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THE EXCHANGE ANISOTROPY OF MnF.
AT 0°K IN NEARLY CUBIC
SYMMETRY APPROXIMATION

Kow-JE Ling, MinG-CHANG HUANG
and NAI1-L1 HuanG-L1Uu

ABSTRACT

Recently Barak ef ¢l. have experimentally obtained the exchange
anisotropy of MnF;. In this paper a calculation of exchange aniso-
tropy for MnF,, considering the electronic configuration in detail
with nearly cubic symmetry approximation, is presented, The result
obtained is numerically acceptable in comparison with the experi-
mental result obtained by Barak ef al.

I. INTRODUCTION

MnF, is a typical antiferromagnet with Neel temperature at
66.5°K. The magnetic and chemical unit cells are of the same size.
The Mn?+ ijons form an easy axis, two sublattice, uniaxial antifer-
romagnet, with the spins on the corner oppositely directed to the
spin in the body-center. The crystal parameters were determined
by X.ray diffraction as ¢=3.3003A and a=48732A.® The major
contribution to the anisotropic energy comes from the magnetic
dipole interaction and single ion anisotropy, at temperature both
above® and below® T,., where the contribution due to exchange
interaction is very small. Recently Barak ef al.> have determined
experimentally the exchange anisotropy. In this paper a treatment
of exchange interaction, considering the electronic configuration in
detail with nearly cubic symmetry approximation, is presented. In
MnF. a strong exchange interaction exists between the center and
the corner spins which are directed oppositely. In addition there is
a weaker exchange interaction between two nearest corner spins or
the center spins, directed parallelly. This weaker interaction is
neglected in this paper.® In section II, first the form of the
exchange Hamiltonian and the method of calculating it are discussed,
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and then we find the ionic ground state wave functions of Mn?+ in
nearly cubic crystalline field, considering the spin-orbit coupling as
perturbation to first order. Besides these the covalency effect due
to F- ions is also neglected. We use this result to calculate the
exchange anisotropy. Finally this result is compared with the
experimental value obtained by Barak ef al.

1. THE CALCULATION OF THE ANISOTROPIC
EXCHANGE BETWEEN Mn*+ 10NS IN
A NEARLY CUBIC SYMMETRY
APPROXIMATION

If the orthogonal wave functions without considering the spin.
orbit coupling are chosen as bhasis, the exchange interaction between
the electrons of two ions can be written as

rY = — _E_J";u';; .S (1)
3,7

where i and j refer to the electrons belonging to ion @ and b,
respectively. If the wave function with the admixture of higher
excited states due to spin-orbit coupling, are chosen as basis, and
the ground states of the ions are erbitally non-degenerate, the
above exchange Hamiltonian can be written as®

%ﬁ”x=—2J§a'§b+5'(§0X§5)+§“'K°§b (2)

where the first term represents the isotropic exchange, the second
term the antisymmetric exchange, and the last term the anisotropic
exchange. In MnF:. the second term vanishes because of the sym-
metry.® Further by considering the total exchange interaction
between the center spin and the eight corner spins and the tetra.
gonal symmetry of Mn*2 ion in MnF., one can reduce A to

Ay @ B
‘A’:[o A_LO:I

0 0 A;

L =4
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Hence eq. (2) can be written as
2% = —[JesSa S + 158552 ] (3)

where J.;,=2] — AL =~ 2] is the isotropic exchange, and J§ =A, — A,
is the anisotropic exchange.

To calculate J,; and J%, we shall equate the matrix elements of
the effective exchange Hamiltonian evaluated within $=5/2 manifold
for each ion to the corresponding matrix elements of the exchange
Hamiltonian in eq. (1) evaluated by using the perturbed %S states
with the consideration of anti-symmetry. This is done in the fol-
lowing.

The ground level of Mn2?+ ion in a cubic crystalline field has
been discussed by Watanabe,® Blume and Orbach,™ and Sharma,
Das and Orbach.® 1In the presence of a crystalline field, if the spin-
orbit coupling is not considered, the ground state is S. If the spin-
orbit coupling is considered, only the excited ¢I", states can be
admixed into the ground state via spin-orbit coupling. The excited
quartets which contain I'y character are the 4P, *F, and ‘G. The
cubic crystalline field also admixes these three quartets into one
another. We need to diagonalize the I, matrix in the presence of
a cubic field to find the eigenfunctions of a cubic field. These three
eigenfunctions which transform as ¢I", are

1647, 7> = a; [Py >+ Bi |F 4y, 7>+ 7 |Gy, 7> (4)

where the subscript i distinguishes the three different 4I', states,
and j = +1, 0 denotes the three orbitally degenerates for a given
iI", state. The coefficients a;, (f;, and 7; are determined from the
secular determinant of the cubic crystalline field.® The ground
state of Mn?+ as perturbed by the spin-orbit coupling to the first
order in cubic crystalline field is given by

195, M. tmizea = 16, Moy — 5 SToiMile Buls -8, 108, M
i 7,my i

X | 440 M >

where A; is the energy difference between the ground state ¢S and
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the excited state i4I"y, and £ is the spin-orbit constant,and p refers
to the electrons in the Mn?* ion.

Since in MnF, the tetragonal distortion is much smaller than
the cubic field, the perturbed ground state wave functions appro-
priate to a tetragonal crystalline field of nearly cubic symmetry
can be approximately written as

|GS, M3> admixed

=85, Mss
- » i’ '-. 6
& 2'{<z4n0M31523,{f Sul®8, Ma> | iap, oM: >
. ’ i '-‘ 6
+<E4P4ilMa|E%J:L£n Su | %S, Ms Ez'4r4:|:1M:>}(5)

where

Ay = E(°S, My) — E( T4 0M,)
Al = E(5S, M,) — E(i "y &= 1M;)

The difference Ay — A} is roughly 250 cm~1.¢® Using the above
wave functions, we calculate the matrix elements of the Hamiltonian
in eq.(3) between various states in S?=5/2 and S?=5/2 manifolds,
We then equate these matrix elements to the corresponding ones
obtained by evaluating the exchange Hamiltonian in eq. (1) between
the perturbed °S states, i.e,,

(8% =5/2, M) (S® = 5/2, My)[Jap Sa - Sy + J5 5% S |
(S =5/2, M7?) (8% = 5/2, M*)>
= < 1'&:;5 ) 1!’&51;

1,7=1

5 - -
ti: S5¢* 85 a ]
2 JiiSicS; I"!’M;" L (6)

where \bgszi‘*s, M; Daamizea as defined by eq.(5), is the anti-
symmetry wave function of five electrons in a Mn®+ ion; and
| (S® =5/2, M;)> represents the M, component of S9=5/2 manifold.
Doing this, we obtain the values of J& and J, for the different

substates M. Here we assume that j;;’s are all equal, i.e. j;i=Jase.
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for all ¢ and j. These results are listed in Tables 1-3. As a check
of our accuracy, we estimate Ag/g by using our J%/J;. According
to Orbach,®® one would expect the ratio of J% to J; to be of the

order of
LS Ag \*
Ji (25)% ( g )

where Ag =g, — ¢, is the anisotropy in g value, and S=5/2. The
value of Ag/g we obtained are acceptable in comparing with the
experimental values obtained by Barak et al.®

Table 1. Different results obtained for 10 Dg = 9,000 cm™!

M =M:=M2 | M; =M =M, M
Case | =M chosen | =M =M, chosen
to find J; to find J:L

R Ag Ag®)
J; g (exp.)

(421

M (8 =
101%) _%_ 6.3%x10-6 | 1.3x10-%

M) =

Ms(a)z
3.9x10-% | 1.0x10-2

M, <8

=

©
~
Gl
~
|

3 2.1 { 1.6%10-5 | 4.0%10-% | €10-2

M (5 = —

M@ = —
1.2x10-%| 3.0x10-%

M = —

M,(‘) ==

.

1.6x10~% | 4.0x10-%

o
|

M,

I1i., DISCUSSION

In this paper we have derived the contributions, of the mixing
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of the excited configuration of the Mn2?*+ ion into the ground con-
figuration via the spin-orbit coupling, to the exchange anisotropy in
MnF;. We found that these contributions are numerically acceptable
in comparison with the experimental result. But we have neglected
the following effects in our treatment:

a) Since the major contribution to the exchange interaction
between the center and the corner spins is due to super-exchange,1®
the covalent mixing of F~ states into Mn?+ states should be taken
into account. Barak ef @l. have concluded qualitatively that this
effect could reduce the theoretical estimation.

b) The 4D excited state, which is not admixed into the ground
state via the spin-orbit coupling in the cubic crystalline field, will be
admixed in the tetragonal crystalline field. In our treatment, the
effect has also been mneglected. This may explain why our values

Table 2. Different results obtained for 10 Dg = 10,000 cm™?
| MSSM;=M;’ M =M;"=M3(a), 1’\’1'a

Case | =My chosen | =My =M, chosen Ja E.. 4 (ﬁgg])
to find I, to find Jo, % i '
M9 = %
1018 g , 6.8x10~% | 1.3x10-3
Ms(b)g T
Moo d
2 _2_ ) 4.5%10-% | 1.1x10-3
NISU’): T
L
2

Mg(h = —

M@= —

w19 N|H

1.4x103 | 3.3x10-%
M, =

1
|
i

Mo = —
1.8x10-% | 4.4x10-%

MC#) =
3 ke 1,.8x10-% | 4.4x10-2 | €102

M) = —
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Table 3. Different results obtained for 10 Dg = 11,000 cm™?

M, =M, =M "M, =M" =M, (®, M; .
Case | =My chosen | =My =M, chosen I Ag (‘;ﬁ';)}
tofind J; | tofind J Ji 4 :

1011) 7.8%x10-¢ | 1.4x10-%

5.2x10-% | 1.2x10-%

1.6x10-% | 3.6x10-%

2.1x10-% | 4.8x10-*

5
2
3
2
M o) =
3 5 2,110~ | 4.8x10-* | €10-
_ L
2
-
2

for J' and J, depend on M,. In a more refined calculation, one
should consider the mixing of ‘D into the ¢S state of Mn®* ion. This
work is currently being carried out.
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ION-MOLECULE DIFFERENTIAL CROSS
SECTIONS AND ENERGY TRANSFER
DISTRIBUTIONS

FraNK E. BUDENHOLZER SVvD and CHING-CHING LEE

1. INTRODUCTION

We have previously reported methods to calculate non-reactive
total (that is summed over all final states) differential cross sections
and rotatipnal energy transfer distributions at fixed scattering
angles for low energy atomic ijon-linear molecule collisions.® We
here apply these methods to the Li+—CO and Lit—N; systems and
compare the results with experiment,

1I. DIFFERENTIAL CROSS SECTIONS

The potential between an atomic ion and a small linear molecule
can be expressed as a sum over Legendre polynomials,

V(R, ¥) = 3 Vi(R)Pi(cos ¥) (1)

where R is the distance between the ion and the linear molecule
center of mass, Yr the angle between R and the molecular axis,
V:(R) potential terms generally in inverse powers of R, and P, the
Legendre polynomials. '

We define the reduced scattering angle r = E&# where E is the
center of mass energy of the collision and # is the polar deflection
angle, For a potential of the form of eq. (1) classical perturbation
scattering theory (CPST) may be used to determine r as a closed
function of the impact parameter & and angles a« and 3 defining
the initial orientation of the molecule in a space fixed coordinate
system.®

r=r7(b, a, B). (2)
Using Monte Carlo techniques we then calculate a reduced differ-
ential cross section p(r)
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Ion-Molecule Differential Cross Sections

p(t) = @1 (#) sin & (3)

where I(#) is the differential cross section.®

In Figs. 1 to 4 we display the results for the Li+—COQO and
Li+—N, systems., In these calculations the spherically symmetric
Vo potential is a special function related to the MSV potential, It

10

o= Lit=CO
o~
P
= 1 = le)
t aad
Q =
8]
w-_“o
/cP P Y
01 [ R A R ! L1 1 1179
1 10 100
T (eV-deg)
Fig. 1. The reduced differential cross section p(r) plotted against the reduced

deflection angle r for the Li+-CO system, The anisotropic part of the
potential includes a quadrupole term with quadrupole moment
2.0 x 10-%esucm? and a dipole term with dipole 0.112 Debye. The
symmetric part of the potentialis is from the experimental work of
Polak-Dingels.t" The circles are calculated using the complete potential;
the solid line is the cross section obtained when only the spherically
symmetric part of the potential is used. 2.0 x 10° trajectories were run.
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Fig. 2. The differential cross section I(++) plotted against the deflection angle
¢+ for Li+-CO. The cross section is the same as that of Fig. 1,
calculated for a collision energy of E = 2.47eV. The circles are our
results, the triangles the experimental results of ref. 8.
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The reduced differential cross section p(r) plotted against the reduced
deflection angle = for Li+-N;, The anisotropic part of the potential
is a quadrupole term with quadrupole moment 1.5 x 10-* esucm?
The spherically symmetric part is from the experimental work of
Polak-Dingels.(> The solid line shows the cross section obtained when
only the spherically symmetric part of the potential is used, 2.0 x 10°
trajectories were run,
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041

Fig, 4.

O ldeg)

The differential cross section I(#) versus deflection angle # for Li+-N,.
The cross section is the same as that of Fig. 3, calculated for a
collision energy of 2.47e¢V. Circles are our results, the triangles
experimental results from ref, 8.
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is described by Gislason and Polak-Dingels.®* The anisotropic
terms consist of a dipole term (P;) and a quadrupole term (Pz)
Figs. 1 and 3 show the reduced differential cross section p(r) as
a function of the reduced deflection angle r. In Figs. 2 and 4 a
particular value of E, corresponding to a beam experiment, is
selected and I(:?) is plotted as a function of scattering angle 2.
Results of beam experiments are also shown. The agreement is
good.

III. ROTATIONAL ENERGY TRANSFER DISTRIBUTIONS

At a specified center of mass energy E, CPST may also be
used to calculate changes in the rotational angular momentum of
the linear molecule AJ as a function of &, @ and 8.%® This provides
the basis for the calculation of the rotational energy transfer
distribution at a given scattering angle r,. We randomly select
orientation angles a« and 8 and then invert eq. (2) to find the one
or three impact parameters giving scattering at r =r7,. These
values of » may then be used to calculate AJ. The change in
rotational energy at a given molecular orientation is then given by

£ -13  AT(b s &,
ABm(a,8) =[5 0] 3 Sglenf) )
where pup is the reduced mass of the molecule, », the rigid rotor
bond length and the &; are the impact parameters that give scatter-
ing v =7, It is found that the formulas for AJ? are prcportiona]
to the inverse of the center of mass velocity squared, (1/vem)?. We
have therefore found it covenient to carry out all caclulations
for a reduced variable EAE:. ‘

To determine the rotational energy transfer distribution,
P(EAE:w), EAE:(a,B) is calculated for randomly selected values
of « and (. If these values are “binned” the usual histogram
distribution is obtained. We have chosen to expand the distributions
in a Fourier series in a way analogous to that described by Kosmos
and coworkers,®,

Figures 5 and 6 show the distributions obtained for various values
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Fig. 5. Rotational energy transfer distributions at the reduced scattering
angles = for Li+—CO, The calculations were done using the potential
parameters discussed under Fig. 1. The lower abscissa scale is in the
units of the calculation, eV2, The upper scale shows the final rotational
quantum number (presuming initial J =0) for E =4.28eV. These
figures may be compared with the time of flight spectra of ref. 9.
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Ion-Molecule Differential Cross Sections
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Potential energy transfer distributions at the indicated reduced
scattering angles = for Li+-N,. The calculations were done using the
potential parameters described under Fig. 3. The lower abscissa scale
is in the units of the calculation €V2, The upper scale shows the final
rotational quantum numbers for E = 4.23eV. The arrows indicate the
maxima in experimental distributions given in ref, 10. The poor
agreement with experiment for the r =205.2 eV deg. distribution is
surely due in part to the breakdown of the CPST approximations for
the relatively large scattering angle (42.5 deg,) at which the experi-
ment was carried out.
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of r for the Li*+—CO and Li*—N. systems. Note that two abscissa
scales are shown. The lower is EAE in eV:. The upper is the
final rotational quantum number J;, where we presume that the
rotor is originally in the J =0 state and that the collision takes
place at the indicated energy. Arrows in the Li+—N, distributions
indicate the maxima of the experimental distributions.

1V. DISCUSSION

Both the differential cross section and the energy transfer
distributions may be formally defined in terms of the delta function:

oo~ L ["singas [ da [ babole(a,8,0) — ] 5)
P(AE) =~ [“singda [ das[AE(a, B) — AE'] (6)
= iz Jo m § [+ o, L.

If the r(a,"8, b) or AE(a, §) “surfaces” have maxima, minima or
saddle points, then singularities will appear: the classical rainbow
in the case of eq. 5 (see Figs. 1 and 3) and the rotational rainbow
in the case of eq. 6. In complex systems these rainbow singularities
are normally quenched. However remnants of the rainbows can
clearly be seen in both the differential cross sections and the energy
transfer distributions,
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STUDIES ON THE CATIONIC
PHOTOPOLYMERIZATION OF EPOXY RESINS

Dong-TsairR HWANG, JoNQ-MiIN Liu
and SuNG-NUNG LEE

1. INTRODUCTION

Thermally-hardened epoxy resins of various types are well
known to have an excellent range of properties:® electrical charac-
teristics, chemical resistance, heat stability, adhesion to substrates,
mechanical properties, and so on. In view of the trend toward better
properties in the coatings, it is not surprising that in electronics.
and other industries, the development of photocrosslinkable systems
able to give similar excellent properties is being taken as a very
worth-while present-day target. One approach has been to develop
photoinitiators for the cationic polymerization of epoxy compounds.
There are three general classes that are currently of importance:
aryldiazonium salts, diaryliodenium salts, and triarylsulfonium
salts. All of these “onium” salts have a counter anion with low
nucleophilicity, such as tetrafluoroborates or hexafluorophosphates,
Although aryldiazonium salts were known to be cationic photoini-
tiators in the 1950’s,the poor thermal stability and the gas evolving
problem limit the use of diazonium salts in coatings and other
applications.® The diaryliodonium and triarylsulfonium salts which
have been developed and studied in more recent years as photoini-
tiators for epoxy polymerization do not suffer from these limita-
tions, and consequently they have awakened quite considerable
interest,®—®

Typical commercial epoxy resins (diglycidyl ether of bisphenol
A, DGEBA) usually exhibit a glass transition temperature (Tg) in
the range of 140°~170°C. Demands for even higher performance
systems resulted from the electronic fields and aerospace fields. They
continue to challenge the polymer chemist. By employing 9, %-bis
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(4-hydroxyphenyl) fluorene instead of bisphenol A, an epoxy resin
(diglycidyl ether of bisphenol fluorene, DGEBF) with better thermal
property was synthesized.®

OH

9 0-CHy CH-CH,

({HECH"CHio

o)

In this article, we report the use of diaryliodonium hexafluoro-
phosphate as photoinitiator to study curing rates, and heat pro-
perties of epoxy resins including DGEBA, DGEBF, vinylcyclohexene
dioxide (ERL-4206), and 3, 4-epoxy-6-methylcyclohexyl-3, 4-epoxy-6-
methylcyclo-hexane carboxylate (ERL-4221).

0 0

O O

ERL-4221 ERL-4206

2. RESULTS AND DISCUSSIONS

The effects of initiator concentration on the curing rates and
Tg’s of cured ERL-4221 resin are shown in Fig. 1 and Fig. 2. Both
curing rates and Tg’s are increased with the initiator content.
Theoretically, the cationic polymerization is a “living” process.d®
If this is true, the average molecular weight should be increased
with the decrease of initiator content. However, the experimental
results are inverse, the DSC study of the post cure of UV irradiated
films gives exothermic curves. The exothermicity decreases with
the increase of initiator content (Fig. 3). Apparently, terminating
reactions caused by moisture absorbed are not negligibe. With more
initiator content, the curing rate is faster the degree of polymeriza-
tion is higher, and the Tg of the cured film results higher.



Fu Jen Studies 21
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Fig. 1. Effect of initiator content on curing rate.
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Fig. 2. Effect of initiator content on Tg’s.

The effect of temperature on the curing rates and Tg’s of
ERL-4221 are shown in Fig. 4 and Fig. 5. Both curing rate and Tg
increase with the curing temperature. The increasing of Tg’s with
temperature is a result of the higher degree of polymerization
as shown in Fig. 6. The origin of the temperature influence on the
curing rates may be very complicated. The possible parameters
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involved are the decomposition quantum yield of the photoeinitiator,
the propagating rate of the polymerization and the viscosity of the
curing composition, etc. These results indicate that temperature
control of cationic UV curing is very crucial to the end-properties

of cured films.

—ndo  eX0 ——=

3IPhr

&

60 70 90 1001101
Temp (°C)

Fig. 3. Effect of initiator content on the degree of curing.

endo eX0 ————a=

Time (min)

Fig. 4. Effect of temperature on the curing rate.
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Fig, 5. Effect of temperature on Tg's.

\N
70C
90'C

2 noe’c

endo ex0 ———te

o 1 L 1 L L 1 i 1 ! 1 1
2]0 ’Slﬁ L0 50 60 70 80 SO 100 10 120 130 140
Temp (*C)

Fig. 6, Effect of temperature on the degree of curing,

‘When comparing the thermal stability of DGEBA with its coun-
terpart, DGEBF, the latter exhibits a profound increase in the
thermal stability, as shown by high Tg’s, oxygen index values and
char yield values. However, photocrosslinking of DGEBF resins
was not reported before. The Tg's of UV cured DGEBF resin,
DGEBA resin, and their blends are shown in Fig. 7. The glass
transition temperatures of neat DGEBA and EGEBF are 140°C and
22°C respectively. Upon blending, the mixed system of DGEBA and
DGEBF shows several Tg’s. This indicates that the mixture does
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not copolymerize homogeneously. The kinetics of the copolymeriza-
tion of DGEBA and DGEBF are currently under investigation in
the laboratory at Fu Jen Univerity.

The thermal gravimetric analysis of the UV cured films of
DGEBA, DGEBF, and their blends are shown in Fig. 8. DGEBF
exhibits a higher char yield than DGEBA. But the weight loss in
the early stage is more serious for DGEBF. The blended mixture
exhibit intermediate properties. By changing the ratio of DGEBA
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and DGEBF, it is possible to tailor the end-property of the cured
film. :

3. CONCLUSION

There is increasing interest in photopolymer systems of
epoxy resins which give very good properties when crosslinked.
This work demonstrates that curing temperature and initiator con-
tent have profound influence on the photopolymerization of epoxy
resins. We also demonstrate that DGEBF resins are UV curable
with diphenyliodonium hexafluorophosphate as photoinitiator. The
resulted films exhibit higher Tg’s and char yield values. By com-
pounding DGEBA with DGEBF, epoxy resins with different thermal
properties can be made.

4. EXPERIMENTAL

a. Preparation of Diphenyliodonium Hexafluorophosphate

Into a 500 ml, three necked, round bottomed flask equipped with
a paddle stirrer, addition funnel, thermometer, and condenser were
placed 100 g potassium iodate, 100 ml acetic anhydride, and 90 ml
henzene. This mixture was cooled to —5°C and then a solution com-
posed of 70 ml concentrated sulfuric acid and 100 ml acetic anhydride
was added dropwise via the addition funnel. During the addition,
the temperature was not permitted to rise above 5°C. When the
addition had been completed, the reaction mixture was allowed to
rise to room temperature. After standing for 48 heours, the reaction
mixture was again cooled to 5°C and then 200ml distilled water
was added at such a rate that the reaction temperature did not
exceed 10°C. At this point, 75ml diethyl ether was added and the
reaction mixture was filtered to remove KHSO,. The aqueous solu-
tion was then added with 200 ml KPF, solution, containing 80 g
KPF;. After stirring, the diphenyliodonium hexafluorophosphate was
filtered off, washed and dried in vacuum at 60°C to give 602 yield
of product; mp 192-195°C.
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b. Preparation of Deglycidyl Ether of Bisphenol Fluorenet®

A reaction kettle equipped with a thermometer, a mechan-
ical stirrer, and a water-cooled condenser, was charged with one
mole of 9,9-bis (4-hydroxphenyl) fluorene and 8 moles of epichloro-
hydrin., The stirrer was started and the reaction mixture was
heated to 90°C. Over a period of 3 to 4 hours, 2 moles of sodium
hydroxide pellets were added to the reaction mixture and the
reaction temperature was maintained between 90 and 100°C. The
reaction mixture was filtered to separate the solid sodium chloride
formed during the reaction. The salt cake was then washed with
additional epichlorohydrin and the unreacted epichlorohydrin was
distilled off under a vacuum of 30 mm Hg from the filtrate. After
no additional epichlorohydrin could be removed, the vacuum was
further decreased to 2mm Hg for 30 min. at 170°C. A white
crystalline powder was obtained by recrystalization of the residue
from acetone/absolute ethanol.

¢. DSC Calorimetric Analysis of the UV Curing System

A modified differential scanning calorimeter employed for the
curing rate study was equipped according to Moore’s report.> The
UV light source is a Hanovia 450W medium pressure mercury lamp.
The DSC machine is manufactured by E.I. DuPont Co.

d. UV Curing of Epoxy Coatings

The UV curing machine is equipped with a medium pressure
mercury lamp (80W/cm) and a conveyor. The machine was manu-
factured by C-Sun Industrial Ltd., model No. UV C-101.

e. ERL-4221 and ERL-4206 are commercial products of Union
Carbide

DGEBA employed in the experiment is Epon-828 of Shell Chem-
ical Co.
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“Always remember your first obligation is to your
conscience.”

Often during my boyhood I heard these words repeated
by my grandfather, who was a clergyman. It was his private
sermon to me; his personal version of Shakespeare’s “To
thine own self be true.”

His words still make good sense. Who among us is
not from time to time driven to make a decision between
conflicting demands? A public servant or private citizen, all
of us are often tempted to compromise on the easy, pleasant
course. By doing one thing, we sidestep embarrassment.
By doing another we gain immediate applause. By doing a
third we quiet the loudest voices. How, then, can we deter-
mine the right thing to do?

My grandfather’s answer was always the same: “Re-
membey your first obligation is to your conscience. If you
have to make a difficult decision, ask yourself how your
conscience will react to it tomorrow, the next day and the
next year. If you have any qualms, then that decision is
wrong. Change it.”

SENATOR IRVING M. IVES
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SCANNING ELECTRON MICROSCOPE STUDIES
ON POLLEN GRAINS AMONG THE FORMS
OF KIRISHIMA AZALEA

CHING-SHIA CHEN

ABSTRACT

Rhododendron  obstusum  Planch var. sakamotoi Komatsv
(Kirishima Azalea) is a variety of the Ericaceae. It has many
forms in Taiwan. The flowers are of many colors., The types of
corolla are funnel shaped and have double petals. In general we
use the morphological characteristics to identify the forms; but
classification of forms is also possible if we examine pollen grains
with the Scanning Electron Microscope.

INTRODUCTION

The Azalea are commonly cultivated plants in Taiwan.
Rhododendron obtusum Planch var. sakamotoi Komatsv (Kirishima
Azalea) is a special plant. This plant is very small and has
branches. It has many flowers. The corolla has many colors and
the types of the corolla are from funnel shaped to double petals.
In Taiwan, there are many forms of Kirishima Azalea, and more
and more cultivated hybrids are coming up. In the study of the
pollen grains, we can identify the characteristics of species and
varieties using the Scanning Electron Microscope (Chen 1980). It
is the aim of this study to show that we can also use the SEM to
identify the forms.

In the usual methods of Plant Taxonomy, we look at the
morphology of Rhododendron. From Burm 1768, Blume 1823, Hook
1829, Sweet 1832, G. Don 1834, Bubge 1833, Paxton 1841, Dippol 1839,
Hemsl 1895, Engler & Prantl 1897, Matsum & Hayata 1906, Kanehira
1917, Mark & Huchinson 1917, Wilson 1921, Mori 1936, Copland 1943,
Liu 1926, Li 1963, Yang 1971, Li 1978, until now, we relied on their
methods of taxonomy.

The study of pollen grain of Rhododendron began with
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Wodehuse 1930, Yang 1952, Erdtman 1952, Faegri & Iverson 1964,
Huang 1968, Erdtman & Sorsa 1971, Wang 1972. All of them used
a light microscope.

The usage of the Electron Microscope started with Skavala &
Pyle 1968. Since then, using the SEM to study the pollen grains
became very popular by Skvarla & Pyle 1968, Ridgeway 1969,
Erdtman 1969, Heslop Harrison 1969, Lynch 1975, Huber & Chen
1975, Feuer 1980, Argue 1980, Chen 1980. There is no doubt that
the SEM can be used for the identification of the species and
varieties of the characteristics of pollen grains (Huber & Chen
1975, Chen 1980). But the identification of the characteristics of
forms was not possible until the electron microscope was invented.
Especially for identifying the forms of relationships of Rhododendron
pollen grains, another type of analysis was necessary.

For this purpose, the pollen tetrads of seven forms in one
variety of Rhododendron were examined. There were two groups:
three funnel shaped flowers and four double-petal flowers. We used
the Scanning Electron Microscope for examination.

At the same time, the petals of flowers of different forms were
also identified with the Scanning Electron Microscope (SEM).

The study of the morphology of a plant together with the
study of the morphology of the pollen grains and the petals offer
a clear way to understand the plant.

MATERIALS AND METHODS

The materials used in this study were taken directly from the
fields (Grass Mountain), and photographs were made for the record.
The pollen grains were obtained from field collections. Voucher
numbers and collecting data are recorded in Table 1.

Pollen grains for scanning with the SEM were mounted with
adhesives on specimen holders and coated with carbon and gold.
The Scanning Electron Micrographs were made at Fu Jen Univer-
sity by Prof. Chu-Fang Lo with a JSM 15 Scanning Electron
Microscope.

The photographs were taken immediately after the location of
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Table 1. The collection data for Rhododendron obtusum Planch
var. sakamotoi Komatsv (Kirishima Azalea) used in this
study and their pollen grains as examined by C.S. Chen

1981-1982. All types of specimens are at the Biology
Department Herbarium, Fu Jen University

Forms of Kirishima Azalea Locality Collector
1. Red funnel shaped flower Wai-shuang-hsi C.S, Chen 2997
Grass mountain C.S. Chen 3388
2. Orange-red funnel shaped flower | Grass mountain C.S. Chen 3389
3. Rose-red funnel shaped flower Grass mountain C.S. Chen 3390
4. Purple double-petal flower Grass mountain C.S. Chen 3391
5. Pink double-petal flower Grass mountain C.S, Chen 3392
6. White double-petal flower Grass mountain C.S. Chen 3393
7. White and pink mixed double- Grass mountain C.S. Chen 3394
petal flower

the desired area and the determination of the most useful magni-
fication, 2000X%.

The corolla was prepared for the same specimens. The petal
pieces were excised from the air-dried corona, mounted with
adhesives on specimen holders (Chapman 1976, Shaw & Smeins
1979), and coated with carbon and gold, and examined in a JSM 15
Scanning Electron Microscope at Fu Jen University. The photo-
graphs are all of the same magnification 1000 x.

OBSERVATION

Rhododendron obtusum Planch var. sakamotoi Komatsv in Bot.
Mag. Tokyo 32:14, 1918; Mori in Masmune Short Fl. From 160,
1937; Yamamoto in Journ. Soc. Trop. Agr. 5:406, 1933; Makino in
Jap. Flo. 1:261, 1955; Uehara in III Dec. Trees 3:442, 1959. (Fig. 1,
2,3:4,5,6 71

The shrub is 1-3m high and many-branched. The young
branches are clothed with brown hair. Leaves are chartaceous
and dimorphic. The forms are oblong, elliptic-ovated about 1.2-15
cm long, and 1-1.2cm wide. The apex and the base are acute.
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The surface of both sides is densely covered with long hair.
There are 2-3 flowers in the terminal. The corolla has many colors
from red to white. The corolla is funnel shaped and has double
petals, about 2.4-3.7 cm in diameter. The calyx is 5-lobed. The
lobes are oblong-ovated, and have strigose. They have 5 stamens.
The filaments are granulate spots at the base. The style and ovary
are covered with long hair. Capsules are 0.6-0.7cm long and
spread with hair.
Endemic. It is cultivated in Japan since many years.

1. Red funnel shaped flower form (Fig. 1)

Pollen grains are tetrads. The tetrad is intersemiangularly
spherical. The longest diameter is 47-55 4. The globals have 3
colpates. The colpus is opened. The nexine of the colpus is granu-
lated (Fig. 8). The sexines are granulated. The face combined with
three polar views is depressed, and became circularly constricted.
The baculus is well processed and round. The viscin strand
combines the surface. (Fig. 8)

The cells of the epidermis are clearly separated. The epidermis
of the corolla is short-vermiculated and very dense. (Fig. 9)

2. Orange-red funnel shaped flower form (Fig. 2)

Pollen grains are tetrads, The tetrad is intersemiangularly
spherical. The longest'diameter is 46-54 ;. The globals have 3
colpates. The colpus is opened. The nexine of the colpus is small
granulated. The sexines are granulated. The face combined with
three polar views is deeply depressed, and became a triangular
pore (Fig. 10). The baculus is well processed. The viscin strand
combines the surface. (Fig. 10)

The cells of the epidermis cover each other. The epidermis of
the corolla is striated and short-vermiculated in different cells.

(Fig. 11)

3. Rose-red funnel shaped flower form (Fig. 3)

Pollen grains are tetrads. The tetrad is intersemiangularly
spherical. The longest diameter is 46-60 u. The globals have 3
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colpates. The colpus is opened. The nexine of the colpus is large
and granulated. The sexines are very small and granular. The {face
combined with three polar views is deeply depressed, and became
a pore (Fig. 12). The baculus is well processed and round. The
viscin strand combines the surface. (Fig. 12)

The cells of the epidermis are irregular, and on some places
constricted. The epidermis of the corolla is scparately short-
vermiculated. (Fig. 138)

4. Purple double-petal flower form (Fig. 4)

Pollen grains are tetrads. The tetrad is intersemiangularly
spherical. The longest diameter is 44-53 4. The globals have 3
colpates. The colpus is opened. The nexine of the colpus is small and
granulated. The sexines are clearly granulated. The face combined
with three polar views is deeply depressed, and became a large
pore (Fig. 14). The baculus is well processed and very rounded
(Fig. 14). The viscin strand combines the surface. (Fig. 14)

The cells of the epidermis are irregular and constricted. The
epidermis of the corolla is short-vermiculated and fine striated in
different cells. (Fig. 15)

5. Pink double-petal flower form (Fig. 5)

Pollen grains are tetrads. The tetrad is intersemiangularly
spherical. The longest diameter is 46-62 4. The globals have 3
colpates. The colpus is opened. The nexine of the colpus is doubled
and granulated (Fig. 16). The sexines are small granulose. The
face combined with three polar views is very deeply depressed,
and became a large pore. The baculus are well processed. The
viscin strand combines the surface. (Fig. 16)

The cells of the epidermis are arranged and regular. The
epidermis of the corolla stretches out in three different directions
and is long striated. (Fig. 17)

6. White double-petal flower form (Fig. 6)

Pollen grains are tetrads. The tetrad is intersemiangularly
spherical. The longest diameter is 45-60 . The globals have 3
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colpates. The colpus is opened. The nexine of the colpus has only
one granulum (Fig. 18). The sexines are clearly granulose. The
face combined with three polar views are very deeply depressed,
and became a large irregular pore (Fig. 18). The baculus is well
processed and rounded. The viscin strand combines the surface.
(Fig. 18)

The cells of the epidermis are irregular and constricted. The
epidermis of the corolla is densely short-vermiculated. (Fig. 19)

7. White and pink mixed double-petal flower form (Fig. 7)

Pollen grains are tetrads. The tetrad is intersemiangularly
spherical. The longest diameter is 45-53 ». The globals have 3 col-
pates. The colpus is opened. The nexine of the colpus is granulated
(Fig. 20). The sexines are densely granulose. The face combined
with three polar views is deeply depressed, and became a pore.
The baculus is processed. The viscin strand combines the surface,
(Fig. 20)

The cells of the epidermis are regularly arranged. The
epidermis of the corolla is fine-long striated. (Fig. 21)

CONCLUSION

Rhododendron obiusum Planch var. sakamoti Komatsv (Kirishima
Azalea) is a variety of the Ericaceae. There are many forms of
them in Taiwan, and more and more cultivated hybrids appear.
The morphology of the plants is the same. They are very small.
The leaves are complete, coriaceous. The flowers are fascicled,
and terminate on top. The corolla is many colored. There are
redoues, orange-redoues, rose-redoues, purpleoues, pinkoues, and
whiteoues etc. There are even mixed colored ones such as white
and pink. The type of corolla is from funnel shaped to double
petals. So there is a lot of variety of them.

With the morphology of the plant taxonomy, the forms of
Kirishima Azalea are very distinct in color in each flower.

All pollen grains of Kirishima Azalea have a great similarity.
They are tetrahedral tetrads and radially symmetrical. The global
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has 3 colpates. Each colpus opens between two polar areas. The
NPC is 343. The L-pattern analysis shows an OL-pattern. The sexine
is granulated. Pollen grains have viscin strands combining each
other.

Using the SEM, we obtained the characteristics of seven forms.
They are red funnel shaped flowers, orange-red funnel shaped
flowers, rose-red funnel shaped flowers, purple double-petal flowers,
pink double-petal flowers, white double-petal flowers, white and
pink mixed double-petal flowers.

According to these characteristics, we can divide them into
funnel shaped flowers and double-petal flowers. The face combined
with three polar views of the double-petal flowers is more depressed
than those of the funnel shaped flowers. (Fig. 8, 10, 12, 14, 16, 18,
20)

In the funnel shaped flowers, the degrees of the face depressed
are different. The red flowers are light (Fig. 8), the orange-red
and rose-red flowers are deep (Fig. 10, 12). The pore of the face
depressed in the rose-red flower is round, and in the orange-red
flower triangular.

In the double-petal flowers, there are two kinds of faces of
polar views. The white flower has an irregular pore (Fig. 18).
The others have three pores (Fig. 14, 16, 20).

The face of three polar views are deeply depressed in pink
flowers and in white and pink mixed flowers. They are different
from the purple flowers (Fig. 14). The pink flowers and the white
and pink mixed flowers are distinguished in the baculus. The pink
flowers are rounder than the white and pink mixed flowers (Fig.
16, 20).

Therefore, we can differentiate the forms in pollen grains using
the SEM photographs.

In the epidermis of the corolla, the best way of identification
is the arrangement of the cells of the epidermis. The cells of
epidermis are regular cells in the pink double.petal flowers. The
cell walls are clear, and on the surface of the epidermis there are
processed long-striated lines from different directions (Fig. 17).
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The cells of epidermis are separated from each other in red funnel
shaped flowers. The epidermis of the corolla is short-vermiculated
(Fig. 9). The irregular cells are orange-red funnel shaped and
white and pink mixed double-petal flowers. The epidermis of
white and pink mixed double-petal flower form is fine-long-striated,
and the orange-red funnel shaped flower form is striated and short-
vermiculated in different cells. (Fig. 11)

The cells are constricted in rose-red funnel shaped flowers,
purple double petals flowers, and white double-petal flowers. The
epidermis of the corolla in the white double-petal flower is densely
short-vermiculated (Fig. 19). The rose-red funnel shaped flower is
separately short-vermiculated (Fig. 13). The purple double-petal
flower is short-vermiculated and finely striated in different cells.
(Fig. 15)

Therefore, the epidermis of corolla has a distinct characteristic

in forms.

DISCUSSION

By identifying the forms of Kirishima Azalea with the Scanning
Electron Microscope, we were able to find the characteristics of
pollen grains and the epidermis of corolla. But still with the
method of flower color, plant-morphology seems easier and seems
to lead to better results.

In the above experiments, the epidermis of corolla were con-
stricted by air drying method. The problem is that the types of
plant cells might have been changed because of deformation during
the drying process. Further investigations will be done.
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Fig. 1. Rhododendron obstusum Planch var. sakamotoi Komatsv,
Red funnel shaped flower form.

Fig. 2. Rhododendron obtusum Planch var. sakamotoi Komatsv.
Orange-red funnel shaped flower form.
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Fig. 4. Rhododendron obtusum Planch var. sakamotoi Komatsv.
Purple double-petal flower form.
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Fig. 5. Rhododendron obtusum Planch var. sakamotoi Komatsv,
Pink double-petal flower form.

W

Fig. 6. Rhododendron obtusum Planch var. sakamotoi Komatsv.
White double-petal flower form.

39
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Fig. 7. Rhododendron obtusum Planch var, sakamotoi Komatsv,
White and pink mixed double-petal flower form.
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Fig. 8. Pollen grain of R. obtusum Pl. var. sakamotoi K. Red F.S. flower
form. The tetrad is intersemiangularly spherical. The colpus is open-
ed. The nexine of the colpus is granulate, The sexines are granulated.
The face combined with three polar views is depressed, and became
circularly constricted, The baculus is very processed and rounded.
The viscin strands combine the surface. x2000.
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Fig. 9. The corolla of R. obtusum Pl. var. sakamotoi K. Red F.S, flower form.

The cells of the epidermis are clearly separated. The epidermis of the
corolla is short vermiculated and very dense. x1000.

Fig. 10. Pollen grain of R, obtusum Pl. var. sakamotoi K. Orange-red F, S,
flower form. The tetrad is intersemiangularly spherical. The colpus
is somewhat granulated. The sexines are granulated. The face com-
bined with three polar views is deeply depressed, and became a
triangular pore. The baculus is well processed, The viscin strand
combines the surface. x 2000.
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Fig. 11.

Fig. 12,
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The corolla of R. ebtusum Pl. var. sakamotoi K. Orange-red F, S,
flower form. The cells of the epidermis cover each other. The
epidermis of the corolla is striated and short vermiculated in different
cells. = 1000.

Pollen grain of R, obtusum Pl. var. sakamotoi K. Rose-red F. S, flower
form. The tetrad is intersemiangularly spherical. The colpus is
opened. The nexine of the colpus is large and granulated. The sexines
are very small and granulated, The face combined with three polar
views are deeply depressed, and became a pore, The baculus combines
the surface. x2000.
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The corolla of R. obtusum Pl, var, sakamotoi K. Rose-red F.S, flower
form. The cells of the epidermis are irregular, and on some places

constricted, The epidermis of the corolla is separately short
vermiculated, x1000.

Pollen grain of R. obfusum Pl, var, sakamotoi K. Purple D, P, flower
form. The tetrad is intersemiangularly spherical. The colpus is
opened. The nexine of the colpus is somewhat granulated. The
sexines are clearly granulated. The face combined with three polar
views is deeply depressed, and became a large pore. The baculus is
well processed and very round. The viscin strands combine the
surface. %2000,
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Fig. 16.
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The corolla of R. obtusum Pl, var. sakamotoi K. Purple D,P. flower
form. The cells of the epidermis are irregular and constricted, The
epidermis of the corolla is short-vermiculated and fine-striated {in
different cells, x1000.

Pollen grain of R.ebtusum Pl. var. sakamotoi K. Pink D.P. flower
form. The tetrad is intersemiangularly spherical. The colpus is
opened. The nexine of the colpus has two granula. The sexines are
somewhat granulose, The face combined with three polar views is
very deeply depressed, and became a large pore, The baculus is very
processed, The viscin strands combine the surface. x2000.
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Fig. 17. The corolla of R. ebtusum Pl. var. sakamotoi K. Pink D.P. flower
form. The cells of the epidermis are regularly arranged. The
epidermis of the corolla stretches out in three different directions and
is long-striated, x1000.

Fig. 18. Pollen grain of R. obfusum Pl. var. sakamofoi K. White D, P. flower
form. The tetrad is intersemiangularly spherical. The colpus is
opened, The nexine of the colpus has one granulum. The sexines are
clearly granulose. The face combined with three polar views are
deeply depressed, and became a large irregular pore, The baculus
are well processed and rounded, The viscin strand combines the
surface, x 2000,
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Fig. 19. The corolla of R. obtusum Pl. var. sakamotoi K. White D.P. flower
form. The cells of the epidermis are irregular and constricted, The
epidermis of the corrolla is densely short-vermiculated, x1000.

Fig. 20, Pollen grain of R. obtusum Pl. var. sakamotoi K. White and pink
mixed D, P, flower form. The tetrad is intersemiangularly spherical.
The colpus is opened. The nexine of the colpus is granulated. The
sexines are densely granulose, The face combined with three polar
views are deeply depressed, and became a pore. The baculus is
processed, The viscin strand combines the surface.. x 2000,



Fig.

(5)
(6)

(7
(8)
(9)
(10)
(11)
(12)
(13)
(14)
(15)

(16)

Fu Jen Studies 47

£ ' \ ¥ Ay .M‘f f
21. The corolla of R. obtusum P\, var, sakamotoi K. White and pink
mixed D, P. flower form. The cells of the epidermis are regularly

arranged, The epidermis of the corolla is fine-long-striated. x1000.
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DIETARY FIBER IN BAKED PRODUCTS AND
STARCH-SNACK FOOD SYSTEMS: REVIEW

WENLI JWUANG, S. Sp. S.

INTRODUCTION

It is believed that an optimum amount of dietary fiber can
prevent gastrointestinal diseases such as censtipation (Burkitt
et al., 1972), diverticulitis (Painter and Burkitt, 1971), bowel polyps,
colonic cancer (Burkitt, 1974), and appendicitis (Burkitt, 1971,
Walker et al., 1973). Ischaemic heart disease (Trowell, 1972), obesity
(Walker, 1964), and gallstones (Burkitt e/ al., 1974) are also possibly
related to a dietary fiber deficiency.

Current studies on the role of dietary fiber reveal that both
the source and the amount of dietary fiber have changed during the
last century (Friend, 1967). A marked reduction in consumption of
cereals has occurred in Western diets during the past century.
Along with this reduction, an increased amount of animal products,
highly refined cereals,and sweet foods have been consumed (Burkitt,
1973).

To introduce fiber back into our diet, consumption of such foods
as vegetables, cereals, cereal brans, bean hulls, nut skins, plant
seeds, seaweeds, plant exudates, commercial cellulose, and synthetic
gums will have to increase.

It is also possible to increase the level of dietary fiber in foods
commonly consumed. However, increasing the level of dietary fiber
in a food system may have a significant effect on the quality
characteristics of a product. Food researchers have increased the
amount of dietary fiber in various food products with dietary fibers.
Several research papers indicated that various bakery products
are feasible fiber carriers, i.e., bread (Tsen, 1975; Lorenz, 1976;
Pomeranz et al., 1976; Khan et «l., 1976; Prentice and D’Appolonia,
1977;_Casey and Lorenz, 1977; and Volpe and Lehmann, 1977), cake
(Rajchal et al., 1975; Brockmole and Zabik, 1976; Zabik, et al., 1977;
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Dietary Fiber in Baked Products

Table 1. Means and Standard Deviations of the Mean for
Enzymatic Neutral Detergent Fiber Content in

Commercial Whole Grain Breads, Cereals,

Breads, Cookies, and Snacks®

Food items 2 ENDF %ff;’gfv%‘{;
Whole grain bread
Schwarzbrot 13.5040.02 3.85
Pumpernickel 11.33+0.36 3:25
Stollen 7.84+0.11 2.23
Awrey Heart Health Wheat Bread 7.66x£0.20 2.18
Italian Rye Bread 5.21%0.04 1.48
Cereals )
Kellogg’s All Bran 34.06+0.44 9.71
Kellogg’s Bran Buds 33.8440.04 9.64
Kellogg’s Raisin Bran Flakes 14.7240.15 4,20
Ralston’s Wheat Chex 13.8540.13 3.95
Kellogg’s Frosted Mini-Wheats 13.55+0.19 3.86
General Mill’s Wheaties 10.5740.55 3.01
Food Club Raisin Bran Flakes 8.8040.11 2.51
Grape-Nut Cereal 7.5440.45 2.15
Kellogg’s Country Morning 6.34£0.30 1.81
Nature Valley's Nature Cereals 5.8740.43 1.67
General Mill’s Total 5.81£0.19 1.66
Nature Valley, Granola Cinnamon & 5.63+0.25 1.60
Raisin Cereal
C.W. Post Family Style Cereal 4.5640.28 1.30
Cap’n Crunch Crunch Berries 3.84+0.18 1.09
Cookies and snacks
Doritos Tortilla Chips 32.44+£0.46 9.25
Sesame and Bran Sticks 16.10£0.12 4.59
Corn Chips 14.110.04 4,02
Potato Chips 12.6440.28 3.60
Sesame Buds 10.85+0.12 3.08
Nature Valley Granola Bar with Coconut 8.0940.10 2.3%
01d Fashioned Oatmeal Cookies 5.4340.16 1.55
Fig Bar 4.254+0.16 1.21
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Food items 2 ENDF 11g (Eﬁgﬁﬁg
Crackers and European Crisp Breads
Sijan Swedish Rye Crisp Bread 36.2740.31 10.34
Ideal Flat Bread, Norwegian 28.2340.28 8.05
Rogga 25.4040.36 7.24
King’s Crisp Bread 25.21+0.22 7.24
Crisp Bread with Linseed 22.444:0.09 6.40
Mors Flat Bread 17.7740.15 5.05
Crisp Bread with Sesame 16.4440.26 4.69
Triscuit whole wheat 14.674£0.42 4,11
Wheat Square Crackers 5.4140.41 1.54
Honey Sorghum 4.76£0.29 1.36
Hearty Wheat Snack Cracker 3.67+0.38 1.05
Other food stuffs
Red Wheat Bran 40.81+0.12
White Wheat Bran 39.77+£0.14
Wheat Germ 24.264+0.14
Sesame Seeds 14.36+0.10
Jiffy Bran Muffin Mix 9.67+0.08
Whole Grain Natural Rice 5.9740.18
Rolled Oat 5.63£0.28

M Jwuang (1978)

Shafer and Zabik, 1978), biscuits (Brys and Zabik, 1976), sugar-
snap cookies (Khan et al., 1976; Casey ef al., 1977; and Vratanina,
1978) and snack foods (Jwuang, 1978),

Jwuang and Zabik (1979) assessed the potential dietary fiber
contribution of selected commercial foods and home-prepared quick
and yeast breads; over 40 commerically available breads, European
crisp breads, breakfast cereals, crackers, snack foods and 10
home-prepared breads were analyzed for their Enzymatic
Neutral Detergent Fiber (ENDF) content (Table 1). The com-
mercial bread weuld provide from 15 to 39g ENDF per ounce.
European crisp bread contained from 4.7 to 9.7g ENDF per ounce.
Snack foods were also good sources of dietary fiber providing from
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3.1 to 932 ENDF per ounce, while cookies and crackers analyzed
ranged from 1 to 4 g ENDF per ounce, The components of dietary
fiber according te Southgate (1976) is shown in Table 2.

Table 2. Components of Dietary Fiber®

Prmmi)]?é i}riné:ces 18 Description Classical nomenclature
Structural materials of Structural Pectic substances,
the plant cellwalls polysaccharides Hemicellulose,
Cellulose,
Non-carbohydrates Lignin and mineral
constituents components
Non-structural Polysaccharides from Pectic substances, Gums,
materials either variety of sources Mucilages, Algal
found naturally or polysaccharides,
used as food Chemically modified
additives polysaccharides

) Southgate (1976)

The purpose of this review includes the current food research
in product development of the high-fiber baked products and the
texture characteristics of the snack foods.

USE OF DIETARY FIBER IN FOOD SYSTEMS

Dietary Fiber in Cakes _

Both alpha-celluloses and cereal brans have been recommended
as good sources of dietary fiber for their functional bulking pro-
perties in food and nutrition. Microcrystalline cellulose has been
used as a partial substitute for wheat flours in the production of
muffins, cookies (Lee ef al., 1968), cakes and biscuits (Brays and
Zabik, 1976) and mashed potatoes (Lee ef al., 1968) for use in low
caloric diets, Zabik et al., (1977) reported on substitutions with 8
kinds of celluloses (Solka-Floc BW-200, Avicel PH-101, Prototype
sample #170-2, Prototype sample #174-2, Prototype #170-2 plus
CMC, Prototype sample #174-2 plus CMC, Prototype sample # 174-2
(8525) coated with 1525 NF grade citric pectin, and 702 Prototype
sample $174-2 coated with 302 NF grade citric pectin) for 302 of
the cake flour in high ratio layer cakes. The results indicated that
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all cakes were of good quality with few significant differences
occurring among the objective and sensory data, However, cakes
containing pectin-coated cellulose had compact, gummy, soggy and
dough-like textures and were slightly gray in interior color.

Rajchel et al., (1975) reported that up to 1625 wheat bran and
1225 middlings could be successfully used in place of flour and
incorporated into chocolate, banana, nut and spice cakes. Brockmole
and Zabik (1976) also indicated that replacement of flour with 162
wheat bran and 122 middlings in white layer cakes was acceptable.
They found that the particle size of the bran used in these cakes
could affect the quality characteristics. Springsteen ef al., (1977)
indicated that the fineness of grind was important for successful
incorporation of bran into cakes and found that substitution of 30%
of the cake flour with a finely ground bran produced acceptable
cakes. The behavior of wheat brans and other cereal brans in white
layer cakes was compared by substituting three types of wheat
brans (hard red, hard white, and soft red), corn bran, soy hulls
and oat hran for 3025 of the cake flour (Shafer and Zabik, 1978).
Successful results were obtained in the layer cake systems at the
level of 3022 substitution of wheat and corn bran. Though cake
batters containing non-wheat brans had higher batter viscosities,
the resulting cakes were less tender than the cakes made with
wheat bran. In addition, cakes with oat and soy bran had less
pleasant flavor and were not acceptable to taste panelists. These
researchers indicated that cakes could be successful carriers of
dietary fiber in food system.

Dietary Fiber in Cookies

Vratanina (1978) reported that highly acceptable cookies could
be formulated by incorporating red and white wheat brans up to
the 3025 level in sugar snap cookies, and up to 502 in oatmeal
cookies. A 30% substitution of flour with wheat bran in sugar snap
cookies did not significantly affect the top grain but did reduce the
spread factor. Bran darkened the color and yielded more tender,
less crisp cookies, Khan e# al., (1976) incorporated coconut residue
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in sugar cookies at 5, 10, 15 and 202 levels. An excessive amount
of water was required to mix an optimum sugar cookie dough when
more than 102 coconut residue was incorporated. Cookies made
with 202 coconut lowered the spread factor, but the aroma, taste
and texture were acceptable. The crude fiber centent increased
from 0.142 in the control cookies to 2.02%5 for the 202 substituted
cookies.

Dietary Fiber in Breads

Of all cereal foods, bread is the most popular (Scade, 1951).
Many varieties of bread are made from whole grain meals and
whole grain brans. Bakery scientists have reported that breads can
be a feasible carrier of dietary fiber. Whole wheat flour and from
5 to 169 wheat bran can be satisfactorily substituted for white
flour in bread and muffins (Pyler, 1973). Defatted corn-germ flour
which contains 15.99 dietary fiber has been partially substituted
for flour in bread. Acceptable corn-germ bread having a specific
volume of more than 6.00 cc/gm could be prepared from wheat flour
replaced with 129 of corn-germ flour (Tsen, 1975). Tsen reported
that by using a stronger wheat flour (13.6% protein and 0.532 ash),
an acceptable bread could be produced with 182 corn-germ flour.

Coconut residue is a fiber-rich byproduct (162 crude fiber)
obtained from the aqueous processing of fresh coconut. Replace-
ment up to 102 of wheat flour with coconut residue in white pan
bread yielded an acceptable product (Khan et al., 1976). This coconut
bread contained approximately 7.524 crude fiber.

Lorenz (1976) reported that replacing up to 1525 of wheat flour
with brans from triticale and rye increased farinograph absorption
and decreased mixing time and mixing tolerances. Amylograph
studies of blends of wheat flour and triticale bran showed that these
were less viscous probably because of a high alpha-amylase activity
in the bran sample. Fine bran caused greater changes in viscosity
than coarse bran samples. Good quality breads were baked with
the fine bran samples, up to replacement levels of 1525. There was
no decrease in bread volume. Proof time of breads with 102 and
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152 bran were shorter than those of control breads. Loaves baked
with 102 and 15% fine bran samples were softer than the control
loaves after 6 days of storage. The importance of bran particle
size in determining bread baking characteristics was apparent.

Pomeranz et al., (1976) used wheat bran, all malt spent grains,
and malt-grits spent grains to replace wheat flour at levels of 0, 3,
6, 7, 10 and 152 to produce high fiber breads. They found that all
three fibrous materials increased water absorption. The increase
was largest for the malt-grits replacement and smallest for wheat
bran. The loaf volume decreased and the crumb grains were
impaired with increasing fiber replacement levels. The decreased
bread loaf volume was due to dilution of gluten protein from the
substitution of various fibrous materials. As a result, the bread
made from white bran-enriched wheat was superior in loaf volume,
crumb grain and crumb color to the bread in which the brewer’s
spent grains and all malt-corn grits were added.

Prentice and D’Appolonia (1977) made high fiber bread contain-
ing brewer’s spent grain (BSG) at 5, 10, and 15% levels of
substitution. Consumer panels accepted favorably the bread made
with the BSG for flour at 5 and 102 levels of replacement. Crude
fiber and acid-detergent fiber were approximately double in flour
with 1024 BSG substitution.

Volpe and Lehmann (1977) used 10% alpha-cellulose blend
(88.62; alpha-ccllulose and 11.4% Vital wheat gluten) to replace
wheat flour in 70/30 sponge-dough method. As a result, bread which
contained cellulose had a lower loaf volume than either the unbro-
mated or bromated control breads. The over-all quality of the
bread containing cellulose was lower than the control bread for
most of the characteristics evaluated. The addition of fiber to the
bread had a slight darkening effect on the crumb. The fiber bread
required more for compression at the end of seven days, but the
amount was not significantly higher than the control bread. The
use of alpha-cellulose in white pan bread was found to be feasible.
Over-all quality of the bread was affected by the addition of fiber,
but the products were acceptable.
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Millet as Dietary Fiber Source in Flat Bread and Cookies

Since the cellulose and hemicellulose levels in millet are high,
millet is another source of dietary fiber. It is mostly consumed
locally in Northern China, India, Africa and Southern Russia
(Casey and Lorenz, 1977). Leavened breads cannot be made from
1002 millet, since it does not contain gluten-forming proteins (Badi
et al., 1976). The use of millet flour leads to rather compact pan
breads with dense texture (De Rutter, 1972). Therefore millets
must be baked into flat breads, as is done in Eastern Europe and
Africa. In the Western world millet flour has been substituted in
bread, cookies, and biscuit formulations for part of the wheat flour.
This results in a different and distinct flavor in these baked pro-
ducts. However millet flour alone does not produce acceptable
cookies. Addition of soybean lecithin for millet flours at the 0.6%
level greatly improved top grain and cookie spread. The quality
of these cookies, however, was not that of cookies made solely
with wheat flour. Biscuits formulated with millet flour and 102%
wheat flour were given acceptable consumer responses in Nigeria
(Casey and Lorenz, 1977).

Carvot as Vegetable Dietary Fiber in Chips

Carrot chips were prepared from a wheat chip formulation,
substituting 0 to 402 carrot powder and/or a combination of 12 to
2625 carrot powder with 4 to 8% commercial cellulose for wheat
flour, to study the feasibility of producing a high vegetable fiber
snack. The result indicates that jncorporation of carrot powder
and cellulose into the carrot chip formulation improved color,
texture, and flavor quality characteristics. Substituting with carrot
powder up to 40% and cellulose up to 8% produced carrot chips
with 7.43 and 12,582 Enzymatic Neutral Detergent Fiber respectively
(Jwuang, 1978).

STRUCTURAL FORMATION IN STARCH-BASED
SNACK CHIPS

The basic dough processing technique of extruded starch-based
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snacks is similar to the dough formation of any baked product.
Cereal flours can be used to control both the rheology of the
fabricated system and a variety of textural functions such as
mouth feel and consistency of foods. Coarseness or smoothness in
the fabricated structure can be modified by granulation of the
cereal flour. Products formulated with cereal starches may range
in texture from light, fragile, highly puffed open cell structures to
a dense, crisp product with very close cell structures. These snacks
are normally processed by extrusion or a similar process, and
followed by baking or deep-fat frying (Feldberg, 1969).

Transformation of Dough into Chips

In general, snack chips are prepared by mixing dry ingredients
and liquid to form a dough with a moisture content from 25 to 4527,
The dough is kneaded until it becomes pliable and forms a thin
sheet. Pieces are cut from the thin dough sheet using a rotary
or dicer of the extruder and are deep-fat fried to a final moisture
content of 0.2 to 5,022 (Campbell and Liedman, 1976).

As materials are substituted for wheat flour, water must be
added proportionately to the level of the water holding capacity of
the material substituted (Jwuang, 1978). The total moisture content
of the dough may vary somewhat depending on the particular
starchy food material being used, but it will range from 25 to 45% by
weight (Robbins, 1976). The desirable moisture level is about 40%.

During the deep-fat frying process, starch components of the
wheat flour upon gelatinization absorb a great amount of the
available moisture from the hydrated gluten and pentosans. They
thus become thermoplastic and develop a distinct structure (Smith,
1976). According to Sandstedt (1961) starch functions to dilute the
gluten, to provide a surface for union of gluten, and to become
flexible during gelatinization and provide a structure permeable to
gas so that baked breads do not collapse on cooling. In snack
chips, gelatinized starch also lends a brittle texture to the finished
product.

Shortening is also an important ingredient in snack dough
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formation. It functions as a lubricant and shortening agent. The
selection of the type of shortening is important for textural
properties.

Other ingredients, selected for functional characteristics include
leavening agents such as sodium-aluminum sulfate (SAS) baking
powder to give a crumb texture to the chips. SAS baking powder
produces carbon dioxide to modify the quality of the chip and
results in an optimum amount of friability, density, and crispness
(Jwuang, 1978).

The addition of seasonings makes the product unique and accept-
able to the snack consumer. The method of introducing seasoning
into the spicy products is done by dusting or spraying the seasoning
over the finished snack after frying or baking (Nadison, 1969).
Dusting or spraying is advantageous because it allows for the
application of a large variety of seasonings. Also the seasoning
is not exposed to extremely high temperatures, which minimizes

the escape of volatile aroma components.

The Funectional and Rheological Characteristics of Dough

Components

Wheat flour is the best source for the development of a dough
with good extensibility and elasticity. The protein and starch
components of wheat flour contribute to the main structure of the
dough and to the finished products. Addition of tuber materials
such as cassava and yam increases water absorption and modifies
dough structure because of the dilution effect on gluten (Ciacco and
D’Appolonia, 1977). The dilution of wheat flour with cassava has
been found detremental to the wheat protein quality. The addition
or replacement of the part of the flour with non-gluten materials
such as fiber, bran, and commercial cellulose shortened the gluten
strength and impaired the quality characteristics of the bhaked
products. The extensibility of dough decreased as starch or non-
gluten materials increased (Heaps and Coppock, 1968; Jwuang,
1973). In contrast to baked products, snack chips possess a dense,
crisp and close cell structure. To obtain satisfactory handling



Fu Jen Studies 59

characteristics, snack chip dough should have enough cohesiveness
and extensibility to stick together as a sheet, but not have so much
elasticity that it resists extension. Therefore, some dilution of
wheat gluten to reduce the elasticity is beneficial.

Mixing of the snack chip ingredients vyields an apparently
homogenecus mass (Bushuk, 1966). At the beginning of the mixing
process, a mass or wet lump with little cohesiveness is formed.
Gradually the cohesiveness increases, and the dough develops elastic
properties and begins to pull away from the mixing bowl. Continued
mixing makes the dough smoother and its appearance drier (dough
development). The function of mixing is at least twofold: even
distribution of the ingredients, and development of gluten structure.
These changes are accompanied by hydration of the ingredients, which
is facilitated by blending. Hydration of protein is a condition for
gluten development. This development is based on the formation of
a network of protein molecules with occasional cross-links.

The rheological properties of dough are primarily determined
by its continuous phase, the swollen protein. This continuous phase
contains the gluten proteins which form thin extensible and com-
pressible films. The snack chip dough must be sufficiently rigid
to form a thin sheet that can withstand rolling yvet still remain a
continuous mass, so that large surface blisters will not be formed
during frying (Robbins, 1976).

The viscous and elastic properties of dough are primarily due
to the properties of its continuous or gluten phase. The rheological
properties of such a network greatly depend on the number and
strength of the cross-links between the protein molecules (Heaps
et al., 1967).

The insolubility of the gluten proteins is due to their intermo-
lecular hydrogen bonds (Redman and Ewart, 1967). The viscous
flow is a result of the thio-disulfide interchange reaction in the
protein network. Thio-disulfide interchange during mixing causes the
formation of a protein network in dough, in which protein
molecules originating from different flour particles are cross-linked
one with another. In this way they form a continuous and coherent
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phase. The observation that the interchange reaction is most rapid
in wheat flour dough, slower in doughs from ryve, and still slower
in dough from other cereals may offer an explanation for the
differences in gas retention between these doughs (Redman and
Ewart, 1967).

In general, there is a correlation between the resistance to
mixing and between dough development times as determined
with various recording mixers. In the same way there is a
correlation between the resistance to deformation and between the
extensibilities of the curve provided by various load-extension
meters. Dilution of gluten will result in low resistance to mixing
and a short time dough development.

When a dough is formed, water is taken up by the flour con-
stituents in proportion to their capacity. Bushuk (1966) indicated
that about 46% of water in dough is associated with starch, 312
with gluten, and 23% with pentosans. Wheat flour contains approx-
imately 2% pentosans; they form a soft gel upon hydration and
contribute significantly to dough consistency. Since pentosan mole-
cules can not penetrate the starch granule, they form an intimate
association with the gluten in which the starch granules in a dough
system are embedded. Bechtel et «l., (1971) indicated that pentosans
from wheat flour could readily disperse in water, forming highly
viscous solutions. D’Appolonia and Kim (1976) reported that water
insoluble pentosans interact with gluten to increase the resistance
of dough to extension thus decreasing its extensibility. It has
been postulated that pentosans and glycoproteins are present as
transitional compounds, which play a part in the physical associa-
tion and chemical bonding between carbohydrates and proteins.
Patil et al., (1975) found that the hydrogen bonding capacity of
water-soluble pentosan molecules intensified the association between
carbohydrate and protein constituents in the dough formation. It
is not known if water-insoluble pentosans play a similar role. The
water-insoluble fraction of the wheat endosperm cell walls are
arabinoxylans, which are held within the cell wall structure by
ester linkages between adjacent arabinoxylans and other cell wall
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polysaccharides.

There are some differences in the basic expanded products,
principally in texture and eating qualities (Nadison, 1969). The type
of extruder and process used to produce the basic product can alter
snack chip characteristics. Basic formulations may vary somewhat,
depending upon whether the product is produced by hot or cold
extrusion, and whether the resulting extruded product is baked or
fried.
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There are some people who are proud and wise and
practical, who say that it is not in human nature f#o
be generous, that men will always fight one another, that
the strong will conquer the weak, and that there can be no
real moral foundation for man’s civilization. We can not
deny the facts of their assertion that the strong have power
in the human world, but I refuse to accept this as a revelation
of truth....

We should know that truth, any truth that man acquires,
is for everyone. Money and property belong to individuals,
to each of you, but you must never exploit truth for your
personal aggrandizement; that would be selling God’s
blessing for a profit. However, science is also truth; it has
its place in the healing of the sick, and in giving more
food and leisure for life. When it helps the strong crush
the weak, and rob those who are asleep, it is using truth
for impious ends. Those who are thus sacrilegious will
suffer and be punished, for their own weapons will be turned
against them.
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