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A B STR A C T

An attem pt was m ade to develop a rice-based fruit dessert w ith the objective of 
seeking alternative uses o f rice together w ith com bined health and nutritional benefits off 
rice and fruit's. The product was successfully prepared by heating cooked rice slurry  
(where the ratjo o f cooked.rice to w ater was 2:3 w /w ) with fru it pulp and sugar (where  
the ratio o f  each to the slurry was 1:6 w/w) for 15 m inutes, to a th ick  consistency, 
followed by refrigerating overnight at 4°C. The basic physica l.and  chem ical characters 
of the dessert w ere established. The product had a sh e lf life o f  two w eeks at 4°C and it 
was successfully prepared using wood apple, pineapple, m ango and papaya. A fter two  
weeks o f storage, the product underw ent physical changes, apparently due to 
retrogradation caused due to high am ylose content. The study w as extended to evaluate  
the effect o f  rice variety on storage behavior. Rice varieties w ith  high am ylose contents 
were m ore sensitive to retrogradation at low tem perature storage, w ith a rate of 
m oisture separation o f  above 0.27 °/o per day and an increase o f hardness above 5.1 g 
cm ^day'1. In the rice variety with low am ylose content (B g H R 6), the m oisture  
separation was 0.06 %  per day and increase o f  hardiness w as 3.7 g cm ^day'1. This 
variety showed the highest consum er acceptability and highest stab ility  during storage, 
due to the stability o f am ylopectin to retrogradation.

K EYW O RDS: Rice based Dessert, Storage Properties, Retrogradation

IN TRO D U CTIO N

Rice, the staple food o f  Sri Lanka, is m ainly consum ed as cooked rice 
and also used to prepare other form s o f  m eals such as hoppers, string hoppers, 
etc. A part from  the preparation o f  traditional sw eet m eal, alternative uses o f  
rice are lim ited to incorporation with w heat flour-based products such as 
noodles and biscuits. Through facilitating rice processing, econom ic value o f  
nvlled or broken rice can be increased and em ploym ent can be generated at 
village level (Juliano et al., 1988).

W hen heated with water, sw elling o f  am ylose and disintegration o f 
am ylopectin m akes a random  configuration o f  starch causing th ickening o f  the 
m atrix leading to gelatinization (Sajilata et al., 2006). W hen the starch 
concentration is high this paste form s a gel during cooling (Lii et al., 1996). 
Hence, a slurry o f  cooked rice could be used to prepare a dessert w ith a texture 
sim ilar to a pudding, with incorporation o f  fruit pulp and sugar to add colour 
and flavor to the final product and increase nutritional and health benefits. 
Specific rice varieties are preferred by the producers for d ifferent products
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developm ent and processing can even m agnify the varietal differences 
(Juliano et cil., 1988).

R etrogradation, the changes that occur in a starch paste or gel on aging 
(Hsu and H eldm and, 2005), is caused due to inherent tendency o f  starch 
m olecules to align w ith one another by increased hydrogen bonding causing 
loss o f  w ater m olecules originally included in the starch m atrix (W ei, 2006). 
This phenom enon has been observed during low tem perature storage o f  
dessert (Hsu and H eldm and, 2005), which is caused due to am ylose m oiety, as 
the linear structure facilitates cross linkages through form ation o f  hydrogen 
bonds. The branched nature o f  am ylopectin inhibits this recrystallization 
(Sajilata et cil., 2006).

The present study w as conducted with the objectives o f  introducing an 
alternative use o f  rice by using a slurry o f  cooked rice to prepare a dessert with 
incorporation o f  fruit pulp and sugar. The effect o f  rice varieties w ith different 
am ylose content w ere also studies on the storage behavior o f  the dessert.

M A TER IA LS AND M ETH O D S 

O p tim iz a tio n  o f  p ro cess in g  m eth o d  fo r rice  b ased  d e sse rt

For the experim ent aim ed at optim izing the processing conditions, rice 
(O iyza  sa liva  L) var. Bg 304 and wood apple (L im onia acid issim a  L.) were 
used. R ice w as m illed (Y anm ar rubber roll sheller, Type ST50) and polished 
(M cG ill, N o 2). Processing m ethod which was optim ized after several 
prelim inary studies is given in Figure 1.

The am ounts o f  ingredients for preparation o f  one batch o f  dessert 
w eighing approxim ately  1200 g, w hich is equivalent to 15 cups with 
approxim ate net w eight o f  75 g, w ere 400 g cooked rice, 600 g water, 200 g 
sugar and 200 g w ood apple pulp. The prepared dessert w as stored under 
am bient condition (27-30°C ) or in a refrigerator (4°C) for further studies.

E v a lu a tio n  o f  basic  physico -chem ica l an d  m ic ro b ia l q u a litie s  o f  the
d e sse r t

M oisture content o f  raw and cooked rice and that o f  the dessert soon 
after preparation and one day after refrigerated storage was m easured using 
standard oven drying m ethod (A O A C, 1990).
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F ig u r e  1. Process flow diagram for production o f dessert

The initial m icrobial quality was exam ined by tak ing  an aerobic plate 
count, yeast and m ould count and determ ining the presence o f  coliform s 
(SLSI, 1991). T itratable acidity and Brix value o f  the product w ere also 
m easured (AO AC, 1990). H ardness was m easured using a locally designed 
penitrom eter, w here w eight in gram s needed to penetrate 1 cm through the gel 
by a wooden rod o f  0.5 cm diam eter was m easured and values w ere presented 
in g/cm 2. All readings w ere taken from three cups draw n from three separate 
batches. V alues w ere expressed as the m ean ±  standard deviation.

Effect o f  the type o f  fruit cn  the product quality

The possibility o f  preparing the dessert w ith the three o ther type^ o f  
fruits, pineapple (Ananas com osus L), m ango (M angifera  indicci L. var. 
K arthakolom ban) and papaya (Carica papraya L. var. Red lady) in place o f  
wood apple was studied. T he am ount o f  fruit pulp and sugar w ere determ ined 
based on the taste. Ratio o f  cooked rice to fruit pulp w ere 4:2 (w /w), 4:2.5 
(w/w) and 4:3 (w /w ) for pineapple, m ango and papaya, respectively, while it 
w as 4:2 (w /w) for w ood apple. Ratio o f  sugar to cooked rice w ere also in the 
same order except for m ango in w hich it w as 4:2.75 (w /w). Sensory characters 
were judged  by seven sem i-trained panelists for appearance, taste, odor, 
texture and overall acceptability  using five-point hedonic scale (1) dislike
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extrem ely, (2) dislike very m uch, (3) neither dislike nor like, (4) like very 
much, and (5) like extrem ely. R esults were analyzed using Freidm an’s test 
(p=0.05).

Prelim inary storage studies

The dessert w as prepared and stored using rice variety Bg 304 and 
w ood apple w ith four different treatm ents i.e. 70 ppm Potasium 

. M etabisulphite (K M S) in am bient storage (27-30°C), 70 ppm KMS in 
refrigerated storage (4°C), and w ithout the addition o f  KM S at each storage 
tem peratures. Each treatm ent was replicated 20 tim es in separate polystyrene 
cups. Five cups from  each treatm ent was rem oved w eekly for four consecutive 
w eeks and counted for num ber o f  spoiled and unspoiled cups considering the 
physical changes by visual observation.

E ffect o f  rice variety  on the quality o f  the product

Six rice varieties, nam ely Bg 250, Bg 304, Bg 357, Bg 379-2, Bg 94-1, 
and Bg H R 6 w ere obtained from the R ice Research and D evelopm ent 
Institute, B atalagoda, Sri Lanka. All were recom m ended varieties except Bg 
HR 6 , which is a hybrid. The am ylose content and gelatinization tem peratures 
o f  these rice varieties are given in Table 1. The fruit used was wood apple. 
Based on positive results obtained in prelim inary storage study, dessert was 
prepared w ithout preservatives for refrigerated storage.

Table 1. A m ylose content and gelatinization tem perature or rice varieties

Variety Am ylose content G elatinization tem perature
Bg 250 High Intermediate
Bg 304 High High
Bg 357 High High

. Bg 379-2 High High
Bg 94-1 High High to Intermediate
Bg HR 6 Low High to Intermediate

Source: Rice Research and Development Institute, Batalagoda.

To study the pattern o f  physical changes hardness, the m oisture content 
and w eight o f  m oisture separated from gel, were m easured. H ardness and 
m oisture content w ere m easured as explained in the evaluation o f  basic 
physico-chem ical and m icrobial qualities o f  the dessert. Initial w eight o f  the 
dessert w as m easured by subtracting em pty w eight o f  the cup from the weight 
o f  the cups soon after reaching room tem perature. M oisture separated from gel 
w as calculated as a per cent o f  initial weight. To assess chem ical changes, 
titratable acidity  w as m easured (A O A C, 1990). All readings from  each variety 
o f  rice, were taken w eekly for four consecutive w eeks in triplicate. The R2 
values for rate o f  m oisture separation from the gel and rate o f  increase o f  
hardness o f  the dessert m ade from each rice variety w as calculated to
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com prehend the correlation o f  the sam e w ith tim e. Sensory evaluation was 
done w eekly to find the effect o f  fruit type on the product quality.

RESU LTS A N D  D ISC U SSIO N  

O ptim ization o f  processing m ethod

The optim um  ratio o f  cooked rice to w ater w as 2:3 (w /v), in order to 
achieve the final product texture. L ow er ratio resulted in w atery m ixtures, 
which are unable to gel, while higher ratio show ed qu ick  gelling  causing 
clotting during heating. O vernight refrigeration is required to  achieve the 
texture o f  the gel.

Evaluation o f  basic physico-chem ical and m icrobial qualities o f  the 
dessert

Basic physico-chem ical properties o f  the dessert are given in T able 2. 
There w as approxim ately  12 %  m oisture separation during  preparation 
irrespective o f  the m oisture added from  the fruit pulp. Soon after preparation, 
dessert had a low level o f  hardness, w hich w as d ifficu lt to m easure. H ardness 
increased after refrigeration (Sajilata  et al., 2006). Initial aerobic p late count, 
yeast and m old count w ere zero and coliform  w ere absent. A low acidity  o f
0.007 g/lOOg o f  the dessert indicates high perishablity , how ever, h igher Brix 
value contributed to osm otic preservation.

Table-2. Basic physico-chem ical properties o f  rice and dessert

Property Product Mean ±  SD
Moisture content (wb) Raw rice 12.67±3.25 %
Moisture content (wb) Cooked rice 73.86±2.76%
Moisture content (wb) Dessert soon after preparation 61.36±2.49%
Moisture content (wb) Dessert after overnight refrigeration 61.14±3.02%
Hardness Dessert after overnight refrigeration 11,05±2.06 g/cm2
Titratable acidity Dessert 0.007 g/100g±0.001
Brix Dessert 37.2±0.8°

Values are means o f three replicates.

E ffect o f  fruit type on the product quality

The product can be successfully  prepared w ith w ood apple, pineapple, 
m ango and papaya, w ith acceptable sensory qualities. F ruit pulp requirem ents 
for m ango and papaya w ere higher than that o f  other fruits. D epending on the 
am ounts o f  sugar and acid content o f  each fruit types, the am ounts o f  sugar 
and fruit pulse need to be added to achieve final product quality  varied.
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M ean sensory scores are given in Figure 2. Sensory analysis indicated 
that pineapple has a significantly higher (p<0.05) acceptable arom a, while 
m ango had the least accepted odor. All four fruits were acceptable w ithout 
significant d ifference in the overall acceptability (p>0.05).

M ean
sensory
score

Taste Odor Texture Overall
accentabilitv

Values with same letters are not significantly different at p=0.05.

□ Pir
□  W.
□  Mi
□  Pa

Figure 2. Sensory attributes o f the dessert prepared w ith d ifferent fruits

Prelim inary storage study
9

The %  o f  spoiled cups and cups w ith physical changes are presented in 
Table 3. Storage life o f  the dessert w ithout preservatives under am bient 
storage w as less than tw o days, but could be extended to tw o w eeks by adding 
70 ppm K M S. Spoilage pattern was sim ilar in K M S-treated sam ples under 
am bier.t and refrigerated storage.'

Table 3. Percentage o f spoiled cups and cups that underw ent physical changes

% spoiled  cups % o f  cups w ith physica l 
changes

D ay 9 16 23 2 9 16 23
Blank, Ambient 20 40 80 80 0 0 0 0
Blank Refrigerated 0 0 0 0 0 0 100 100
Ambient with KMS 0 0 0 40 0 0 0 0
Refrigerated with KMS 0 0 0 0 0 0 40 60

D essert stored under am bient condition did not undergo physical 
changes until day 23 in storage. Physical changes were observed only in 
refrigerated sam ples starting from the 3rd week, w hile they w ere not observed 
in sam ple stored at am bient condition even at the 4 th week. Tw o main physical 
changes observed, apparently  due to retrogradation, were separation o f  water 
from the gel and shrinking o f  the gel m aking it to separate from the container. 
Loss o f  flavor to  the rem oved w ater and loss o f  colour w as also observed. 
R etrogradation w as observed at low storage tem peratures above -5°C (glass 
transition tem perature) at concentrations above 70 %  (Hsu and Heldm and, 
2005). Juliano (1990) explained that cooked rice starch granules can be 
retrogradated by cooling for 4 hrs or keeping overnight at 4°C.
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The KM S w as not successful in extending sh e lf  life due to its inability 
to prevent physical changes o f  the product. In general, consum er preference 
for products w ithout preservatives is higher and these preservatives are 
believed to cause harm ful effects on hum an (Papazian, 1996). M oreover, this 
product is com parable to  yoghurt, a dessert having a sh e lf  life o f  tw o w eeks 
under refrigerated storage. It is thus, concluded to produce the dessert w ithout 
preservatives and stored under refrigerated conditions for subsequent studies.

E ffect o f  rice variety on the quality o f  the product

Figure 3 illustrates the changes in basic physico-chem ical properties o f  
the dessert during refrigerated storage. T able 4 gives the rates o f  m oisture 
separation from the gel and hardness increase. R esults revealed that changes in 
titratable acidity w ere irregular w ith less variation and m oisture content o f  all 
varieties reduced w ith tim e.
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2 9 16

Titratable acidity

23
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Percentage moisture seperation
- o- Bg 250 - ° - B g 3 0 4  - * - B g 3 5 7

— Bg 379-2 —x— Bg 94-1 - < > -B g H R 6

Figure 3. Physico-chem ical changes o f  the dessert prepared w ith different rice varieties  
w ith w ood apple over tim e

Lii et al. (1996) explained that rigidity o f  starch granule depends on 
am ylose content, w here low am ylose granules are less firm . The rice variety  
containing low am ylose contents, Bg H R 6 , show ed the low est hardness. 
Juliano et al. (1988) explained that varietal d ifference o f  rice products in term s 
o f  texture is correlated to am ylose content, but not to gelatinization
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tem perature. A m ylose content has the m ost direct influence on the rice 
product, w ith a dram atic effect on the texture and physico-chem ical properties 
(Del M undo and Juliano, 1981).

t
Table 4. Rates o f separation  o f m oisture from the gel and increase o f hardness o f the 

dessert over tim e

Variety M oisture separation Increase in hardness
°/o separation /  day R- gem '"/ day R J

Bg 250 0.277 0.979 6.54 0.997
Bg 304 0.298 0.795 5.94 0.864
Bg 357 0.274 0.799 5.71 0.807
Bg 379-2 0.353 0.950 5.14 0.886
Bg 94-1 0.354 0.884 6.02 0.919
Bg HR 6 0.064 0.899 3.72 0.880

Appearance
Bg 250 Bg 304 Bg 357 Bg 379-2 Bi: 94-1 BgHR6 

Odour
Mean

6

Taste Texture

6
□ 2
□ 9
□ 16
E3 23 

Days

Overall acceptibility

Values with same letters are not significantly different at p=0.05.

Figure 4. C hanges in sensory qualities o f  the dessert prepared with d ifferent rice 
varieties over tim e
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Changes in sensory attributes o f  the desseit (Figure 4) illustrated that 
there w as a significantly high acceptability  for the variety B g H R  6 in term s o f  
appearance, texture and even the taste, than other varieties during the storage 
period. The variation in sensory scores o f  the product w as m inim um  com pared 
to other varieties. All the varieties except Bg H R 6 and Bg 94-1 w ere rejected 
at the day 16 (sensory score <  3) and Bg 94-1 w as rejected at day 23. Odour 
did not change significantly in all varieties. All varieties except Bg H R  6 w ere 
high am ylose varieties. The higher retrogradation o f  high am ylose varieties 
affects texture and consum er acceptability (Hsu and H eldm and, 2005). 
R etrogradation can be reduced by production o f  cross linked starch, 
hypochlorite-oxidized starches, starch phosphate m onoesters and pre­
gelatinized starch (W ei, 2006).

CO N CLU SIO N S

Rice-based fruit dessert can be successfully prepared by heating 
cooked rice slurry w ith fruit pulp and sugar for 15 m in over fire, follow ed by 
cooling at 4 C overnight. The dessert has a sh e lf life o f  tw o w eeks under 
refrigerated conditions and has acceptable sensory qualities w hen prepared 
with w ood apple, pineapple, m ango and papaya. R ice varieties w ith low 
am ylase content such as Bg H R  6, w as the m ost suitable due to higher stability 
during refrigerated storage and high consum er acceptability .
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