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Solubtlization of Plant Cell Walis by Extrusion
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Abstract

Plant cell walls consist of a variety of chemical constituenis such as celivlose, hemicelluloses, pectins, lignin,
glvcoproteins, efc. These components are strongly linked through hydrogen, covalent, ionic and hydrophobic
bondings, which thus confers the self-protection capability on plants. Some processing by-products thulls, brans,
pomaces) of cereals, fruits and vegetables are very limited in further utilization due to their compact stractural
rigidity. In view of the fact that the plant cell walls are essentially composed of dietary fiber components, solu-
bilization of the strong intermolecular linkages can contribute to increasing the soluble dietary fiber content and
thus diversifying the functional and physiological role of plant cell walls as dietary fiber sources. This article
reviews the chemical constituents of cereals, frufts & vegetables and brown seaweeds with reference to their
intermolecular finkages. An particular emphasis will be placed on the solubliizing phenomena of rigid plant cell
walls by extrusion and the resulting changes of functional properties. 1t is suggested that underutilized food
resources, typically exemplified by various food processing by-products and surplus seaweeds, can be suc-
cessfully modified toward improved funciienal performance by extrusion.
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Table 1. The macromelecular constituents of cell walls from
edible plants™

Sources Tissue types Main constituents
Growing cells and Cellulose, hemicelluloses
parenchymatous  (e. g. xyloglucan),
tissues pectic substances
Fruits and and some glycoproteins
vegetables Lignified tissues  Cellulose, hemicelliloses
{e. g. glucuroncxylans),
lignin 4nd some:
glycaproteins
Parenchymatous  Arabinoxylans, - D-
tissues glucans, cellulose,
phenotlic esters,
proteins (and pectic
tances—rice
Cereals substances—rice)
Lignified tlssues  Glucuronoarabinoxylans,
cellulose, lignin,
phenolic esters and
protein
Parenchymatous  Cellulose, hemicelluioses
tissues (e. g. xyloglucans},
Seeds pectic substances and
other than glycoproteins
::Iereals ) Some celis with  Galactomannans, cellulose
egUME . :
Bumes thickened walls  pectic substances and
{endosperm} glycoproteins
Multiceilular Alginate, ceflulose and
thallus structure  fucese-containing
Brown polysaccharides (e. g.
seaweeds sulphated fucan and

sulphated glucurono-
xylofucan)
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Fig. 1. Comparison of models of primary cell walls of dicot
and monocot*,

{A) Dicot cell wall : Cellulose microfibrils I(D)] are coa-
ted with a monolayer of xyloglucan [(Z)]. Not shown is
additional xvloglucan and arabinoxylan that may span
the cellulose microfibrils. The cellulose—xyloglucan fra-
mework is embedded in a gel matrix of polygalcturonic
acids crosslinked by Ca " [3)]. Additional polymers co-
ntaining mostly neutral sugars, i.€., typically arabine-
galactan [@)], constitute the major side groups and are
attached to the rhamnosy! units of rhamnogalactu-
ronan [B)1. Not shown is the hydroxyproline-rich glye-
oprotein, namely extensin, that can cross-stitch the
cellulose fibrillar netwerk. (B) Monocot coll wall 1 Cel-
lulose microfibrils {D] are coated primarily with glu-
curonoarabinoxylans(GAX) and some xyloglucans-
(@), a portion of which are immobilized by phenolic
ester cross stitches [@). Cther acidic arabinoxylans are
hydrogen bonded to each other and may span the
matrix [@], and additional GAX may define the pores
of the matrix [(B)], replacing the function of pectic
substances in these species. The highly substituted CAX
may be the newly synthesized GAX crosslinked loosely
by diferufic acid [(8)]. Not shown is the developmental
stage-specific 8-D-glucan that is synthesized when
cell expansion begins,
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Fig. 2. Hypothetical model of the biochemical organization of
cefl walls of brown algae®™,
The cellulose chains are organized in crystalline, par-
altel microfibrils which lay tangentially 1o the cell
surface and cross each other at a few definite angles
{set arbitrally 90° here). Among the microfibirils or bu-
ndles of microfibrils, extends a three~dimensienal co-
ntinuous alginate network, constituted by calcium bri-
dged polygulucuronate blocks and more or less entan-
gled polymannuronate chains. The fucose-containing
polymers probably play a role in cross-linking cellu-
lose and alginate. Hypothetically, to the celluiose mi-
crofibrils are firmly bound xylefucoglucans (or gata-
ctans) in the same way as hemicellulose to cellulose
in high plants ; to alginate are Iinked xylofucoglycu-
ronans {ascophyllans} by conformational association
between their polyglyeuronic backbone and the high-
ly ordered polygluronate sequences ; eventually, the
linkage between alginate and ceilulose would invalve
glycoprotein linkages between the sidechains of
ascophyllans and those of xylofuceglucans. Homofuic-
ans {fucoidans) are either or both free and part of an a-
cid-labile supramolecular complex with ascophyllan.
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'ﬂ’abie 2. Extrusion conditions and physicechemical properties of raw and extruded pea huils*

Samples Temperature " C} Screw speed (rf Water addEd (% of dry weight} SME* (kwh /1)
Raw None
RE1 100 200 60 115
RF2 100 200 45 192
RF3 100 247 45 232
RF4 100 247 30 278

DF (% of dry matter}
Samples Solubility (%) Swelling (ml/g) Water holding (ml/g)
Soluble [nsoluble
Raw 1.4 4.1 87.4 6.0 2.4
RF1 3.5 6.9 82.6 5.0 2.7
RF2 8.5 11.6 77.7 5.2 2.5
RF3 1.5 1.4 770 49 23
RF4 15.3 131 73.4 5.0 21
*SME 1 specific mechanical energy
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Table 3. Effect of different treatments on water-holding cap-
acity (WHC), saluble fiber content, and insoluble fi-
ber content of corn bran®”

WHC Soluble fiber  Inscluble fiber

Corn fiber (g water/ @) (%) %)
Native 294 1.38 81.27
Extruded 2.56 1.39 74.22
Acid-treated 4,62 1.70 90,57
Acid treated 434 213 84.31
Alkaline-treated 3.64 3.36 77.1
Alkaline-treated .

—extruded 3.45 3.64 73.37
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Table 4. Extrusion conditions and physicochemical properties of raw and extruded sugar-beet pulp’™

SME* (kWh /1)

Samples Temperature *C) Screw speed (rpm) Water added (% of dry weight)
Raw
B1 100 150 30 155
B2 180 150 30 194
B3 160 250 30 246
B4 100 150 20 211
B5 180 250 20 271
B& 180 250 20 287
Samples Solubiiity ("n) Swellmg (ml /;,) Water holding capacity (ml/ g} Cation-exchange capacity (meq/g)
Raw 166 19.3 329 0.44
B1 24.4 171 nc** nd
B2 35.7 18.7 nd nd
B3 37.5 18.9 nd nd
B4 37.9 19.8 nd nd
BS5 45.2 14.4 28.2 0.39
B6 47.5 13.4 nd ' nd
*SME : specific mechanical energy

**nd ! not determined

= screw speed@] ¥

sao o = 3R Fr 7
Table 49 4] =3k (swellin
4o oz B4R see] AmE A
FewA Az el 334 (cohesivenessjo] H-F
2 AelE)7] e Folvl. niel w42 a)} ofo]2
% {cation exchange capacity}-& & A}e| 3
doreh O 4TS GEIAA 4D B @
" AR e Ao F hebdd, ol A
Az Fao] ape) R AR Afellis FE U4
F2A e 2 2k 1A 2 (primary celi wall) 2.2
o1 Zo]] 9lo] shEAI s o w4 wizralct. o] A% o
® o] 7}R) H-Fell sialE rhamnogalacturonic hairy
regiono] F 2 FaiE ], alEAl Yol &g Al
L E | BiE L L dbde] g g
{degree of polymerization) & #£2F8EE FHbdhs Ao
2 vehehe olshi g2l FE ARl U
T2 Ao g 284 %4 (secondary cell wallie] u-
walo] sbEade] FAlel | wlzbebA shgated F 2%
237k do]5hA ghepe.

ASus FEHRT A wed
o] 2.3mi/gellA] 3.0ml/g o B S7)alch e B wElgdch
el AR A A eels 24P el 0.7]
B} wpwe] AaTom ¥ uy v vy, F 4 E
8 ZHo| oel 24y nlAe A e] 197
B e RS % ok ol BR8] AP

A
o TR Aolef 710E Flog FHEEH, of

o e

z

g
o

T

Orﬂio}ﬁ
3o Jo b 2

Y kY

*:f

r%

Iyt

o

1—)7!0

Arrigont %

A AR, Yz 43y W Axxel A1
Aol wgtel dF & of AAAQ A7 ez
A Fe] Az -;TrQJr oh 74 & cellulases,
hemicellutases, pectinases 52 ©] %8 &4 e
e e R °ﬂ Aated g8 5 5l
o Eae 23 AE FEe shrele drbHd
et At v|aste] 2 £ 7)Ao dE A
2 2l S /1R E ¢ dolH AL Abegae) A
Sk AdtEle 84 AEE VA AxE 2A4Y
S glet. oleld RS Sdre LAt 7l
FolatA AT% 4 e T2E FRE P
54 Aol B chape] AgRe A2 A
'Aﬂ 7P 2wk A FE A AEFR2AA
wr} ‘ﬂh—ur sﬂ A ET 9~ o) ghako] ol Ak
282 & 222517 o Fofl F5el vl &
of o¢ —r%ﬁl ol Ao g A 4 ok
§ 252 Ao b 2 AR Al &
A A E ey Estd JdY o 2
v AzdE 42 4388 S 9lg e

o

_E

}m il

B = = Cis LB S

AT T2 FH Ay FYF AT AR Hehe]

olel7 gheh. ofel Whsh HET 249 S 43l B
y =]



TR B ESE

77} £54 o) Ro] gom

;o= =
FAE B Febd S gk o) EE AR F
HE E AR Al s AHem
o) §-8k7] Mk Y1 EA A Aeh: fan
A QATEE7] sholThe. B # oz # 2 59] Ao
gt el o] elAl=iwia] AukIFvlie % o] 3 o8-
3k 7b% 7Hg-Al ] Are] shis] SalH 3 glub

s s Be) Az gshel slo] 424 Yol
o A Aladel s we e o dlafe] A

S 8 %

S, () S84 Aol 4§ A e Frbe) ohe e Ty

| : % st
FH ghEd P o Lol gt 3l Habel v]Ehod
TEYY T B, F R5Y, Pol & ABEH T
Al J 5

024_. :£0

i
™
)
fy

e

]

Bl

c{ it
¥t
]

et

=)

r

i
0
2
b

A

2

$ AFES Gustey) g3 29 Are] B et
BRI P CERE EEE PR

(o]

10.

1.

12.

13.

16.

17.

19.

il
el

. Aspinall, G, O, Chemistry of cell wall polysaccha-
rides. tn “The biochemisity of plants” Preiss, . (ed.),
Academic Press, New York, p.473 {1980

Dey, P M. and Brinson, K. : Plant cell walls. Adv. Ca-

rbohydr. Chem. Biachern., 42, 265(1984)

. Brett, €. and Waldron, K. 1 Physiology and fripchem-
istry of plant cell walls. Unwin Hyman, London, p.4
(1990}

. Van Buren, ). P 1 The chemistry of texture in {ruits

and vegetables. /. Tex. Stud., 10, 1 (1979}

Brady, C. . : Fruit ripening. Ann. Rev. Plant Physiol.,

38, 15511989

. Shewfelt, R. L. ! Quality of fruits and vegetables. Foo-

d Technol., 44 (5), 99 (1990

Lorenz, K. and Johnsson, . A. @ Starch hydrolysis un-

der high temperature and pressures. Cereal Chem.,

49, 676(1972)

Schulerud, A. : The baking of cereals. In “Physical,

chemical and biological changes in food caused by th-

ermal processing’ Applied Science Publishers, Lon-

don, p.290{1977)

. Matthee, V. and Appledorf, H. : Effect of cooking on

vegetabie fiber. J. Food Sci., 43, 1344 (1978)

Nyman, M., Palsson, K. E. and Asp, N. (. Effects of

processing on dietary fiber in vegetables. Lebensm,

Wihss. Technol., 20, 29{1987)

Selvendran, R. R., Stevens, B. J. H. and Du Pont, M.

5.« Dietary fiber . chemistry, analysis, and propert-

ies. Adv. Food Res., 31, 117 (1987)

Meltan, L. D2 A review of recent development in

dietary fibers with emphasis on the plant cell walis of

fruit and vegetabies. Food Technol. (New Zealand),

1992, 26(1992)

Theander, O., Westerlund, E. and Aman, P. : Struc-

lure and components of dietary fiber. Cereal Food

World, 38 (3}, 135({1993)

. Scheneeman, B. O. : Soluble vs insoluble fiber-diff-
erent physiological responses. Food Technal., 41 (2),
81(1987)

. Scheneeman, B. Q. : Dietary fiber. Food Technof., 43

(10), 133 (1989

Kritchevsky, D : Dietary fiber. Ann. Rev. Nuir., 8

301 (1988)

Ebihara, K. and Kiriyama, S. @ Physico~chemical pro-

perty and physiological function of dietary fiber. Nip-

pon Shokuhin Kogyo Gakkaishi, 37, 916 (1990)

. Schweizer, T. F. and Wirsch, P. 1 The physiological

and nutritional importance of dietary fibre. Experien-

tia, 47, 181 (1991)

Asp, N. G, Bjorck, 1. and Nyrman, M. @ Physiclogical

effects of cereal dietary fibre. Carbohydr. Polym,, 21,

183 {1993)

.



20.

21.

22.

23,

24,

25.

26.

27.

28.

29,

30.

31,

32.

33.

34.

35.

36,

el o AT Amue 43

Renard, C. M. G, C., Voragen, A. G. ., Thibault, }. F.
and Pilnik, W. : Comparison between enzymatically
and chemicaily extracted pectins from apple cell wa-
s, Anim. Feed Sci. Technol., 32, 69{1991)
Sitjestrom, M., Westerlund, E., Bjdrck, L., Holm, i,
Asp, N. G. and Theander, O. : The effects of various
thermal processes on dietary fibre and starch content
of whole grain wheat and white flour. ). Cereal Sci.,
4, 315 (1986)

Nyman, M., Schweizer, T. F,, Plsson, K. E. and Asp,
N. G. : Effects of processing on fermentation of diet-
ary fibre in vegetables by rats. Lebensm. Wiss, Tech-
nol, 24, 433(1991)

Guillon, F., Barry, ). L. and Thibault, ]. F. : Effect of
autoclaving sugar-beet fibre on its physico-chemical
praperties and its in vitro degradation by human fecal
bacteria. J. Sci. Food Agric., 60, 69 (1992}

Harper, |. M. : Extrusion of foods. Vol 1. CRC Express,
Boca Raton, FL., p.1{1981)

Linko, P, Colonna, P. and Mercier, C. : High-tempe-
rature, short-time extrusion cooking. In “Advances in
cereal science and technology” Pomeranz, Y. ({ed.),
AACC, St. Paul, MN., Vol 4., p145(1981)

HuA, A2 FHAFHTE H3 oxtrusion
. A TE, 14, 26 (1981)

wiedman, W. and Strobel, £. : Processing and econo-
mic advantages of extrusion cooking in comparison
with conventional processing Tn the food industry. In
*Extrusion technology for the food industry” O Con-
nor, C.ted.), Elsevier Applied Science, New York, p.
1321987}

varo, P, Laine, R. and Koivistoinen, P. 1 Effect of heat
treatment on dietéry fiber : interlaboratory study. [.
Assoc. Off. Anal. Chem., 66, 933 (1983}

Bjorck, 1., Nyman, M. and Asp, N. G. : Extrusion co-
cking and dietary fiber : effects on dietary content
and on degradation in the rat intestinal tract. Cereal
Chem., 61, 174 (1984)

Selvendran, R. R. : The chemistry of plant cell walls.
In “Dietray fiber” Birch, G. G. and Parker, L. |. (eds.),
Applied Science Publishing, London, p.108 (1983)
Northcote, D. H. : Chemistry of plant cell wall. An-
nu. Rev. Plant Physiol,, 23, 113(1972)

Hali, M. A, : Plant structure, function and adaptation.
Macmillan, London, p.49 (1976)

Darvill, A., McNeil, M., Albersheim, P. and Delmer,
D. P.: The primary cell walls of flowering plant. In
“The biochemistry of plants” Tolbert, N. E. {ed.), Aca-
demic Press, New York, p.91 {1980}

Selvendran, R. R. and O'Neil, M. A. : Plant glycoprote-
ins. Encyl. Plant Physiol. New Ser., 13A, 515 (1982}
Lamport, D. T. A. and Epstein, L.t A new model for
the primary cell wall : a concatenated extensin-cell-
ulose network. Curr. Topics Plant Biochem. Physiol.,
2, 73(1983)

Dugger, W. M. and Bartnicki-Carcia, 5. + Structure, fu-
nction and biosynthesis of plant cell walls. American
Society of Plant Physiologists, Rockville, MD.{1284)

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

A47.

48.

49,

50.

52.

54.

367

Jarvis, M. C. : Structure and properties of pectin gels
in plant cell walls. Plant Celf Env., 7, 134 (1984)
McNeil, M., Darville, A. G., Fry, 5. C. and Albersh-
eim, P. & Structure and function of primary cell walls
of plants. Ann. Rev. Biochem., 53, 625 (1984)
Mackie, W. 1 Polysaccharides-topics in structure and
morphaiogy. MacMillan, London, p.73 (1985}

Brett, C. T. and Hillman, J. R. : The biochemisiry of
plant cell walls. Society of Experimental Biology.
Cambridge University Press, Cambridge (1985)
Selvendran, R. R. ! Developments in the chemistry
and biochemistry of pectin and hemicellulasic poly-
mers. J. Cell Sci. Suppl., 2, 51 (1985)

Fry, S. C.: Cross-linking of matrix polymers in the
growing cell walls of angiosperms. Ann. Rev. Plant
Physiol., 37, 165(1986)

John, M. A. and Dey, P. M. : Post harvest changes of
fruit cel! wall. Adv. Food Res., 30, 139(1986)

York, W. S., Darvill, M., NcNeil, M., Stevenson, T. T.
and Albersheim, P. : Isolation and characterization of
plant cell walls and cell wall components. Met. Enzy-
mol., 118, 3(1986)

Carpita, N. C. : The biochemistry of growing cells. In
“Physiology of cell expansion during plant growth’
Cosgrove, D. |. and Knievel, D. P.(eds.), Academic
Society of Plant Physiology, Rockville, MD., p.28
{1987)

Bacic, A., Harris, P. . and Stone, B. A, : Structure and
function of plant cell walls. In “The biochemistry of
piants’ Preiss, |. (ed.), Academic Press, New York, p.
297 (1988)

Hayashi, T. : Xylogiucans in the primary cell wall.
Ann. Rev. Plant. Physiol., 40, 139(1989)

Chang, C. Y., Tsai, Y. R. and Chang, W. H. : Models
for the interactions between pectin molecules and
other cell-wall constituents in vegetable tissues. Food
Chem., 48, 145(19%3)

Hwang, ]., Pyun, Y. R. and Kokini, J. L. : Sidechains
of pectins 1 some thoughts on their role in plant cell
walls and foods. Food Hydrocoll., 7, 39{1993)

Haard, N. F. : Characteristics of edible plant tissues. In
“Food chemistry’ Fennema, O. R.(ed.), Marcel Dek-
ker, Inc., New York, p.860(1985)

. Azuma, ). 1., Takahashi, N. and Koshijima, T. : Isolat-

ion and characterization of lignin-carbohydrate com-
plex from milled-wood lignin fraction of Pinus den-
siflora, Carbohydr. Res., 93, 91 (1981}

Keegstra, K., Talmadge, K. W., Bauer, W. D. and Alb-
ersheim, P.: The structure of plant cell walls. 1. A
model of the walls of suspension-cultured sycamore
cells based on the interaciions of the macromolecular
components, Plant Physiol., 51, 188{1973)

. Albersheim, P. : The primary cell wall and central

control of elengation growth. In “Plant carbohydrate
chemistry” Pridham, . B. (ed.), Academic Press, New
York, p.145 {1974

Albersheim, P. 2 The walls of growing plant cells. Sci-
entific American, 232, 81 (1975)



368

55.

57,

58.

60.

62.

63,

64.

65.

66.

67.

68.

64,

70,

71.

G &

Talmadge, K. W., Keegstra, K., Bauer, W. D. and Alb-
ersheim, P. : The structure of plant cell walls. 1. The
macromolecular components of the walls of susp-
ension cultured sycamore cells with a detdiled ana-
tysis of the pectic polysaccharides. Plant Physiol., 51,
158 (1973)

Clarke, A, E., Anderson, R. L. and Stone, B. A. @ Form
and function of arabinogalactans and arabincgalac-
tan-proteins. Phytochemisiry, 18, 521(1979)

Rolin, C. and DeVries, ). : Pectin. In “Fooc gels”
Harris, P.(ed.), Elsevier Applied Science, New York,
5422 (1990)

Burke, D., Kaufman, P, McNeil, M. and Albersheim,
Pt The structure of plant cell walls. V1. A survey of
the walls of suspension-cultured monocots, Physiol.,
54, 109{1974)

Shibuya, N. and Iwasaki, T. : Polysaccharides and
glycoproteins in the rice endosperm cell wall. Agri.
Biol. Chem., 42, 2259 (1978)

Shibuya, N. and Misaki, A. 1 Structure of hemicellul-
ose isolated from rice endosperm cell wall @ mode of
tinkages and sequences in xyloglucan, F-glucan and
arabinoxylan. Agric. Biol. Chem., 42, 2267 (1978)

. Carpita, N. C. ; Cell wall development in maize cole-

optiles. Plant Physiol., 76, 205 (1984)

lto, K. and Hori, K, : Seaweed : Chemical COMPOSsiti-
on and potential food uses. Food Reviews internaii-
onal, 5, 101 {1989}

Kloareg, B., Demarty, M. and Mabeau, S, Polyanion-
ic characteristics of purified sulfated homofucans from
brown algae. Int. /. Biol. Macromol., 8, 380 (1 986)
Kloareg, B. and Quatrano, R. §. : Structure of the cell
walls of marine algae and ecophysiological functions
of the matrix polysaccharides. QOceanogr Mar. Biol.
Annu. Rev., 26, 259 (1988)

Doubet, R. 5. : Ph.D. Dissertation, Oregon State Uni-
versity, Corvallis, OR., U. 5. A.{1983)

Medcall, D. G. 1 Carbohydrate sulfates. ACS Symp.
Ser, 77, p.225{1978)

Vreeland, V. and Laetsch, W. M. : Biotechnology of
marine polysaccharides. Hemisphere Pubfising Co.,
New Yorlk, p.300{1985)

Yoshizawa, Y., Enomoto, A., Todoh, H., Ametani, A.
and Kaminogawa, C. : Activation of marine macro-
phages by polysaccharide fractions from marine alg-
ae(Porphyra yeroensis). Biosci, Biotech. Biochem.,
57, 1862 (1993)

Raiet, M. C., Della valle, G. and Thibauit, 1. F. : Raw
and extrudated fibre from pea hulis. Part 1 : Composi-
tion and physico-chemical properties. Carbohydr.
Polym., 28, 17(1993)

Ralet, M. C., Thibault, J. F. and Della Valle, G. :
influence of extrusion-cocking on the structure and
properties of wheat bran. J. Cereal Sci, 11, 2491 QG0
Kavitha, R. and Chandrashekar, A. : Content and
compaosition of nonstarch polysaccharides in endo-
sperms of sorghums varying hardness. Coreal Chem.,
569, 440(1992)

a2 - =4

S

72.

73.

74,

75.

76.

78.

79.

80.

g1.

82.

33.

&4,

86.

Ao

AT

=

N

T

Sandberg, A., Andersson, H., Kivist, 8. and Sandstr-
am, B. ¢ Extrusion cooking of a high-fibre cereal pro-
duct. 1, Effects on digestibility and absorption of oro-
tein, fat, starch, dietary fibre and phytate in the smali
intestine. Brit. f. Nutr., 55, 245(1986)

Artz, W, E, Warren, C. and Viliota, R. : Twin-screw
extrusion modification of a corn fiber and corn starch
extruded blend. J. Food Sci., 55, 746 (1990)

Akiyama, T., Havakawa, T., Nakamura, K., Takita, T.
and Innami, S. : Influence of extrusion cooking of cer-
eal brans on their properties and physiological action
in rats. [. fapan Soc, Nutr. Food Sci,, 44, 19(1991)
Aoe, 5., Nakaoka, M., Ido, K., Tamai, Y., Ohta, F. and
Ayano, Y. ! Availability of dietary fiber in extruded
wheat bran and apparent digestibilitv in rats of coex-
isting nutrients. Cereal Chem., 66, 252 (1989)
Conrad, E. : Process for the preparation of a hydro-
lyzed product from whole wheat. U. S. Patent 4,282,
319(1981)

Rasco, B. A., Borhan, M., Yegge, |. M., Lee, M. H.,
Siffring, K. and Bruinsma, B. : Evaluation of enzyme
and chemically treated wheat bran ingredients in ye-
ast-raised breads. Cereal Chem., 68, 295(1%91)
Shiba, K., ljitsu, T., Hara, H. and Okada, . : Prepar-
ation and characterization of water-soluble hernicel-
lulose (arabinoxylan) from wheat bran. Nippon Sho-
kuhin Kogyo Gakkaishi, 39, 1147 (1992)

Aoe, 5., Oda, T, Tatsumi, K., Yamauchi, M. and Ay-
ano, Y, @ Extraction of soluble dietary fibers from def-
atted rice bran. Cereal Chem., 70, 423 (1993)
Yamada, H., Itoh, K., Morishita, Y. and Taniguchi,
H. : Advances in cereal chemistry and technology in
Japan. Cereal Chem., 38, 490(7993)

Morley, R. C. and Sharma, S. C. : Dietary fiber produ-
cts and method of manufacture. U. S. Patent 4,565,
702 (1986)

Sharma, R. C. : Dietary fiber composition and proc-
ess of manufacture. U. S, Patent 4,619,831 {1986)
Fulger, C. V. and Gum, E. K. : All natural, ready-to-
eat enzyme-saccharified cereal derived from whole
grain cereal. U. S. Patent 4,710,386 (1987
Holmgren, 1.. : Method of preparing a water absorbing
dietary fiber product. U. S. Patent 4,765,944 (1988)

- Mulder, M. M., Hotten, P, M., Cowie, E., Lomax, |. A.

and Chesson, A. @ Digestion of wheat aleurone by co-
mmercial polysaccharides. Anim, Feed. Sci. Technol.,
32, 18501991

Dasterhoft, E. M., Bonte, A. W, and Voragen, A. G.
1.+ Solubilization of non-starch polysaccharides from
oil-seed meals by polysaccharide—degrading enzym-
es. f. Sci. Food Agric., 63, 211 (1993}

Ning, L., Villota, R. and Artz, W. E. 1 Modification of
corn fiber through chemical treatments in combination
with twin-screw extruder. Cereal Chem., 68, 632
11991}

- Yamaguchi, F., Shimizu, N., Kawada, M., Takagi, Y.

and Maeda, S. : Extraction of hemicellulose in alkal-
iine extruder. Nippon Shokuhin Kogyo Gakkaishi, 39,



89.

90.

a1.

92.

93.

94.

96.

97.

98.

99.

100.

101.

102.

103.

104.

pEagel o e Amde 49

625(1992)
Stevens, B. §. H., Selvendran, P. P, Bayliss, C. E. and
Turner, R. : Degradation of cell wall material of
apple and wheat bran by human faecal bacteria n
vitro. f. 5ci. Food Agric., 44, 151 {1988}
Gould, J. M., lasherg, B. K., Dexter, L. B,, Hsu, |. T,
Lewis, S. M. and Fahey, G. C. : High-fiber, noncalo-
ric flour substitute for baked foods. Properties of alka-
line peroxide-treated lignocellulose. Cereal Chern.,
66, 201 (1989}
Cadden, A. M. : Comparative efiects of particle size
reduction on physical structure and water binding
properties of several plant fibers. . Food Sci., 52,
1595 (1987)
Brodribb, A. }. M and Grovers, C. 1 Effect of bran
particle size on stool weight. Gut, 19, 60{1978)
Mongeau, R. and Brassard, R.: Inscluble dietary
fiber from breakfast cereals and brans : bile salt bin-
ding and water-holding capacity in relation to par-
ticle size. Cereal Chem., 59, 413{1982)
Dreher, M. L. 1 Dietary fiber ingredients and food
uses. In “Handbook of dietary fiber” Dreher, M. L.
{ed.), Marcel Dekker, New York, p.149 (1987}

. Kiopfenstein, C. F. : Nutritional properties of coarse

and fine sugar beet fiber and hard red wheat bran. |.
Effects on rat serum and liver cholesterol and trigly-
cerides and on fecal characteristics, Cereal Chem.,
67, 538(1990)

Cherhut, C., Salvador, V., Barry, . L., Doulay, F and
Delort-Laval, I. « Dietary fibre on intestinal transit in
man : invelvement of their physicochemical and fer-
mentative properties. Food Hydrocoll, 5, 15{1991)
Pomeranz, Y., Shogren, M., Finney, K. F. and Bec-
htef, D. B. : Fiber in hreadmaking-effect on functio-
nal properties. Cereaf Chem., 54, 25 (1977}
Galliard, T. and Gallagher, D. M. : The effect of wh-
eat bran particle size and storage period on bran
flavor and baking quality af bran/flour blends. /.
Cereal 5ci., 8, 147 (1988)

Lai, C. 5., Hoseney, R. C. and Davis, A. B.: Fifects
of wheat bran in breadmaking. Cercal Chem., 66,
217(1989)

Posner, E. 5. : Mechanical separation of 2 high diet-
ary fiber fraction from wheat bran. Cereal Foods Wo-
rld, 36, 553 (1991} _

Hsieh, F., Huff, F. E., Lue, S. and Stringer, L. : Twin-
screw extrusion of sugar beet fiber and corn meal.
{ebensm. Wiss Technol.,, 24, 495 (1991}

Hayakawa, T., Nakamura, K., Takita, T, innami, S.,
Yamada, K., Yoshioka, T. and Kawamura, S. : Influ-
ence of extrusion on the physiological effects of bra-
ns in rats. Agric. Biol. Chem., 54, 1285 (1990)
Heinrich, G. 1 Enrichment of bakery product with fi-
hre. Brot & Backwaren, 37, 277 (1989)

Andersson, Y., Hedlund, B., Jonsson, L. and Svens-
son, S. : Extrusion cooking of a high-fiber cereal
product with crisp bread character. Cereal Chem,
58, 37001981

105.

106.

107.

109,

110,

1.

12

113,

114,

115.

116.

7.

8.

119.

120.

121.

369

Moore, D., Sanei, A., Hecke, E. and Bouvier, J. M. :
Effect of ingredients on physical/structural proper-
ties of extrudates. J. Food Sci., 55, 1383 {1990)

Lue, S., Hsieh, F., Peng, I. C. and Huff, H. L. : Expa-
nsion of comn extrudates containing dietary fiber @ 2
microstructure study. Lebensm. Wiss. Technel., 23,
16511990}

Lue, S., Hsieh, F. and Huff, H. €. Extrusion cock-
ing of corn meal and sugar beet fiber | effects on
expansion properties, starch gelatinization, and die-
tary fiber content. Cereal Chem., 68, 227 {1991)
Huber, G. R. : Carbohydrates in extrusion process-
ing. Food Technol., 45, 160 (1991

Grenus, K. M., Hsieh, F. and Huff, H. E. ! Extrusicon
and extrudate properties of rice flour. j. Food Fng.,
18, 229(1993)

Camire, M. E., Camire, A. and Krumhar, K. Che-
mical and nutritional changes in foods during extru-
sion. Cric. Rev. Food Sci. Nuir., 29, 35(19%0)
Fulger, C. V. and Bradbury, A. G. : Modification of
bran by extrusion. U. 5. Patent 4,500,558 (1985)
Caprez, A., Arrigoni, E., Neukom, H. and Amado,
R. 1 Irmprovement of the sensory properties of two dif-
ferent dietary fibre sources through enzymatic mod-
ification. Lebensm. Wiss. Technol., 20, 245 (1987}
Thibault, J. F., Valle, G. D. and Ralet, M. C. : Process
for treatment of products rich in plant cell walls, esp-
acially rich in pectins, these pectins, the extraction
residues, thefr utilization, and products containing
them. French Patent Application, FR 2,638, 331 Al
(1990)

Hang, ¥. D. 1 Production of fuels and chemicals from
apple pomace. Food Technol., 41,115 (1987)
Miche!, E, Thibault, J. ., Barry, |, L. and DeBaynast,
R. : Preparations and characterization of dietary fibre
from sugar beet pulp. J. Sci. Food Agric., 42, 77 {1988)
Ralet, M. C., Thibault, J. F. and Della Valle, G. : Sol-
ubilization of sugar-heet pulp cell wall polysacch-
arides hy extrusion-cooking. Lebensm. Wiss. Tech-
nof., 24, 107 (1991)

Arrigoni, E., Caprez, A., Amado, R. and Neukomn,
H. : Chemical composition and physical properties
of modified dietary fibre sources. Food Hydrocoll.,
1, 57 (1986)

Camire, M, E. and Flint, S. 1. : Thermal processing
effects on dietary fiber composition and hydration
capacity in com meal, oat meal, and potato peels.
Cereal Chem., 68, 645(1991)

Arara, A., Zhao, |. and Camire, M. E. ¢ Extruded po-
tato peel functional properties affected by extrusion
conditions. f. Food Sci., 58, 335(1993)

Voragen, F. G. J., Heutink, R. and Pilnik, W. : Solubi-
lization of apple cell wall with polysaccharide-deg-
rading enzymes. J. Appl. Biochem., 2, 452 (1980)
Massiot, P, Thibault, ). F. and Rouau, X. : Degradation
of carrot{Daucus carota) fibres with cell-wall poly-
saccharide-degrading enzymes. [. Sci. Food Agric.,
49, 45 {1989)



370

123.

126.

127.

128.

129,

54

AL - Qg A

Ella Missang, C., Massiot, P, Baron, A. and Drilleay,
J. F. 1 Effect of oxidative browning of apple pulp on
the chemical and enzymaltic extraction of cell wall
polysaccharides. Carbehydr. Polym., 28, 131 (1993)
Auffret, A., Barry, J. L. and Thibault, . F. : Cffect of
chemical treatments of sugar beet fibre on their phy-
sico—chemical properties and on their in vitro ferm-
entation. /. 5cf. Food Agric., 1, 195{1993)

Dongowski, G. : Extraction of dietary fibre from su-
gar beet cossettes. Nahrung, 37, 364 (1993)

- Morrison, 1. M. 1 Changes in the biodegradabitity of

ryegrass and legume fibres by chemical and biologi-
cal pretreatments. [ Sci. Food Agric., 54, 521(19971)
Wilson, ). R., Mertens, D. R. and Hatiield, R. D. :
Isolates of cell types from sorghum stems : digest-
ion, cell wall and anatomical characteristics. | Sci.
Food Agric., 3, 407 (1993)

San Martin, R., Aguilera, J. M. and Hohlberg, A. 1. :
Effect of cellulase pretreatments on red algae agar
extractability. Carbohydr. Polym., 8, 33(1988)
Gacesa, P. 1 Alginates. Carbohydr. Polym., 8, 161
(1988}

Magda, R. R. ! Raising seaweeds for industrial coll-

l

132.

133.

135.

136.

R

1

=4 gy

oids. Food Marketing & Technology, 3, 14(1989)
Pedersen, |. K. : Seaweed extracts-sources and pro-
duction methods. in “Gums and stabilizers for the
jfood industry 57 Philips, G. O,, Williams, 2 A. and
Wedlock, D. §. {eds.), IRL Press, Oxford, p.475 (1990)
23 %, A+ AR 2R Arhoh alo
FE91) 8 2 Rl WAL oo BRAF
&3 A, 25, 589 (1993)

Mabeau, 5. and Fleurence, |. : Seaweed in food pr-
oducts @ biochemical and nutritional aspects. Tren.
food Sci. Technol., 4, 103(14993)

Andon, 5. A. 1 Applications of soluble dietary fiber.
Food Technol.,, 41(1), 74 (1987}

. Anderson, D. M, W. and Andon, S. A, : Water-solu-

ble food gums and their role in product develop-
ment. Cereal Food World, 33, 844 (1988)
AT Ao s T, 754 o AgA olg
Huk 2714, 6, 12(1993)
Gordor, D. T. : Functional properties vs physiologi-
cal action of total dietary fiber. Cereal Food World,
34, 517 (1989)

{(1994:3 23 164 A} <)



