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Jackfruit quality for canning in syrup
(Mutu nangka untuk pengetinan dalam sirap)
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Abstrak

Buah nangka (Artocarpus heterophyl lus Lam.), jenis NS1, dipetik pada

peringkat kematangan 14, 15, 16, dan 17 minggu (dikira dari  masa tunas

mula  d i l iha t ) ,  dan kemudian  d iperam pada suhu ambien  se lama 0 .1 .2 .3 ,4

dan 5 hari sebelum dit inkan sebagai hir isan dalam sirap. Penilaian citarasa

dan analisis tclah di jalankan terhadap nangka tersebut sebelum dit inkan, dan

yang te lah  d i t inkan se lepas  2  minggu,6  bu lan  dan 12  bu lan .

Keputusan yang telah didapati  menunjukkan bahawa buah nangka yang

dipetik pada peringkat kematangan 15-16 minggu dan diperam 3 hari

sebelum diproses, menghasi lkan produk dalam t in yang terbaik. dan boleh

disimpan hingga 12 bulan.

Abstract

Jackfruit  variety (Artocarpus heterophyl lus Lam.). NS1 variety, was

harvested at 14. 15, 16 and l7 weeks maturi ty (from thc f irst appearance of

the  sp ike) ,  and a l lowcd to  r ipen a t  ambien t  tempera ture  fo r  0 ,  
, l ,2 .3 . :1  

and

-5 days before processing as canned sl ices in syrup. Sensory evaluation and

analysis were carr ied out on the raw and canned fruit ,  and on the stored

canned fruit  after 6 and 12 months storage. The results show that fruit

harvested at 15 to 16 wccks maturi ty and stored for 3 days to r ipen, gave

optimum quali ty in the canned product. The processed 'nangka'could be

kept up to 12 months without deteriorat ion of qual i ty.

Introduction
In recent years jackfruit (Artocarpus
heterr,tphylluJ Lam., known locally as
'nangka') has been processed as a canned
product  in  Malaysia (Rukayah 1979).  The
main criteria for selecting a particular
variety for canning in syrup are the
thickness and texture of f lesh (Salehuddin
1985). The Negeri Sembilan variety NSl
was found to have these attributes as well
as a splendid colour, aroma and flavour,
besides having a good recovery
percentage (Sedky 1972).

Fruit which is allowed to ripen on the
tree to the ' tab le r ipeness '  s tage,  however,
gave a mushy and fibrous texture in the
canned product. albiet with excellent
flavour and aroma. To obtain a more
desirable texture in the canned product
the 'nangka'  has to develop to the r ight
maturity on the tree and is harvested
when it is sti l l  hard and unripe. It is then
allowed to ripen for development of
sweetness and aroma, and processed
before it loses its f irm crispy texture.
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. lackfru i t  qual i tv  for  canning

Ind ices of  f ru i t  matur i ty  at  the t ime of
harvest ing,  and r ipening per iod requi red
before processing, have thus far been verv
suhject ive.  I t  was based on the farmer 's
exper ience and observat ions of  such v isual
changes as flattening or spreading of the
scales of  the sk in,  ve l lowing,  sof tening,
exudat ion of  a fa int  f ragrance,  and even a
hol low sound when the f ru i t  is  tapped
(Hew,  S . ,  Semeny ih ,  pe rs .  comrn .  (1983 ) .
A more systematic approach is therefore
required.

In th is  s tudy,  thc a im is  to establ ish
the optimum maturity for harvesting and
the r ipening per iod af ter  harvest ing of  the
NS1 'nangka' .  to  obta in the best  canned
product .

Materials and methods
Maturity studies
' f rees 

of  n\S1 var ietv  were selectcd l r t tm
MARDI orchards in  Serdang and f rom
Sendayan in Neger i  Sembi lan.  

- fo

determine fruit maturity, individual fruit
was tagged at the first appearance of the
spike. Tagged fruit were harvested after
14,  15,  16 and 17 weeks f rorn spik ing.  At
the 17th week hou'ever. only a ferv of the
tagged f ru i t  werc avai lable for  harvest ing.
the others being c ' r ' "er- r ipe.  The harvested
fru i t  ( three for  each matur i t l ,per iod)  were
al lowed to s tand.  s tem-end dovr 'n .  in  a
ripening cupboard at room temperature
unt i l  they r ipened.  Dai ly  observat ions
were made unti l the fruit exuded a faint
typ ical  aroma of  'nangka' .  At  the same
time the fruit had softened a l itt le and the
light green colour of the fruit coett was
turning yellow. The ripe fruit of each
maturity stage were then withdrawn for
sensory evaluat ion and canning.  The
canned product was stored for sensorv
evaluat ion at  0,  6,  and 12 months.

Storage for ripening studies
Frui t  o f  1-5 and 16 weeks matur i ty  were
stored in the ripening cupboard at
ambient  temperature.  Dai ly  samples
( three f ru i t  each)  were wi thdrawn af ter  1.
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2,  3,  4 'and 5 days of  s torage for  sensory
evaluat ion,  analys is  and canning.  

' I 'he

canned product was stored for sensory
cvaluai ion at  0.  6 and 12 months.

Processing
An impediment  in  the preparat ion of
'nangka'  s l ices for  canning was the very
st ickv la tex which issued for th when i ts
tough scaly skin was cut. 

-l 'hus 
be lor.e the

cut t ing and s l ic ing operat ions,  f ingers and
knife had to be smeared with a protccrtive
layer  of  edib le o i l .  In  th is  way a n. r in imal
amount  of  la tex adhered to utensi ls .  e tc . .
which could then be washed of f  wi th a
detergent .  The f ru i t  sk in was s l i t
longitudinally to expose a nlass of fruit lets
or  bulbs ( f lesh and seed) embeddcd
between st rands of  unformeci
par thenocarpic  f ru i t le ts .  The bulbs were
sliced off thc skin and removed from the
unforrned fruit let strands. l-hey were then
deseeded and s l iced to a sui table s ize.
before washing and processing as an
acidif ied canned food according to the
standard method for  f ru i t  canning in  the
Food Technology Div is ion (Salehuddin
198-5) .  The f low char t  and parameters of
the jackfru i t  processing is  shown in
Figure I .

In i t ia l  test  sample cans were taken
af ter  2 weeks to a l low for  equi l ibr ium.
whi ls t  the remain ing cans werc stored at
ambient conditions for evaluation after 6
months and 12 months storage to
dctcrmine the shel f  l i fe  auai i tv  of  thc
product .

Sensory evsluation
I'he sensory qualit ies of raw and canned
'nangka'  and the stored canned products
were assessed using a descriptive sensory
test. 

' l 'he 
approach involved the use of a

scor ing and scal ing method (Pangborn
1967).  T 'he panel  was provided wi th a
vcrbal  scale of  br ie f  adject ives descr ib ing
the in tensi ty  or  d imcnsion of  each
at t r ibute under s tudy in  a descending or
ascendins order .  A numer ical  scale was



'Nangka'  f ru i t
+

Cut open. remove bulbs ( f ru i t lc ts)

+
Deseed, s l ice into sui t i rb lc s izc and u 'ash

I
t

Fi l l  cans (250 g)
( 7 - 1  m m  x  1 1 7  m m )

+
Pour  i n  ho t  s l r up  (90 'C )

( "B r i x  30 .  u ' i t h  0 .1 - t i  c i t r i c  ac i d  and  0 .1 ' , i  CaC l . .
p H  3 . - 5 - 3 . 7 )

+
[ :xhaust  cans wi th stcam (3 mins)

+
Seal  cans (above 75 "C)

V

Rc to r t  a t  1 (X )  "C  (7  m ins )

+
Coo l  ( bc l ow  - s t ) 'C )

+
Labcl

Figure l. F-lov' chart rl ' thc tanning oJ 'nungku'

assigned to each def ined intensi ty  fc l r  the
purpose of  s tat is t ica l  analvs is  (Daget
1977).  The scale was st ructured at  f ive
points each for  co lour .  sweetness,  aroma.
firmness, f lavour and overall acceptabil it\ ' .

Analysis
Raw f ru i t  were analvsed dur ing d i l ' lercnt
stages of  r ipening for  the fo l lowing:
O pH was measured u, i th  an Or ion

Research Dig i t ia l  lonalvser /501
(u  s .A . )

a 'Br ix  was obta ined using an Atago
b r i xme te  r  ( Japan ) .

a Colc lur  was determined b\  a
Hunter lab color inretcr  D2-5 A- l
(Hunter  Associates Laboratorv Inc.
V i rg in ia .  LJ .S .A . ) .  

- l ' he  
co lou r

measured consistcd of  L :  in tensi tv .
4 : r e d . a n d b : v e l l o w .

O Sugar ancl  s tarch (" ;  )  were
determined by the Lane and Eynon
method  (Ruck  1969 ;  A .O .A .C  1970 )
in which the amount  of  inver t  sugar
to reducc Fehl ing 's  sr t lu t ion tu red
insoluble cuprous ox ide u 'as
d e t e r m i n c d  h r  t i { r t r t i o n .  u s i n u
methv lene  b lue  as  i nd i ca to r .  A
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sample of  l5  g was f i rs t  ext racted wi th
water  in  the presence of  a lcohol  .  The
solut ion was then f i l tered.  the f i l t ra te
being used for  sugar determinat ion.
and then the res idue was hvdrolvsed
belbre being used for starch
determ, inat ion by the same t i t ra t ion
method.

O Acid i ty  (?2 as mal ic  ac id)  was
determined by t i t ra t ing an a l iquot  of
the water  ext ract  wi th a standard
solut ion of  sodium hvdroxide to pH
8 .1  us ing  the  above  pH  me te r  (Ruck
r e6e).

Statistical analysis
The sensory evaluat ion data were
examined for  var iat ions betwcen the
di i ferent  s torage per iods bv analvs is  o l '
var iance (ANOVA) calculated separate lv
for  each var inble us ing a Hewlet t  Packard
9133  compu te r  (Ca l i f o rn ia .  U .S .A . ) .

Results and discussion
Maturity studies
Changes in the external  appearance of  the
matur ing f ru i t  f rom l l  to  l7  weeks af ter
the appcarance of  thc spike were rather
gradual .  Skin colour  was l ight  grecn to
vel low,  r . l ' i th  f ru i t  o f  17 weeks matur i t l '
occasional ly  becoming a fu l l  ve l low colour
and over-r ipe for  canning as i t  was tc lo sof t
but  verv aromat ic .  Fru i t  o f  l -1  u,ecks
matur i tv  were general lv  srnal l .  . *h i ls t

l 5 th -week  f ru i t  u ,e re  va r i ab le  i n  s i ze . - l ' he
l6th and lTth-wce k l ru i t  nere consistent lv
larger .  The proport ion of  pointcc l  to  f la t
scaies c l f  the sk in d id not  show anv sharp
t l cm i r r c l r l i on  du r i ng  these  m l r l u r i ng
per iods.  Thus harvest ing of  f ru i t  bv
er tcrnal  appearance a lone would be very,
dependen t  on  the  expe r i ence  o f  t he
farmers.

When s l iced open for  r ipening.  f ru i t
o l  14  weeks  ma tu r i t v .  be ing  sma l l e r ,
gencral lv  gave f ru i t le ts  wi th a re lut ive lv
th in f lesh (but  not  too th in t<t  be uscd lbr
cannin-e) .  Bv l -5 weeks the f ru i t  uere
bet ter  c levelooed and some bulbs rvere

168



Jackfruit  qual i ty for canning

Table 1. Anova table of signif icance for sensory evaluation of raw 'nangka' at dif ferent

stages of maturity

Variable
5ource oI
variation Colour Sweetne ss Aroma Firmness Flavour 

u...0ru0.,.,,

Matur i ty  ns

Replicate ns ns

Matur i ty  x ns ns

replicate

* * 77c' level of significance
* 57o level of significance

ns not  s igni f icant

Table 2.  Sensory evaluat ion of  canned 
'nangka'  f rom fru i t  of  d i f ferent  matur i ty

stages

Mean score
Weeks

*  * *  n s  n s
ns ns
ns ns

Colour Sweetness Aroma Firmness Flavour
accentabl  I  l  tv

14 2.86a 2.00a 3.24b 3.35a 3.00b 3.20b
15 2.68a 1.82a 2.78ab 3.20a 2.21a 2.40a
16 2.69a 2.04a 2.65a 3.42a 2.32a 2.15a
17 2 .54a 2 .57  a  2 .57  a  3 .29a 2 .30a 2 .19a

Scale:  Colour l :pale yel low 5:dark yel low

Sweetness 1:very sweet 5:not  sweet

Aroma 1:very strong 5:none

Firmness l :very f i rm 5:sof t

Overall

acceptabi l i ty  1:extremely good 5=extremelypoor

Mean values with thc same letter are not sienificantlv different at 5clo level

Table 3.  Sensory cvaluat ion of  raw 
'nangka'  in compar ison wi th stored canned 

'nangka'

(maturity studies)

Mean score

Colour Sweetness Aroma Firmness Flavour overal l . . . .
acceptabr I  r tv

Raw fruit
Canned fruit stored for

0 month

6 months
12 months

2.33a 2.40b 2.51a 1.93a 2.02a 2.05a

2.89a 2.00ab 2.92a 3.62b 2.67b 2.96b
2.94b 1.40a 2. '76a 4.03b 2.17ab 2.81b
2.62ab 1.92ab 2.05a 3.67b 2.67b 2.72b

Mean values with the same letter are not significantly different at 57c level

For score descriptions see Table 2.

thicker, but there was sti l l  some degree of f irmness, sweetness and aroma between
uneven thickness. By 16 and 17 weeks the the fruit at different stages of maturity.
fruit were fully developed and rounded, There was a general trend of increasing
with fruit lets of thick flesh. sweetness and aroma in the maturing

Sensory evaluation of the raw fruit. Firmness was also influenced by
'nangka' (summarised in Table 1) shows significant differences between replicates.
that there were significant differences in
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Table 4. Descript ion of raw 'nangka' f lesh from fruit  harvested at 15 and

16 weeks maturi ty and stored for r ipening

Storage Colour
days

Arorna Taste Tcxturc

0
I
2

palc yel low

sl ight  yel low

l ight  yel low

yel low

sl ight ly  dark
ycl low

dark velkrw

n i l
vcrv s l ight
fa int

good

very gtxrd

very good

porvdery. raw
raw. s l ight lv  swcct

s l i gh t l l ' swee t .
so ur

sweet.  s l ight iv
sour

vcrv sweet

very swdet.  s l ight ly
fermented

very hard
very hard
less hard in
parts

f i rm

softening but
st i l l  qui te f i rm

soft and watery
in parts

Since these observations on raw fruit
can only g ive indicat ions for  ' tab le '

consumption, it was necessarv to process
fruit of all stages of maturitv to observe
their behaviour after processing. Canned
'nangka' f rom f ru i t  harvested at  var ious
stages of maturity were then assessed by
the taste panel. The results in Table 2
show that canned slices from fruit
harvested at 14 weeks maturity had less
flavour and aroma. and were therefore
less acceptable. After 15 weeks there was
a significant inrprovement in flavour,
aroma and overall acceptabil ity, which
was mainta ined through to 16 and 17
weeks.  Thus 15 tc l  16 weeks was taken as
the opt imum matur i ty  per iod for
harvest ing,  s ince at  17 weeks f ru i t  were
over-ripe in some cases.

On the whole,  the canned products
from all stages of maturity were alwavs
less acceptable when compared wi th the
raw fruit as shown in Toble J. The
f i rmness,  f lavour ,  and overal l
accep tab i l i t y  we re  s i gn i f i can t l v  d i f f e ren t .
However,  the canned products
mainta ined thei r  qual i ty  wi th no
signi f icant  changes whcn stored through
to 12 months.

Ripening studies
Changes in the external  appearance of  the
ripening fruit after harvesting (observed
onl l r  on f ru i t  o f  1-5 and l6 weeks matur i tv)
were more marked than in the matur ing

fru i t :  co lour  and aroma being the main
cr i ter ia .  In i t ia l ly  no aroma at  a l l  was
detected but by the second day a faint
aroma had developed. and the skin colour
changed to yel low.  By the th i rd day the
aroma was distinctly strong and a deeper
vel low sk in was observed.  The increasing
aroma and deepening sk in colour
progressed through to the fifth day when a
sl ight  a lcohol ic  aroma was a lso detected
and rust-l ike patches appeared on the
sk in .

A descr ipt ive account  of  the 'nangka'

flesh sampled at 0 to 5 days of storage in
the ripening cupboard, is given in Table 4.
In i t ia l ly  the f lesh of  the unr ipe l ru i t  (of
both l5  and 16 weeks matur i ty)  was pale
yellow and very hard, having a powder.v
raw taste and no aroma. Gradual ly  the
colour ,  aroma and taste began to develop,
with a significant change occuring cln the
th i rd day,  thus corroborat ing the ear l ier
observations of the external appearance
of  the f ru i t .  This  was accompanied by a
change from a raw, very hard flesh to a
r ipe,  f i rm one.  On the four th day.  the
aroma. taste and colour  cont inued to
develop but the fruit began to sclften a
l i t t le .  and by the f i f th  day there was a
sl ight  fermented taste in  the sof t .  watery
fruit. Thus it would appear that although
fourth-day fruit were sweeter and more
aromat ic  than th i rd-day f ru i t .  the1,  would
be more sui table for  ' tab le '  consumpt ion.
whereas the latter fruit were more firm
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Jackfru i t  qual i ty  for  canning

1 2 3 1 5

Days

Figure 2. Effect of storage on the sensory evaluation of raw'nangka' (ripening studies)

and of optimum quality for canning.
The results from sensory evaluation

ofraw'nangka', given in Figure 2, confirm
that colour, sweetness, aroma, flavour
and overall acceptabil ity of the 'nangka'
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developed slowly in the first 2 days, and
changed significantly to reach optimum
levels on the third day. On the fourth day
softening of the fruit was observed. No
significant differences were noted

I
Days

Overall acceptability
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Table 5. Analysis of raw'nangka'harvested after 15 and 16 weeks maturi ty and

stored for r ipening

Analysis Days of storage

15 weeks matur i ty
pH

"Br ix

7c sugar
7i starch
o/. acidity (as

mal ic acid)
L
a
b

l6 weeks matur i ty
pH
'Br ix

o/a srtgz.r
'% starch
%acidi ty  (as
mal ic acid)

L
a
b

6.55
4 . 1

trace
11 .06
0 . 1 2

+ 7 7 . I
- 2 . 3

+2tt.3

6 . 5 1
1 . 3

trace
I  8 . 3 6
0.06

+77.0
- 3 .  I

+28.2

6 . 0 1
6.0
r . 6 5

1.1.85
0 . 1 7

+'77.0
2 .3

+28.0

5 .09
6.0

3 . 7 3
14. U-5
0.20

+76.9
-  L . - 1

+28.0

4.86
20.0
7 .8 i
7 .28
0.75

+ 6 8 . 1
+  2 . 3
+28.8

s.20
1 4 . 8
1 .59

1 0 . 3 7
0.26

+72.6
4 .1

+34.0

5 .  l 8

10.73
6.03
0 . 6 1

+ 59 .3
+ 5 . 4

+27.0

5 .08
2 1  . 0
9 . 1 9
6.54
0.21

+59.2
+ 5 . 3

+2"7 .1

5 .53  5 .50
20.0  19 .0

10.34  9 .64
6 . 4 1  7  . 7  5
0 .43  0 .3s

+59.6  +58.2
+ 5 . 1  + 5 . 3

+27.3  +26.8

5 . 1 . +  5 . 0 1
2 1 . 0  1 9 . 0
10.06  10 .68
7.93  6 .25
0 . 2 6  0 . 1 7

+64.7  +-51  .9
0 .6  +0 .2

+32.5  +27.4

where 1- ,  a and b are Hunter lab parameters for  colour

between raw fruit of 1-5 and 16 weeks
maturity. The analysis results on raw
'nangka' (harvested at 15 and 16 weeks
maturity) during the process of ripening
are shown in Table 5. It is noted that sugar
and "Brix levels increased dramatically
between the second and third day of
storage for fruit of both stages of
maturity, and remained so up to the fifth
day. At the same time starch decreased
markedly on the second and third day,
remaining thus up to the fifth day. There
were a lso some increases in  ac id i ty ,  whi ls t
Hunterlab colour for L decreased and for
a increased,  showing the deepening of
colour. These changes account for the
sensory observations when the fruit
changed from raw, hard, powdery and
light yellow to ripe, f irm, sweet, and deep
yel low on the th i rd day.

Canned 'nangka' slices from fruit
harvested at 16 weeks maturity and
ripened at ambient temperature for 3 days
were significantl l, more firm and

acceptable than those from fruit kept fclr
4 days (Table 6). Those ripened for 2 days
or less were not canned since thev were
sti l l  very hard. In the case of fruit
harvested at  l5  weeks matur i ty .  2  days
ripening was sufficient for some fruit. In
th is  case.  sweetness of  the canned s l ices
from three-day fruit was better than from
those ripened for 2 days. Firmness was
significantly better in fruit stored for 2 and
3 days than for 4 days. Aroma increased
with ripening storage, 4-day ripening
being significantly different from 2-day
but not significant from 3-day. Colour and
flavour were not significantly different in
a l l  cases.

Thus it is clear that frurt of 15 and 16
weeks maturity, stored for 3 days resulted
in canned products of optimum quality.

A comparison of the overall sensory
evaluation of canned 'nangka' obtained
from fruit. harvested at l5 and 16 weeks
maturity, kept in the ripening room for 2,
3,  and 4 days,  and stored over  0,  6 and
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Table 6. Sensory evaluation of canned 'nangka' from fruit  r ipened at ambient

temperature for 2, 3, and 4 t lays (r ipening studies)

Nfean score
Davs

Colour Sweetness Aroma Firmncss Fravour overal l
acccptability

l5 weeks maturi ty
2  2 . 1 4 a
3  2 . 1 5 a
4 2.53a

l6 wecks maturi ty
3  2 .22a
4 2 .13a

2.69b
2.19a
1.u3a

1.99a
l . 8 l a

3.,10b
2.97ab
2.46a

2.60a
2.84a

: .  - )  l : l

2.29a
3.67a

2. -55 a
3.60b

3 . 1 1 a

2 . 3 1 a

2.28a
2. -53a

2.90a
2.18a
2.5tia

2.20a
2.6'7b

Mean values wi th the same let ter  are not  s igni f icant l !  d i f ferent  at  -57.  level

For scnre descriotion see Table 2.

Colour

l5 weeks

Sweetness

1 5 weeks 16  weeks[6 weeks

Aroma Firmness

Flavour

r a w 0  6  1 2 r a w 0  6  1 2

Figure 3. Sensory evalLtation ol raw'nangka

(ripening studies)

: t - 1

T

_l'so 
'r'

Key

l---lRu*

ffil cunn*d, stored
for  0.  6 & 12 moths

r a w 0  6  1 2

in comparison with stored canned 
'nangka

Overal l  acceptabi l i ty



12 months at ambient temperature, with
that of raw 'nangka' is shown tn Figure 3.
The results show that the canned 'nangka'

was significantly less firm than raw
'nangka' .  However the colour ,  sweetness.
aroma, flavour and overall acceptabil ity
of canned 'nangka' were not significantly
different from those of raw 'nangka'.

There were also no significant changes in
the sensory qualit ies of canned 'nangka'

when stored up to 12 months.
Thus, although optimum quality of

canned 'nangka' slices was obtained from
fruit of 15 to 16 weeks maturity after
storing for 3 days, the product was
different from raw fruit in f irmness.

Conclusion
Optimum quality of canned 'nangka'

(NS1) was obtained from fruit harvested
at  15 to 16 weeks matur i ty  (af te i  sp ik ing)
and stored for  r ipening at  ambient
temperature for 3 days before processing.
The canned product was kept up to 12
months wi thout  loss in  oual i tv .
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