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A comparison of complexity among

three different sorting methods

on arrays of 16-bit integers

W Sartra Wongthanavasu*® B

Abstract

In theory, the complexity of sorting methods can be derived, but it has still questioned

in implementation. This paper is to present two approaches of implementing and comparing

three different sorting methods, namely insertion sort, binary-insertion sort, and heap sort in

regard to complexity. The first approach is analyzing method, and the other is programming

method that was written in C language and run on IBM-compatible PC. The program generates

random numbers as arrays of 1000, 2000, 4000, and 8000 integers and runs each of the three

sorting methods on these input files. The actual running times, not including I/O, and those

predicted by the analyses in theory are compared.

I. Overview

In 1968, Knuth published the first of
three volumes with the general title The Art
of Computer Programming [1,2,3]. The first
volume brought in the modern study of
computer algorithms with a focus on the
analysis of running time. According to Knuth,
the word “algorithm” is derived from the name
“al-Khowarizmi,”

mathematician. Aho, Hopcroft, and Ullman [4]

a ninth-century Persian

advocated the symptotic analysis of algorithms
as a means of comparing relative performance.

They also popularized the use of recurrence

relations to describe the running times of
recursive algorithms. Knuth [3] provides an
encyclopedic treatment of many sorting
algorithms. His comparison of sorting algori-
thm includes exact step-counting analyses,
like the one that is performed here for
insertion and binary-insertion sorts.

Heap sort is one of three ©(nlgn)
sorting methods, e.g. quicksort and mergesort.
It was invented by William [5], who also
described how to implement a priority queue
with a heap. This paper takes the three sorting
Leiserson, and

algorithms from Cormen,

*A lecturer at Department of Computer Science, Faculty of Science, Khon Kaen University.

Email: wongsar@cs.ait.ac.th, URL: http://bazooka.cs.ait.ac.th/~wongsar

. o
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Rivest [6] as the basis of analysis. For more
details, there are many excellent texts on the
general topic of algorithms, including those by
Basse [7], Brassard and Bratley [8], Horowitz
and Sahni [9], Knuth [1,2,3], Manber [10],
Purdom and Brown [11], Sedgewick [12], and
Wilf [13], Cormen, Leiserson,and Rivest [6].
Some of the more practical aspects of
algorithm design are discussed by Bentley

[14,15] and Gonnet [16].

II. Analyzing algorithms

Analyzing an algorithm has come to
mean predicting the resources that the algo-
rithm requires. In this paper, we shall assume
a generic one-processor, random-access
machine (RAM) model of computation as
our implementation technology, and under-
stand that our algorithms will be implemented
as computer programs. In the RAM model,
instructions are executed one after another,
with no concurrent operations. The running
time of an algorithm on a particular input -

for example, the array size n for sorting, is

Uil 3 nengIAN-Aumou 2540 UnANY

the number of primitive operations or “steps”
executed. A constant amount of time is
required to execute each line of our pseudo-
code. One line may take a different amount
of time than another line, but we shall assume
that each execution of the ith line take time ci,
where ci is a constant. This simple notation
will also make it easy to determine whether
one algorithm is more efficient than another.
We start by presenting the insertion sort
procedure with the time gcosté of each state-
ment and the number of times each statement
is executed. We let tj be the number of times
the while loop test is executed for that value
of j, and assume that comments are not

executable statements, i.e. they take no time.

1. Analysis of insertion sort

The pseudocode of insertion sort is
illustrated below. The running time of the
algorithm is the sum of running times for each
statement executed, i.e. a statement that take
ci steps to execute and is executed n times

will contribute cin to the total running time.

Insertion-Sort(A) cost times
1 for j<-2 to length[A] c, n
2 do key <- A[j] c, n-1
/* Insert A[j] into the sorted */
/* sequence A[l.j-1] */ 0 n-1
e i<-j-1 C, n-1
5 while i> 0 and A[i] > key C, Et]. (j=2ton)
6 do A[i+1] <- Ali] Cq E(tj-l) (j=2ton)
T i<-i-1 c, ):(tj—l) (j=2ton)
8 Ali+1] <- key Cy n-1
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To compute T(n), the running time of Insertion-Sort, we sum the products of the cost
times columns, obtaining

g

© T(n) = ¢;nc,(n-De (n-Dte E t =2 tone E (-1) =2 to mte, Z(t-1) =2 to mtey(n-1).

~ The best case occurs if the array is already sorted. For each j=2,3,..,n, we then find
<= key in line 5 when i has its initial value of j-1. Thus t=1 forj=2.3,....n, and the
running time is

ﬁ
B
|

= cn+c,(n-1)+c Jn-1+cg(n-1)+c (n-1)

=
I

(c +c,+e gresten - (c,+c e

~ This running time can be expressed as an+b for constant a and b that depend on the
ment costs ci; it is thus a linear function of n.

..

If the array is in reverse sorted order — thatis, in decreasing order — the worst case
ilts. We must compare each element A[j] with each element in the entire sorted subarray

], and so t=j for j=2.,3,...n. Noting that
~ Zjg=2tom = nm+1)2-1 and Z(-1) G=2ton) =n(n-1)/2
We find that in the worst case, the running time of Insertion-Sort is

R E(n) cln+cz(n-1)+c4(n-1)+c5(n(n+1)/2 - D+cn(n-1)/2
+¢,(n(n-1)/2) +c,(n-1)
= (cf2+cd2+c /2)n’+(c +e e ted2-cf2-c.[2+cn

-(c e e tey).

The worst-case running time can be expressed as an2+bn+c for constants a,b, and ¢
hat again depend on the statement costs ci; it is thus @ quadratic function of n.
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The average-case is often roughly as
bad as the worst case. Suppose that we
randomly choose n numbers and apply
insertion sort, half the elements in A[1..j-1] are
less than A[j], and half the elements are
greater on average. On average, therefore, we
check half of the subarray A[l.j-1], so t=i/2.
If we work out the resulting average-case
running time, it turns out to be a quadratic
Junction of the input size, just like the worst-

case running time.

Order of growth (also called complexity)
We shall now make one more

simplifying abstraction. It is the order of

growth of the running time that really interests

us. We therefore consider only the leading

mamemans v, U025 aluil 3 nsngaw-fueen 2540

unand

term of a formula (e.g., an2), since the lower-
order terms are relatively insignificant for
large n. We also ignore the leading term’s
constant coefficient, since constant factors are
less significant that the rate of growth in
determining computational efficiency for large
inputs. Thus, we write that insertion sort has
worst-case and average-case running time of

O(n*) (pronounced “theta of n-squared”).

2. Analysis of binary-insertion sort
The binary-insertion sort is a version
of insertion sort that inserts A[j] into the
sorted sequences A[1..j-1] by using binary
search to find the place where A[j] belongs.
The pseudocode of binary-insertion sort is

given below.

Binary-Insertion-Sort(A) cost times

1 for j <- 2 to length[A] c, n

2 do key <- A[j) c, - n-1

3 q <- Binary-Search(A[1..j],key) c, t(n)*

4 i<-j-1 c, n-1

d while i>=q Cs Ztj (=2ton)

6 do A[i+1] <- A[i] Cq X (t-1) (=2ton)
7 i<-i-1 c, Z (-1) (j=2ton)
8 Ali+1] <- key Cy n-1

The analysis is similar to the insertion sort. The running time of Binary-Insertion-Sort,

T(n), is also the summation of the products of the cost and times columns, obtaining

T(n) =c n+c,(n-1)+c t(n)+c,(n-1)+c It (j=2 to n)+c Z(t-1) (=2 tom+c Z(t-1) (=2 to n)+c (n-1).
{3 3 4 5 6% 7Y 3
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From t(n) = t(n/2) + ©(1) = O(lgn) [* taking time of binary search],
n(n+1)/2-1 and
n(n-1)/2,

I

Etj (j=2ton) = 2j (j=2ton)
E(tj- 1) G=2ton) = Z(j-1) =2ton)

if the arrays is in reverse sorted-order, the worst case results; i.e. tj=j for j=2,3,...,n.

ning time of Binary-Insertion-Sort can be derived as follows.

B To)

I

cln+c2(n-1)+03®(lgn)+c J(n-1 )+c5(n(n+l )2 - D)+cen(n-1)/12
-t-c_,(n(n— 1)/2) +c8(n- 1)
= (c2+cf2+c /2)n2+(c +c,+e +e f2-c /2-c. /2+c )n
-(c,+c teste,)+c,O(gn).
= O(n?).

On average-case, the running time is also obtained in term of a quadratic function of

the input size; i.e. ©(n?), just like the worst-case running time.
: 8

3. Analysis of heap sort

Heap sort has the complexity of ©(nlgn), the same as quick sortand merge sort. The
sis of this algorithm is left over for ones who are interested in finding out the solution.
ready illustrated, we can keep the previous analyzing method as hint how to go. However,

¢ psedocode of heap sort and some explanation are given below.

Heapsort(A)

1 Build-Heap(A)

2 for | <-length[A] downto 2

3 do exchange A[1] <-> A[i]

4 heap-size[A] <- heap-size[A] - 1
5 Heapify(4,1)

Build-Heap(A)

/) heap-size[A] <- length[A]

2 for i <- Llength[A)/2] downto 1
5 do Heapify(A,i)
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Heapify(A,i)
1 I <- LEFT()
r <- RIGHT()

then largest <- |

else largest <-i

then largest <-r

if largest <> i

o e Ny B W

,_.
o
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if [ <= heap-size[A] and A[l] > Ali]

Heapify(A,largest)

Una

if r <= heap-size[A] and A[r] > Al[largest]

then exchange A[i] <-> A[largest]

The Heap sort procedure takes time ©(nlgn), since the call to Build-Heap takes time

©(n) and each of the n-1 calls to Heapify takes time ©(lgn). [Note that, (Ign) is binary logarithm

and is equal to log,n. |

III. Programming approach

The program applies the algorithm
appeared in previous analyzing part. It was
written in Borland Turbo C/C++ version 3.0
and was run on 33 Mhz IBM-compatible PC
notebook. The program is composed of 3
parts, the first part is a random number
generator that generates arrays of 1000, 2000,
4000, 8000 random integers. The second part

is a sorting program that takes input data

generated by the first part and sorts it by the

three different sorting methods as mentioned
earlier. It computes the running times the
work done by each algorithm on each input
array (not including 1/0). The third part is a
program that computes the number of
comparison and exchange occured during
sorting input files by each algorithm. Ones
who are interested in source code of the
programs can request by sending email to
“wongsar@cs.ait.ac.th”. The pictorial descri-

ption of the program is illustrated below.




The random number generating
program, randgen.exe, generates integer random
number of sizes 1000, 2000, 4000, 8000 and
‘write them into files data 1000.dat, data
12000.dat, data 4000.dat, and data 8000.dat,
I respectively. The sorting program, progsort.exe,
then sorts each of input files that just derived
- from the first program by implementing the
three sorting algorithms and write them into
files heap1000, heap2000, heap4000, heap
8000, insert10, insert20, insert40, insert80,
~ binsortl, binsort2, binsort3, and binsort4 and
‘also computes the running time. Note that,
filenames imply types of sorting methods and
sizes of input data. Finally, the program
progcomp.exe computes the number of
'-:mmparison and exchange occured during
sorting for each of the three sorting methods.
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Integer Sorting Sorted
random no. program dats
HEAP »| running size 1000
time
)
size 2000
Insertion
number of
. size 4000
Binary | comparison
) and
Insertion exchange size 8000
(progsort.exe) (progcomp.exe)

IV. Comparison between two approaches

The sorting program is run three times
to find out average actual running time and its
result is shown in Table 1. We take the order of
growth occured in average case into consider-
ation, since the input data derived from the
random number generator could occure in
sequence randomly. As being depicted in
Table I,

three different runs are very little in change

we find that the running times of

and heap sort gives the minimal running time,
followed by binary insertion sort, and insertion
sort, respectively. This appearance goes
along the complexity of the sorting methods,
i.e. complexity of heapsort, insertion sort,
and binary insertion sort are ®(nlgn), ©(n%),
and ©(n?), respectively. We will discuss the
reasons behind the faster running time of

binary insertion sort over insertion sort later.
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Table 1: Actual running time (running program)

Running times (milliseconds)———

Sorting methods N first run second run third run
Heap Sort 1000 219.78 219.78 219.78
Insertion Sort 1000 1043.96 1043.96 1043.96
Binary Insertion 1000 824.18 824.18 824.18
Heap Sort 2000 549.45 549.45 549.45
Insertion Sort 2000 4120.88 4120.88 4120.88
Binary Insertion 2000 3021.98 3021.98 3021.98
Heap Sort 4000 1098.90 1153.85 1153.85
Insertion Sort 4000 16923.08 16868.13 16923.08
Binary Insertion 4000 12142.86 12142.86 12142.86
Heap Sort 8000 2472.53 2472.53 2472.53
Insertion Sort 8000 67197.80 67197.80 67142.86

Binary Insertion 8000 . 47417.58 47472.53 47472.53
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ell andIII provide interesting results. The double, the running time in practice (running
ing times between the analyzing method program) also increases nearly in order of n2.

ng program are very closed toeach It is in accordance with complexity ©(n2).
:n the data size to be sorted increases

le II: Compare running times between analyzing method and running program for

Running Times: millisecond

A N Analyzing method (©(n?)) Running program
1000 1043.96 1043.96
2000 4175.84 4120.88
4000 16703.36 16923.08
8000 66813.44 67197.80

Table II: Compare running times between analyzing method and running program for binary-

sort.
Running Times: millisecond
N Analyzing method (©(n?)) Running program
1000 824.18 824.18
2000 3296.72 3021.98
4000 13186.88 12142.86

8000 52747.52 47472.53




172 N memaas v, 0 25

In Table IV, the actual running time
goes along O(nlgn) in the accepatable degree
when data size, N, increases double. The idea
to find out the running time of analyzing
method, in term of ®(nlgn), is that we use N at
1000 as the basis in analysis. Firstly, at
N=1000, we give the the running time of

analyzing method equal to those in running

afufl 3 ATAYIAN-AULY 2540 UNATW

program. When the data size increases double,
i.e. N equals to 2000, its running time could
increase in term of 2 multiplied by 1g(2000)/
1g(1000). Also, if we want to find out the
running time of analyzing method when
N equals to 8000, we could multiply 8 by
1g(8000)/1g(1000) and the
which N equals to 1000.

running times of

Table IV: Compare running times between analyzing method and running program for heap sort.

Running Times: millisecond

N Analyzing method (©(nlgn)) Running program
1000 219.78 219.78
2000 483.52 549.45
4000 1054.94 1153.85
8000 2285.71 2472.53

Table V gives very interesting results
among the three sorting methods. The total
number of comparison and exchange for heap-
sort is minimal among the three, this is the
reason why its running time is much less than
the other two that have complexity in order of
n2, @(n%); Be remembered that, the order of

growth on heapsort is &(nlgn). If we narrow

to compare between insertion sort and binary
insertion sort, although both have ©(n?) in
order of growth, the number of comparisons
and exchanges occured in binary insertion sort
fall into half of those in binary sort. This
reason causes running times of binary insertion
sort less than those of insertion sort in all of

cases no matter how data in arrays are

sequenced.
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Number of comparisons and exchanges by running program.

N No. Comparison [1]

——————On average of 3-times running program——-—

No. Exchanges [2] Total [1]+[2]

1000 13576 9109 22685
1000 251762 250768 502530
1000 17117 250787 267904
2000 30075 20205 50280
2000 967772 965779 1933551
2000 38192 965837 1004029
4000 65866 44287 110153
4000 3986690 3982696 7969386
4000 83826 3982948 4066774
8000 144085 96688 240773
8000 15861230 15853237 31714467
8000 182414 15854210 16036624

As already mentioned, we take the
- of growth occurred in average case to
analysis. This assumption may be a little
t wrong if actual input data are not seque-
randomly, i.e. instead, the best or worst
ould be taken into consideration. But
as having examined, we find that the running
s derived from running program and analy-
methods are very closed to each other.

We are narrow to find out the reasons behind

faster running times by taking the number of
comparison and exchange to be corporated in
analysis and find that the more the number of
comparison and exchange occure, the more the
running times increase. This occurrence is very
obvious among the three sorting methods. Finally,
it comes to the conclusion that on average
case the complexity of heap sort, insertion
sort, and binary insertion sort derived from
analyzing methods and by running program go

along ©(nlgn), O(n?), and O(n?), respectively.
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MWA 3 anune3UNYBY Amanita pantherina

INNTNA@DIYDN R.Dujanic, de la
Riviere WAz Gamal \ofaauasuay Amanita
muscaria Uszana 0.2 03y i lulumywuh
aansomivymelamelu 24 an. 6l
aladfh I lusnuinanhiliasilinyme
aédu wiasdauhlulunsedennni 0.2
nSuazm vinszdeanamelu 24-36 #u.

asuiiwuludianguilil 4 silade

1. Mycoatropine

2. Muscarin (C5H15N03)

3. Mycotoxin

4. Cholin (C_H NO )

M. iefiiasAEwn Muscarin 1@
whladh  Muscarin - Hanluwin  Amanita
muscaria WaINGTaatud  sawuhil
\oniinduq Niles Muscarin TuSanmiiann

psesinemand we. T 25 auil 3 nangnn-Auoiou 2540
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A enwuhilsstiannlaun Inocybe 30
SN ALY Wiki LAz Jaccottet WUIILHATIA
mu'lﬁ'ﬁﬁ'ﬁﬂnﬂﬂﬁ (species)

e Loup'l‘uﬂ A.7.1938 (Groves, 1972)
Taauun Inocybe poAMUIUAUBINY NNNT
| I v
naaad 33 avawunlsenauaeds Muscarin

A L] o ¥ J
TuUSinaiuanaeny musensae LUl
Jd = = I=I
1. Wan#ilas Muscarin TuSanaig

Inocybe napipes 3.3-16%
Inocybe patouillardi 6.4-8%
Inocybe fastigiata 5.3-6.4%
2. WInfiilas Muscarin  TuSana
thunan
Inocybe geophylla 0.8-3.2%
Inocybe lucifuga 2.3-2.8%
Inocybe lannginosa 16%
Inocybe umbrina 0.8-1.6%
Inocybe asterospora 0.5-1.6%
3. WIn#fiens Muscarin lutSinoeh
Inocybe praeterisa 0.8%
Inocybe brunnea 0.5-0.8%
Inocybe eutheles 0.3-0.8%
Inocybe posterula 0.4-0.46%
Inocybe flocculosa 0.4%
4. yonfiiludSanadenann
Inocybe hystrix 0.2-0.23%
Inocybe godegi 0.11-0.16%
Inocybe cineinnate  0.08-0.16%

| a L4 [

wInsiUSanamas Muscarin e laun

Inocybe dulcamara, 1. cervicolor, I.maculata,
Lpiridora, Lincarnata Wat I.petiginosa

”. [l N v 1

wanlawuais Muscarin @ laun

I. jurana, I.bongardi, I. cookei, I. corydalina,

I.fibrosa, I.bresadolae Wa¥ 1. calospora
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Entoloma lividum Waz Tricholoma pardinum
v s o e" Vv
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Haemoglobinuria Wa¥ Haemolytic jaundice
ssiuimlitineimsdena e Helvellic
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msanuiamn iuds dafudiefilans Helvellic
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Gyromitra esculenta
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NN 5 anuae3Usnees Gyromitra esculenta
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Tufigugelasnily  nszuiums
dunugietuludueseenly inasig (Hu
a"i'mzﬁa%’wuniﬂn'(ﬂsﬁwmj (male gametop-
htye) fi3unT1 azessny v3e avasainasd
(pollen  grain) %umﬂ'l.uihuqqaxammg
(pollen sac) u@aAULIEY (anther) famwi 1
avapsgiianuE@ Ay lumMImuANATTIIUMS
duiuguuuiing  ihmhiiahaasdonaau
aaalllsn (sperm cell) uwazlusAnad
(generative cell) N'wuaaﬂazaa»mqg (pollen
tube) 'l1J€|'~1q~1Lauu“§Ta (embryo sac) ¥l
MULaus (fertilization) oy
Suisnuazazaasyasialasi g
TUR3gyWanmnNNguEadiniey (meristematic
cells) MmMssgdsuwlasludunguad
mﬂ'luqqazaammu (microsporangium) 4 mju
'lué'msrgﬁaiaumn mwuhUsEnaumsisasiasey
(meristematic cells) AigUhamiiaufumug
gné’auiauﬁwﬁv’uﬁﬁmaiﬁa (epidermal cells)
il susadivanmsinniunguadldzy
simasialuudaswilimsidsuulasguiely
Tmﬂﬁumm'lmy:n'iwaaﬁé'uq wariitmasd
analng nduwadiEend nauwadazda-
UnsiBua  (archesporial cells) "fiwiamna;'u

wadmaiwdsduvunnuliilade 2
FuuanGenh -gum'linaaﬂiugﬁ (primary
parietal layer) 'é?u'lut'%'an'i"\ %ﬂﬁﬂaﬁﬁﬂ'ﬁ
ﬂgu{]ﬁ (primary sporogeneous layer) ‘I‘i‘}u
wilsmaatgugiiutedlumnmnuld 2 du
A wﬂswaanﬁﬂ:‘]ﬁ'&v'uuan (secondary outer
parietal layer) ua:wﬂwaanﬁﬂ{]ﬁﬁ"'u'lu
(secondary inner parietal layer) ﬁy'uwﬂ'maa—
nasgiduueniimsuiagadluwunusuldiiiu
ﬁw'umuTmﬁl."E'mu (endothecium layer) ua:iv'u
fouda (middle layer) anduwilsmaanis
pimdluwisdrluwnuauldfuioda  waxdu
TN (tapetum) M 4 Fuidennsuwlsnaa
wahiiusznauiudluniisnasduise  (anther
wall) dundueadaalsdimhmhidumad
fahaadlalasalad (microspore  mother
cells) Tunsdizasdn IR-30 wud nguaa-
alaslsidaugugll wiawsauuulaladalditiu
Lﬁﬁﬁﬂﬂﬂiﬁﬁﬁﬂﬁﬂgﬁ (secondary sporogen-—
eous cell Y39 microspore mother cell R
microsporocyte) Fawuimia 4 W ilulasa-
Ualslasfaguszaanm 60 wad amiululasa-
valsladutadalulada 2 ass Idlulasaved
fisnnulaslulon 1 ya  danuue 2 was 4
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Tuszazdamuiunalaan

Tuszezlulasavad § 1 Thedsd (uninucleate)
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win  dlelnwanFududy e dsanilesu
- INALENagATINI NI nnuwad, Teded
 wammdleaiimsinmnalwajiuuacinedes
gndullagituouuad lulasadaduisinedes
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fia thindeauaausdwizad (generative cell)
Hinnadnuaciedsauasfneioad

Microspore tetrad
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(vegetative cell) W3a¥1l Thiaded (tube nucleus)
o o ' a - o P
Sdnnalvg  duedsavesausivieadi
lalnwanaBanduduagaausauiligameiiy
J o U = o«
niNgad uNARGen wusivwad (Mc
Cormick, 1991; Know, 1979; Worrall uag
Az, 1992 way wd Flusnd war wisdl
#lusny, 2522)
o & ' d a
Tudirrugednlvg azasasyiadey
J J U Vv
WanneumMstsazaawsy Ustnaudeaisad
2 1wadae WuEANEad war ineanead
-] Jl
GFenazapdsauuuilh azeasyll 2 wed
win azpaasydl 2 TAdsd (bicellular pollen
grain W38 binucleate pollen grain) AENAINS
asyiedgauauusiNgad LIy
- =, = 4
Tuladalawmadadlsn 2 wad lunsdnwinnil
“ - A J U

arapdyy@uinaumstsazenasny
Usznaudiuad 3 wadre sy 2 wed

=3 =l 4 = J ¥
waz Liinaivead Genazasusauuuiin
avaealsnydl 3 1wad e azaausnd 3 Thndad
(tricellular pollen grain %38 trinucleate pollen

§ ¢ o P’y &
grain) waadllin 2 wasuu Wuwannms
wivluladaveviinmdsasswaiusdwisad
s |

(mMnn 2)

Aperture

J o 4 =1 (3 " v ar v ar
A 1 uamdnuazeeslulasalasluszszmunsangndafnagmoiudmeniuaalad
Knox, 1979 @alasann Waterkeyn Waz Bienfait, 1970)
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callase) ﬁqdaﬂnﬁmﬂa'[aﬂﬁﬁu'lu'in‘i-
afulingaanniu,
svnougaamiatidnddu  (exine
 @TNNWBLEUAN  (pollen  kitt) i
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hitadefudidanliaresssqoatio
uazialuiuriusasianisuws
aeaaey, d9MN3URAY (tryphine)
NNUAIEETINgaUNEY  (insect
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s), ﬂ%‘h‘lgﬁﬂ uag (ubisch bodies ¥38
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asamtitgfmﬁnﬁﬁu (Mascarenhas,
Know, 1979; Pacini, 1990)
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(ep = BWLABNA, en = oulawwasiid, m = yuilaida, t = iy )
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Dietary Antioxidants
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Abstract

.Two groups of dietary antioxidants were mentioned according to their solubility. Epidemio-
| studied revealed that people consumed a large amount of fruits and vegetables which had
major antioxidant nutrients (Vitamin C, Vitamin E and B3 carotene) had an inverse relationship
; risk of degenerative diseases. Plant flavonoids showed that evidences of inhibition of
idation against free radical damages. Different fruits and fruit juices possessed different
otal antioxidant capacity. Lipid peroxidation could be inhibitated by the apple flavonoids,
phloridzin's derivatives which could be produced by the reaction of polyphenoloxidase
vitamin C.
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There are two groups of dietary antio-
xidants, classified according to their solubility,
which play an important role in an inhibition
of lipid peroxidation. The first group are the
fat soluble substances such as carotenoids and
Ol-tocopherol. The other are water soluble
substances such as ascorbic acid and flavonoids.
However, it is possibly that flavonoids could
flip between lipid and aqueous phases, so it
seems appropriate to call them “transfer
antioxidants” (1). An antioxidant is any sub-
stance that, when presents at low concentrations
compared to those of an oxidizable substrate,
significantly delays or prevents oxidation of that
substrate (2). The oxidizable refer to every type
(lipids, DNA

carbohydrates) found in living systems.

of molecule proteins, and

The carotenoids, Ol-tocopherol and
ascorbic acid are categorized as three major
antioxidant nutrients which prevent of delay the
onset of major degenerative diseases of aging,
including cancer, cardiovascular disease,
immune-system decline, brain dysfunction and
cataracts (3,4). The imbalance between antioxi-
dants and free radicals in individuals will lead
to the state of oxidative stress which could be
caused by either decreased antioxidants and /
or increased free radical production. In the
present World, there are a lot of pollutants
including many oxidants that could enter into
the human cells and may perform upto 10,000
oxidative hits on DNA in each cell per day (3).
Besides DNA, lipids and proteins also receive
oxidative damage. The unrepaired damage

accumulates over a life-span resulting in illness
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during the late period of life as mentioned
above. Two studies of dietary antioxidant (5,6)
showed the possibility that three major antioxi-
dant nutrients could delay or inhibit lipid
peroxidation in vitro. Three epidemiological
studies (7,8,9) have revealed that intake of all
three major antioxidant nutrients especially
derived from vegetables and fruits, had an
inverse relationship with degenerative disease
risk.

Dietary flavonoids are the other crucial
antioxidant and there are found particularly in
vegetables, fruits and beverages such as tea and
red wine (10,11). These

wine, especially

flavonoids have an important influence on
colour and flavour of these foods. All flavo-
noids are phenolic compounds which possess
a basic chemical building block comprising of
two aromatic six -carbon rings joined by an
aliphatic three-carbon chain (figure 1.) (12,13).
There could be hydroxyl (-OH), methoxyl
(-OCHa), or sugar groups attached at various
points on the skeleton (12). Most flavonoids
occur naturally as glycoside (14). The flavo-
noids are divided into two major groups the
anthoxanthins and anthocyanins. The anthoxan-
thins consist of flavones, flavonols and flavo-
nones. The anthoxanthins are almost colourless
or light yellow whereas the anthocyanins are
vary in colour from pink, red, violet to blue.
These pigments are responsible for the colour
of vegetables and fruits and could be used as
natural food colourants (15,16). Flavonoids

have been widely reported to inhibit membrane

lipid peroxidation and have become the issue

kR
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Figure 1. General chemical structure of flavonoids.
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of interest although their antioxidant activities
in vivo are not clearly established. Two studies
on the effect of wine's flavonoids on Low
Density Lipoprotein (LDL) oxidation revealed
the following; Frankel et al (17) found that
flavonoids of red wine could protect LDL from
oxidation in vitro and Furhrman et al (18)
showed that the consumption of red wine with
meals could reduce the susceptibility of human
plasma and low desity lipoprotein to oxidation.
Another study of Whitehead et al (10) revealed
that consumption of red wine could increase
serum antioxidant capacity. The supportable
data from the study of Vinson et al(19) showed
that red wines had a much higher phenol content
and a significantly higher antioxidant index than
white wines. This suggested that consumption
of wine, grape juice or grapes should provide
an excellent means of increasing antioxidants
in the diet, The Dutch Zutphen Elderly Study
has added additional weight to the possible role
of flavonoids in reducing risk of coronary heart
disease. Three major sources of Dutch flavon-
oids are from black tea, onions and apples (20).
The antioxidation property of some flavonoids
have been widely reported (1,15,21,22,23,24)

The oxidation damage in living cells
is mainly the results of free radical attack.
Lipids seem to be the most susceptability to
oxidation, especially polyunsaturated fatty acids
in membranes and plasma lipoprotein particles.
Free radicals occurring in vivo are regarded as
by-products of normal metabolism. They are
they contain one or more

unstable since

unpaired electrons so they can attack any
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molecules surround them. There are two group
of active radical species that mediate the
reaction of oxidative damage. These are reactive
oxygen specied (ROS) and reactive nitrogen
species (RNS). Reactive oxygen species refer
to superoxide, hydroxyl radical, hydrogen
peroxide, singlet oxygen, hypochlorous acid and
ozone. Reactive nitrogen species refer to species
which could be derived from nitric oxide and
include peroxynitrite. These free radicals can
damage not only lipids but also proteins and
DNA bases. This oxidative damage is respon-
sible for atherosclerosis, protein and DNA
bases modifications which may lead to cancer.
The reactive species can damage directly their
target molecules in over 100
disease (25-26)

The total antioxidant capacity of fruits

implicated

and fruit juices has been measured and ranked
(27). The greatest antioxidant capacity was in
strawberry and decreased in plum, orange, red
grape, kiwi fruit, pink grape, banana, apple,
tomato, pear and melon respectively. Among
the commercial fruit juices, grape juice had the
highest antioxidant capacity followed by grape
fruit juice, tomato juice, orange juice and apple
juice.

Apple is particularly important since
this is a traditional popular fresh fruit and there
is a large juice consumption. The shelflife of
apple juice is dependent on the total antioxidant
activity which comes mainly from flavonoids
and to a lesser extent from vitamin C. Chloro-
genic acid and phloridzin have been reported

to be the major antioxidants in apple juice (28).




loridzin is a flavonoid (dihydrochalcone)

argely restricted to Malus spp.. Each derivative
‘phloridzin has a different capacity in inhibi-
jon of lipid peroxidation. According to the test
stem of Wiseman et al (unpublished results)
 overall order of potency of the hydroxy
halcone (phloridzin) derivatives was 3-hydro-
oretin > 3-hydroxyphloridzin > phloretin >
yridzin (15). Although phloridzin is not as
. an inhibitor of lipid peroxidation as its
erivatives, it is present in considerable amounts
in young apple leaves and twigs and can be
ined as a precursor for derivative produc-
tion. Phloridzin is now commercially available
but at high price. Ridgway and Tucker have
developed a method of purification of phloridzin
(15) in order to lower the cost of production
and suggested that the fast growing rootstock
of apple could be developed as a new agroche-
mical crop.

The process of conversion of phloridzin
into its derivatives, requires the use of the plant
enzyme polyphenol oxidases (PPO). This
enzyme appears in many higher plants and

mushrooms and are responsible for the
browning reactions in damaged tissues of plants,
especially in fruits and juices (29). PPO can
be obtained from apple leaves and other plant
sources and may be used in the pure or partially
purified forms, or even whole cells according
to the selected reaction, the expense, the side
reactions and the degree of specificity of final
products we required. Polyphenol oxidase is a
plastidassociated ubiquitous copper containing

plant enzyme, which catalyses the hydroxylation
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of monophenols to o-phenols (monophenol
mono-oxygenase or tyrosinase activity, EC
1.14.18.1) and the oxidation of o-phenols to
o-quinones utilizing molecular oxygen (catechol
oxidase or diphenol oxidase or diphenoloxygen
oxidoreductase activity, EC 1.10.3.2). These
groups of enzymes have both advantage and
disadvantage from the food industry view point.
They are major causes of undesirable colour
change in fruit and vegetable products whereas
some products need the changed colour resulting
from their activities such as black tea, dried
banana, cocoa products and raisin.
Polyphenol oxidase is generally con-
sidered to be a difficult enzyme to purify
because of the presence of phenolic compounds
(substrates) with which it reacts. However, a
number of methods for its extraction and
purification from apple have been reported
(30,31,32). PPO has been partially purified
by salting out with ammonium sulphate together
with hydrophobic chromatography on Phenyl
Sepharose CL4B (30) or dialysis (31). One
potential derivative of phloridzin hydroxylation
is 3-hydroxyphloridzin which is produced by
using L-ascorbic acid to partially block the
PPO reaction. L-ascorbic acid continually
reduces quinones to o-diphenols, so the reaction
can not continue to the final brown pigments.
The 3-hydroxyphloridzin is recovered by
partition against ethylacetate and precipitation
with chloroform followed by water recry-
stallization (Ridgway and Tucker unpublished
results).
antioxidant

Besides its property,
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phloridzin also gives derivatives which have
colour in the shade of yellow and orange. This
colour may be used as food colourant in

aqueous food system (15).
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Abstract

The antibiotics timentin and cefotaxime inhibited growth rate of cowpea calluses
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Abstract

A study on polllen morpholgy of 6 species Polygonum L. has been undertaken by acetol-
ysis method. The palynological characters were examined by light microscope and scanning electron
microscope. The palynological studies of all species are spheroidal in shape, apolar in polarity,
periporate in apertures and loosely reticulate in exine sculpturing. Different sizes are classified in to

3 groups, ranging 40-49 |, 50-59 |l and 60-69 |L
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