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RINGKASAN

Brcrmelain ( [C.3.4.22.4t  ia lah satu errz im proter" l l i t ik  yang terdapat d idalarn spesi-spesi  dar i

keluarga "Bromel iaceae".

Disebabkan Malay s ia rnenghasi lkan lebih 250.000 ton nenas t iap-t iap tahun. ntaka

t indakan-t indakan untuk menjadikan nenas in i  scbagai  sunrber bagi  enzirn proteol i t ik  sedang

d itit ikbe ra tk a n.

Kaj ian-kaj ian cubaan te lah di ja lankan untuk mengekstrak bronrela in t lar i . laun.  tangkai .

kul i t .  buah dan batang nenas.  Akt ib i t i  dar i  c-kstrak bromelain d i lakukan i lengan menggunakan

kaedah pembekuan susu.  Kesan garam dan pl l  terhat lap akt ib i t i  d i  a ias te lah dikaj i .

Hasi l -hasi l  menunjukkan yang bronrelarn memang terdapat d i  dalam buah. tangkai .  kul i t .

daun dan batang nenas.  Kadar penghasi lan bromelain dar i  buah. tangkai .  kul i t  datr  batang

mas ing -mas ing  i a l ah  0 .08%.0 .067 ,0 .075 ' r i  dan  0 .1  0 .69 i .  Te r l ampxu  sed i k i t  b rou re l : r i n  yang

diekstrak dar i  daun.

Pada pH = 4.6,  akt ib i t i  susu dar i  bromelain batang (1000 5000 \ { .C.U.)  adalah lebih
t inggi  dar i  akt ib i t i  bromelain buah (500 900 M.C.U.) .  pH juga nlenrpr.ur !  a i  kesan terhadap

akt ib i t i  pembekuan susu di  mana ter la lu rendah ( ter la lu asid ik)  atau ter la lu t rngui  { ter la lu basik)
akan mengakibatkan akt ib i t inya rendah. p l l  opt imunt ia lah 3.8.  Garam juga didapat i  rnempunyai
kesan penekanan terhadap akt ib i t i  pembekuan susu oleh bronrela in.

INTRODUCTION

ln 1976 the total production of fresh pineapple for canning was 114.956 metric tons by
both the estates and the snallholders. Of the total pineapple acrcages in Jr:hore. approximately
28.000 acres are estimated to be old stands of pineapple. The Nlalavan Pineapple Industry
Board is undertaking a replanting scheme of the old pineapple areas. The acreage to be
replanted under the Third Malaysia Plan is expected to be 18.000 acres. at the repianting rate
of about 3.500 acres per year. Dunng the replanting the normal pracrice is to kil l  the plants by
chemical spray iollowed by burning (Malay'an Pineapple lndustry Board. Tanrpoi).

Ba , l f  S .  TgOUpSON and  K IES  (194  l )  r epu r ted  tha t  rhe  p lneapp le  p lan t  con tx ins  a
reasonable amount of proteolytic enzyme (brorrrclain). The Pineapple Research Institute of
Hawaii in 1959 started a study on the proteoiytic enzvmes of the pineapple plant. They found
that not only all varieties oi commercial pineapple contain protease, but all species of the
genera "Bromeliaceae" contain similar, but probabiy slightly different protease. Furtherniord.
they found that the protease of the fruit, leaves and stem represented different mlrtures of
proteases.  To avoid coin ing hundreds of  new plant  protease. 'F l l rNIcru and GoRtNFtR (1957)
suggested that the name "Bromelain" should represent any proleolytic enzynte obtained frorr
any member of the family "Bromeliaceae".
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If the possibil i ty of extracting and uti l ising the enzynie is economicai. the pineapplc that
are rejected and the wastes from the fruits and stems could be uti l ised as another source of
proteolytic enzyme.

There are conflicting reports on the protease activity in pineapple fruit at dilferent stages
of  development  and r ipening.  Bel ls .  e t  a l . ,  ( i94 l )  repor ted that  green.  immature p ineapple
fruit have less protease than fully ripe ones. Another worker. Dl SouzA (1948) found 1itt le
protease in market-ripe fruits but appreciable quantit ies in green fruit. While HEINICKE (1954)

as c i ted by GonrNrR and SINclnroN (1965) found that  the bromcla in concentrat ion in
pineapple flesh did not change appreciably as the fruit developed. but at nraturity. when the

fully expanded fruit begins to ripen. the protease content increases. However. GOnf SF.R and
SINc I - r ron (1965) a lso observed that  a marked drop in protease act iv i ty  dur ing the f ina l
ripening occurred and this was not accompanied by a corresponding change in protein

concentration. as it is speculated that bromelain is transformed to another protein which ntay
have a different metabolic role. such as flavour producing enzyme.

HrtNIcxe and GoRtNtn (1951\  in  thei r  work on stem bromela in found that  the

concentrat ion of  the enzyme increased wi th thc matur i ty  of  the p lant .  The centra l  por t lon oI

the stele contain more enzvme than the outer portion. i.e. the cortex.

The number of  proteolyt ic  enzymes present  in  p ineapple p lant  bror le la in has not  yet  been

def in i te ly  ascer ta ined.  HETNICKI:  and GoRTNLR (1951) showed that  crude bnrnre la in could bc

separated e lect rophoret ica l ly  at  pH 6.5 in to four  t l is t inct  conlponents wi th d i f fercnt  proteol l , t ic

activity. Several proteolytic active col.nponents have also been separateti froni contmercial
powdered stem bronte la in by chrcrnratographv on cat ion e. rchange res in at  pH 6.1
(Gn le  Nn r '  nG  and  WrNn- rCx ,  1940 .  ML 'RACI I I  and  N t  U l tA l ' t t .  1960 ) .  The  p repa ra t i on  o f
homogenous stent  bronrela in.  account ing lor  a rnajor  par t  of  t l rc  to ta l  protcolv t ic  act iv i t ) ,  has

been  repo r ted  by  Orn .  MooRt ,  anc l  ST l . . r ^ -  ( 1964 )  and  MuRACt t t ,  Yes t t t  and  YeS t r  on  (1s64 ) .

Otn.  et  a l . ,  (1964) a iso pur i f ied bronte la in f rorn the stenl  as wel l  as f ronr  bt t th  the i rnmature and r ipe

fru i t .  No d i f ferences were detected in  the enzyme obta ined f ronr  these two sources.  However.  the

fru i t  enzyme conta ined much less lys ine.  arg in ine and h is t id inc than the sten)  brot l le la in.

M a n y  r e s e a r c h  w o r k e r s  ( C t t t r r l  N o t , x .  1 8 9 1 ;  W I L L s r R T t t . R .  G I t A s s r t A N  a n d
AMBRos .  1926 :  Gn t : t :NB t rR ( ;  and  Wtsx tuK .  1949 )  have  p repa red  b ron re la in  f r on r  f i l t e red
pineapple juice. These workers have used either sodiurn chloride. antntoniunt sulphate. acetone

or a lcohol  to  prec ip i ta te the enzyrne f ronr  the ju ice.  The v iscosi tv  of  the ju ice.  cc lmbined wi th

low y ie ld of  enzyme. the h ig l r  cost  of  recovery and the value o l  nr i l l  ju icc for  other  byprot lucts

have ef fect ive ly  prevented any conrnrerc ia l  explo i ta t ion of  f ru i t  ju ice f t r r  enzynte product ion.

BALLS. et  a l . .  (1941) proposed that  the only econonrrc advantage in the manul 'acture of '

bromela in over  papain is  by ut i l is ing mater ia l  f rorn byproducts of  anothcr  p incapplc industry .

Raw mater ia l  must  be f rom factory waste s lnce other  products are too valuable.  The anrount  of

enzyme is  too smal l  and i t  would not  pay to dcstroy t l ' re  sugar or  c i t r ic  ac id.  Thel '  t i r r ther

proposed that  the bromela in may be prcc ip i ta ted by a lcohol  and recovered later .  The res idual
ju ice would thereaf ter  be avai lable for  the usual  a lcohol ic  fernrcntat ion as no sugar is  lost .

MATERIALS AND METHODS

Studies were carried out on the extraction <t{' enzytne lrottt thc following parts of the

pineapple plant which were obtained fronr the Jalan Kebun, MARDI station.
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1 .

2 .

3 .
A- .

5 .

6.

Whole fruit (ripe and unripe)

Flesh only

Skin only

Stalk

Stem

Lraves

The recovery rate was calculated and the enzyme activity was tested using the milk
clotting method.

Extraction of bromelain from fruit and skin

Extract ion of  the enzyme wa*s carr ied out  us ing GREENBERG (1940) method.  The
fruits sample were cut into snrall pieces. macerated and weighed. The juice was pressed
and fi l tered through cheeseclolh. The pH of the juice was adjusted to pH 6.0. Ammonium
sulphate was added unti l saturation to precipitate the enzyme. Partial pudfication was
carried out by redissolving the crude enzyme in sodium cyanide and repeatedly
precipitating it. f irstly with 0.6 percent saturated Ammonium sulphate and then with
acctone. The precipitate was thoroughly washed with acetone and ether and then dried in
a vacuum oven.

ii. Extraction of enzyme from stem

The extraction of enzyme from stem was carried out by a method based on that of
HhINICKE and GonrNER (1957).  The raw mater ia ls  for  the extract ion of  the enzyme
were matured pineapple stem. These were collected after the final fruit harvest and were
freed of leaves and sucker stems. The stems were weighed and then placed in a scraping
rnachine. The juice was pressed and fi l tered through cheesecloth. Acetone was added to
the stem juice in two stages. The first step was the addition of two volumes of acetone
to two volumes of stem juice. The precipitated form was discarded as it has low
enzynratic activity, poor colour and poor stabil ity. Addition of another volume of acetone
precipitated the main enzymatic fracticin. This was collected by centrifugation (20,000 g
for 25 rninutes) and washed with acetone and diethyl-ether, and then dried in vacuum
oven. The acetone was recovered from the suoernatant solution bv disti l lation.

iii. Assay of the enzyme

The enzyme extracted was tested for its activity using the milk clotting method
(Bl t - ts  and Hoovt ,R.  19-37) .  Exper inrents were a lso car ied out  to  see the ef fect  of
pH and salt on the nrilk clotting activity of the enzyme.

iv. Definition of activity of bnrmelain

The activity of broruelain was based on its nli lk clotting
uni t  (MCLI)  is  def ined as the antount  of  enzyme which c lots
(under the condi t ions descr ibed)  in  one nt inute.

property. One milk clotting
the rniik in one test tube
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20 g of dried whole rnilk were diluted to 100 ml with acetate buffer of pH 4.6.
The solution of bromelain were prepared by grinding the crude enzyme to a smooth paste
with a smali amount of disti l led water in a mortar. The paste was diluted to the volume
req^uired. 1 ml of the various dilutions of this solution was incubated in a test tube at
40"C with l0 ml of milk preparation. The enzyme was first activated using sodium
cyanide solution (0.02M) for 30 to 60 minutes. The time taken for the formation of
precipitate tl-rrough the tube was recorded. The reciprocal of t ime taken to reach incipient
clotting was taken as a measure of the rate of the reaction. The activity of the enzyme
was calculated based on the formula below:

where

when

The effect of pH on the nrilk
procedure except that in this case
factors were kept constant.

To see the effect of salt on
concentrat ion of  sa l t  so lut ion (5%.
activity was similarly calculated.

K/ t

Enzyme concentration

Kinetics

time (rnin)

K

I

K

enzynre activity (IK) = I/E when t = I

clotting activity was carried out based on the same
the pH were var ied (3.5.  3.8.  4.6,  5.8)  whi le  other

milk clotting. the enzyrne was dissolved in different
10%). while other factors were kept constant. The

f

K

t

E1

+ -

E =
' .  

the

RESULTS AND DISCUSSION

Recovery Rate

As shown in Table 1 the concentration of enzyme was founcl to be greater in ripe fruits
compared to imrnature fruits. This is sirnilarly reporte<1 by Bar-ls. et al., (194r) who founo
that green imnlature pineapple fruit have less protease than fuly ripe ones.

Bromelain is also present in leaves. stalk and stem. Hou,ever, it was fbund most
abundantly in the steln (0.1 0.6%) especially matured ones. I€aves roo contaln enzyme but
y ie ld poor  recovery.  A byproduct  of  s tem bromela in extract ion was starch (10 15% on f resh
weight basis) which is separated from the luice before the extraction of bromelain is carried
out .

Fron Table 2, the rnilk clotting activitv of stern bromelain is
that of fruit or skin bromelain. This is sirniiar to the frndins bv
(1957) who reported that  the stcnr  brorr re la in has MCU/g n i ]OOO

observed to be higher than
H E r N r c x t  a n d  G o R T N E R

5000 while that of fruit

r t5



TABLE 1. BROMELAINW CONTENT OF THE PINEAPPLE PLANT

Part of the Plant Recovery Rate (%)

J. Whole fruit (ripe)

2. Flesh only (ripe)

3. Skin only

4. Stalk

5.  Stem

6. Whole fruit (immature)

7. Flesh (immature)

0.06 0.08

0 . 0 8  0 . \ 2 5

0.05  0 .075

0.04 0.06

0 . 1 0  0 . 6

0.04 0.06

0.05  0 .07

TABLE 2. ACTIVITY OF BROMELAIN AT PH 4,6 FROM PINEAPPLE PLANT

Part of the Plant MCU/g

1. Whole fruit (ripe)

2. Flesh (ripe) of fruit

3. Skin of fruit

4. Stem :

Stem bromelain divided into

a. First precipitation

b. Second precipitation

500 900

500 1000

r00 400

5 0  i 5 0

1000 5000

bromelain to be 800 2500. The activity of the skin bromelain is the lowest (200 400

MCU/e).

However, the milk clotting activity cannot be compared witl-r the result of other workers

as the use of different types of milk, technique or reagents can lead to different rnilk clotting

values.

In Table 3, it is shown that pH has an effect on the rnilk clotting activity of bromelain.

The milk clotting activity was reduced when the pH is too acidic or slightly acidic. When

the pH is greater than 6, the activity is similarly reduced. It was observed that the optimum
pH for milk clotting activity is about 3.S. This is comparable to that reported by B,rlr-s, e)

al., (1941') who observed that the optimum pH for milk clotting activity is about 3.5.

When the enzyme was dissoived in salt (sodium chloride) solution. the rnilk clotting

activity was also affected. When the salt concentration is increased the activity was reduced.
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This is shown in Table 4. The effect of salt was stutfued since salt is added to nrcat during
cooking.  This is  s imi lar  to  the f ind ing of  TuoypsoN, e/  ot . ,  (1913) who rvorked on the
protease extracted f rorr r  g inger .

TABLE 3. THE EFFECT OF pH ON MILK CLOTTING ACTIVITY oF BROMELAIN

MCU/g

Stenr Frui l

pH

3 . 4

3 . 8

4 .6

5 . 8

840

8.000

2 . 1 5 0

1 3 0

117

l . 5 i - 5

-t 50

50

\ r (  [  \ t r l k  C lo t r ing  L 'n i r

TABLE 4.  EFFECT OF SALT (SODIUM CHLORIDE) ON THE CLOTTING
ACTIVITY OF FRUIT BROMELAIN

Sal t  (sodiurn chlor ide)  MCU/g
concentrat ion

0%

5%

t07,

\ {CU \ I i lk  Clot t ing Uni t

CONCLUSION

The exper iment  shows that  the possib i l i ty  of  ext ract ing brorneia in f ior l  the p incapple
plant is great, especially from the stenr where the recovery rate (0.1 0.6c/,) is higlier than
that of fruits (0.06 0.08%). The stent is available in abundancc after harvesting ol fruits and
more so dur ing replant ing t ime.  At  present .  the stern is  c i ther  burned down or  le l i  to  rot .  The
extract ion of  bror le la in f rom f ru i t  is  more economical  dunng the peak season when greatcr
rejection of undersized and over-ripe pineapple occur.

In the market .  the cheapest  source of  proteolyt ic  enzyrne is  papain.  F-or  brornela in to be 
I

competit ive with papain, the raw nraterials used should be that of factory waste as other
products of  p ineapple industry  are very valuable.  I t  wi l l  be more appropr iatc^ i f  brorr ic la in
extract ion is  a byproduct  act iv i ty  o1 '  the p ineapple industry .  Pineapple canning,  ani rnal  fcod
nt i i i ing and brornela in extract ion should be in tegrated act iv i t ies as they are in tcrre lated.
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Frorn the experiment carried out by another worker.(En. Mat Isa Arvang personal
communication) on the prqteolytic activity of the bromelain preparation. it was found that our
enzyme preparation is of about the same strength as bromelain purchased from Sigma Chemical
Co. The activit l, of stem bromelain was higher (1.97 U Cas./min. mg soiid) than that of fruit
brornelain (1.83 U Cas./min/mg solid) but the speclfic activity of fruit bromelain (3.16 U
Cas./nrin/urg. enz. protein) is more superior than stem brornelain (3.01 U Cas./min/mg. enz.
protein). In terms of uri lk clotting activity, the stern bromelain is rnuch Itrore superior (1000 to
5000 MCU) compared to that of fruit bromelain (500 900 MCU) at pH 4.6.

Production of stem bromeiain yields several other byproducts such as starch and cattle
ieed. While none of these by itself is valuable enough to warrant harvesting stumps. they help
to defrav part of the operatins costs.

SUMMARY

Bromelain (Lc.  3.4.22.4)  is  a proteolyt ic  enzyme found in a l l  species of  genera

"Bromel iaceae " .

As Malaysia produces greater  than 250,000 tons of  f resh pineapple annual ly ,  the

possib i l i ty  of  ut i l is ing these pineapples as a source of  proteolyt ic  enzyme is being looked into.

Tr ia ls rvere carr ied out  on the extract ion of  bromelain f rorn leaves.  sta lk.  sk in.  f ru i t  and

stem. Act iv i ty  of  the e\ t racted bronie la in rvas measured using mi lk c lot t ing nrethod.  The ef fect

of  pH and sai t  on rn i lk  c lot t ing act iv i ty  rvas also studied.

The resul t  indicated that  bromelain is  present in f ru i t .  s ta lk,  leaves.  sk in and stem. The

recovery rates of  bromelain f rorn 1-ru i t ,  s ta lk,  sk in and stem are 0.08%, 0.061' i .  0 0157, and 0.1

0.612 respect ively.  Very l i t t le  bromelain rvas tecoveled f rom the leaves.

N{ i lk  c lot t ing act iv i ty  of  the stem. bromelain (1000 5000 MCU) u 'as higher than that  of

f iu i t  bronrela in (500 900 MCU) at  p l I  4.6.  pH has an ef fect  on the mi lk c lot t ing aot iv i ty .

Too acid ic or  s l ight ly  acid ic resul ted in a lorv rn i lk  c lot t ing act iv i ty .  The opt intum pI I  for  mi lk

c lot t ing act iv i ty  is  about 3.8.  Sal t  rvas found to have an inhib i tory ef fect  on mi lk c lot t ing

act iv i tv  of  brontela in.
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