S.; Reeves, R. D. Soluble
with same level of xylanase. In addition, the final psyllium dietary fiber and cholesterol influence in vivo hepatic and

intestinal cholesterol biosynthesis in rafs.Nutr. 1992, 122,
1559—-1565.
(12) Rudin, R. Easily dispersible dietary fiber product and method

products of the solid-state xylanase reactions are solid powders
and no additional step is required to remove water, while a

freeze-dry procedure .has to be invqlved to remove moisture for producing the same. U.S. Patent Re. 32,811, 1988.

from the wet-enzymatic treated psyllium products that appear (13) wuyllschleger, R. D.; Creek, B.; Chen, S. C.; Bowman, F. A.;

as rubbery gelsg). The solid-state enzymatic reaction may be Hawblitz, L. V. Ready-to-eat cereal containing psyllium. U.S.

easily scaled up for commercial production of novel psyllium Patent 5,227,248, 1993.

preparations with desirable properties. (14) Pons, M.; Fiszman, S. M. Instrumental texture profile analysis
In conclusion, the present study indicated that the xylanase with particular reference to gelled systerdsText. Stud1996,

treatment might improve the water-uptake and gelling properties 27, 597-624.

of psyllium under a solid-state reaction condition, with a slight (1) Paraskevopoul, A.; Kiosseoglou, V. Texture profile analysis of
' heat-formed gels and cakes prepared with low cholesterol egg

reduction of §o|uble fiber content. The solld-state proceglure has yolk concentrates). Food Sci1997,62, 208—211.
great potential to be scaled up for commercial production. The (16) Lee, S. C.. Rodriguez, F.; Storey, M.; Farmakalidis, E.; Prosky,

xylanase-treated psyllium preparations are considered to retain L. Determination of soluble and insoluble dietary fiber in

their beneficial effects because significant levels of both soluble psyllium-containing cereal products. Assoc. Off. Anal. Chem.

and insoluble fibers are still availablé)( A hamster feeding Int. 1995,78, 724—729.

study has been conducted to demonstrate the cholesterol- (17) Sloan, A. E. The top 10 functional food tren&&®od Technol.

lowering activity of the xylanase-treated psyllium preparations, 2000,54, 33-62.

and the results will be reported separately. (18) Dreher, M. L. Functional Foods: Designing foods for improving
health function: overviewJ. Nutraceut. Funct. Med. Foods
1997,1, 3-5.
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