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Abstract: Indigenous furundu is prepared by cooking the karkade (Hibiscus sabdariffa L.) seed and then

fermenting it for 9 days. Furundu from 24 and 48 h sprouted karkade seed is developed following the

same procedure. Physicochemical properties of the raw and sprouted seeds and of furundu ferments were

analyzed. Microbial growth during fermentation was also screened. Furundu preparation from sprouted

karkade seeds resulted in significant changes in major nutrients. Total polyphenols was increased and

phytic acid unchanged. in vitro digestibility of the karkade seed proteins was 51.465%, and fermentation

of both sprouts (24 and 48 hour) significantly decreased it. Sprouting, for both intervals, decreased total

acidity and fat acidity and pH, suggesting  leaching of acids during soaking prior to sprouting.

Fermentation of the sprouted seeds increased acidity, coupled with an  increase in the pH to 6.00 and a

decrease to 5.79 for 24 and 48 h sprouted substrates, respectively. K and Na and the trace elements

studied were reduced by fermentation of the sprouted seeds. Preparation of furundu from sprouted seed

only improved bioavailability of Ca, Mn and Fe. Results indicate that the sulfur amino acids (methionine

+ cystine) and threonine were limiting amino acids in the raw seed. Minor changes in amino acids

composition after fermentation was noticed. Fermentation of the 24 and 48 h seed sprouts is a mixed

culture process based on Bacillus as the main active organism, in addition to Streptococcus and yeasts

and moulds. Differences in the pH of the end products is indicative to differences in the species of

Bacillus fermenting the two sprouts.

Keywords: Hibiscus sabdariffa; sprouting, fermentation; chemical composition; in vitro protein

digestibility;  HCl-extractability of minerals; microflora.

INTRODUCTION

The world attitude is now oriented to develop low

cost protein foods of plant origin to combat nutritional

problems projected from protein/calorie deficiency.

Traditional food processing techniques are believed to

improve nutritive value of plant foods. Roselle

"Karkade" seed was reported to be a prospective cheap

protein source . Its unpalatability is the main[10,29]

constraint to its incorporation into food system. Cottage

food processing in Darfur, Sudan, able to manipulate

the seeds of karkade; transforming the inedible seeds

by indigenous fermentation into consumable furundu

product. Furundu, a meaty flavor, is a mixed culture

solid state fermentation product of karkade seed .[29]

Very often a spontaneous fermentation utilising the

microflora present on the raw materials is used for

initiating fermentation . Furundu production comprises[22]

two-step fermentation process, boiling the seeds into

water and then fermentation. Cooking step of the

karkade seed was found to lower the inherent seed

protein digestibility as well as no remarkable changes

in some antinutritional factors . Sprouting of plant[29]

seeds was reported to improve nutritional value in

general . Also sprouting of the seeds, from economic[28]

point of view, is so simple and can be done with

minimum requirements compared to cooking which

adds cost of fuel to the process. In this context, the

present study was conducted to investigate the

possibility of developing a furundu-type fermentation

procedure  using sprouted karkade seed as substrate,

and  then to assess the effect of using sprouted seeds

on growth and type of microorganism driving the

process and the consequence of that on the chemical

components  and  the  nutritive  value  of  the

karkade seed.
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MATERIALS AND METHODS

Karakade Seed: Karkade seeds obtained from the

local market in Nyala; Darfur; Sudan;  were used in

this study.

Preparation of Furundu from Sprouted Karkade

Seed:  Karkade seeds were sorted out and cleaned.

One batch of the raw seeds was kept in freezer for

microbiological  tests  and  the  other  was  milled

(0.4 mm sieve) and kept at 4<C until chemical analysis.

Another batch was germinated by first soaking the

karkade seeds in the dark in a solution of sodium azide

(0.005 M) overnight at room temperature (~ 30 C). o

The soaked seeds were then transferred to wet kenaf

sacks and germinated at room temperature (~ 30 C) o

for 24 and 48 hours, respectively. Then part of the

sprouted seeds was kept in a freezer for

microbiological tests and another one was dried at 70

C, milled (0.4 mm sieve) and kept at 4 C foro  o

chemical analysis. The rest of the sprouted karkade

seeds; of 24 and 48 hours; were fermented following

the indigenous procedure of furundu preparation as

described by Yagoub et al. . Each batch of the[29]

germinated seed was packed by pressing into plastic

container, covered tightly and left to ferment for 9

days. Sample portions were withdrawn each 3 days.

Samples for microbiological tests were also prepared as

before. The remaining fermented samples were dried at

70<C and then milled to pass 0.4 mm sieve and kept in

sealed containers at 4<C until chemical analysis.

Proximate Analysis: Lipids, ash, total carbohydrates

and total nitrogen (micro-Kjeldahl) were determined

according  to AOAC . Protein was calculated as N%[3]

X 6.25. Moisture content was determined by drying

samples at 105 C overnight  and then dry matter waso [3]

calculated.  Crude fiber content was determined by

acid/alkali digestion method of Southgate .[25]

Total Titratable Acidity: total titratable acidity was

estimated according to AOAC . [3]

Fat Acidity: Fat acidity was determined according to

the method described by Parades-Lopez and Harry .[19]

M easurement of pH: The pH of the samples was

measured in a homogenate prepared with 10% (w/v)

flour in distilled water, using a glass electrode pH-

meter (HANNA-pH 210).

Total Minerals: Minerals were determined in samples'

extracts prepared by the dry-ashing method as

described by Pearson . The amounts of zinc,[20]

manganese, copper and ferrous were determined

according to the analytical method of atomic absorption

spectroscopy (Perkin-Elmer 1100 V). Phosphorus was

determined by the ammonium molybdate/ammonium

vandate method of Chapman and Pratt . Calcium and[6]

magnesium were determined by the titration method of

Chapman and Pratt . Sodium and potassium were[5]

determined according to AOAC  using flame[3]

photometer (Corning EEL).

HCl-extractability of Minerals: Minerals in the

samples were extracted by the method described by El

Maki et al. . One gram of the sample was extracted[9]

using 10 mL of 0.03 N HCl with shaking at 37 C forî

3 hours. Then, the extract was filtered and the clear

supernatant was dried at 100 C, incinerated at 550 Cî î

for 4 hours. Thereafter, the samples were cooled and

5 mL of HCl were added and heated gently on a sand

bath for 10 minutes. After cooling samples were

diluted to 100 mL. Individual elements were

determined as before. Extractability of each element

was calculated as a percentage of the total amount of

the element.

Amount of mineral extracted 

in 0.03 N HCl X 100

Extractable mineral = ----------------------------------------

   Total amount of minerals

Phytic Acid: Phytic acid was determined by the

method applied by Wheeler and Ferrel . A standard[25]

curve of ferric nitrate was plotted. Phytate phosphorus

was calculated from the standard curve assuming a 4:6

Fe to P molar ratio.

Total Polyphenols: Total polyphenols present in raw

karkade seed and furundu preparation products was

determined using the Prussian Blue assay, as described

by Price and Butler . Tannic acid was used as a[21]

reference standard.

In vitro Protein Digestibility: In vitro protein

digestibility  of the samples was measured according to

the method described by Monjula and John , in which[15]

a pepsin digestion method was used in the

determinations. The digestible protein was analyzed for

nitrogen using the micro-Kjeldahl procedure and[3]

expressed as a percent of the total N.

Amino Acids Analysis: Amino acid composition of

samples was measured on hydrolysates using amino

acid analyzer (Sykam- S7130) based on high

performance liquid chromatography technique. Sample

hydrolysates  were  prepared following the method of
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Moore and Stein . Two hundred milligrams of sample[16]

were taken in hydrolysis tube. Then 5 mL 6 N HCl

were added to sample into the tube, tightly closed and

incubated at 110 C for 24 hours. After incubationî

period, the solution was filtered and 200 mL of the

filtrate were evaporated to dryness at 140 C for anî

hour. Each hydrolysate after dryness was diluted with

one  milliliter of 0.12 N, pH 2.2 citrate buffer, the

same as the amino acid standards. Aliquot of 150 µL

of sample hydrolysate was injected in a cation

separation column at 130 C. Ninhydrin solution and anî

eluent buffer (The buffer system contained solvent A,

pH 3.45,  and solvent B, pH 10.85) were delivered

simultaneously  into  a high temperature reactor coil

(16  m  length)  at  a  flow  rate  of  0.7 mL/min.

The buffer/ninhydrin mixture was heated in the reactor

at 130 C for 2 minutes to accelerate chemical reactionî

of amino acids with ninhydrine. The products of the

reaction mixture were detected at wavelengths of 570

nm and 440 nm on a dual channel photometer. The

amino acid composition was calculated from the areas

of standards obtained from the integrator and expressed

as percentages.

Microbiological Methods: Samples (10 g) of karkade

seed  at  each  stage  of fermentation were placed in

90 mL sterile 0.1% peptone water and shaken to

prepare 10  dilution.. Then a decimal dilution series-1

was  prepared  in  0.1% peptone solution. Aliquots

(0.1 mL) were used to inoculate on to the surface of

agar media a spread plate technique. Additionally,

aliquots (1.0 mL) were used in an agar pour plate

procedure for total viable count of bacteria,

staphylococcus and yeast and moulds. The agar media

employed were: plate count agar incubated both

aerobically and anaerobically; Mannitol salt agar-

selective for staphylococci; potato dextrose agar

containing 50 µg mL  chloramphenicol-selective for-1 

yeasts and moulds. Media after inoculation were

incubated at 37 C (potato dextrose agar was incubatedî

at 28 C) and examined after 48 hours. Colonies on theî

agar plate were counted (cfu/g) and a proportional

subsampling procedure was used to select colonies of

bacteria for identification. Gram staining, spore

staining, presence of active enzymes (Catalase and

oxidase), differentiation of oxidation and fermentation

of carbohydrates, examination for motility and growth

in air tests were employed to identify the genera of

bacteria . [12]

Sta tist ica l A na lysis: M eans from tr ip l ica te

determinations were analyzed using analysis of variance

(ANOVA) to determine the significance differences[24]

followed by Duncan’s Multiple range test (p < 0.05)

when the F-test demonstrated significance .[7]

RESULTS AND DISCUSSIONS

Proximate Composition: Table 1, shows results of

proximate composition of karkade seed as affected by

fururndu preparation from sprouted seeds. Sprouting

(24-48 hours) of presoaked seeds resulted in significant

(p< 0.05) differences of nutrients from the raw seeds.

Protein, oil and crude fiber are almost significantly (p<

0.05) increased, with a simultaneous decrease in ash

content and total carbohydrates. The changes observed

are due to leaching of soluble components during

soaking and as a consequence of enzyme activities

during sprouting and fermentation .[14,18,23,28]

Total Titratable Acidity and Fat Acidity: Figure 1

and 2, shows the total titratable acidity, fat acidity and

pH of the raw and sprouted karkade seed and  furundu

product. Results revealed that the content of the total

acidity and fat acidity in the raw karkade seed were

1070.70 mg/100g and 634.10 mg/100g, respectively.

Mature oilseeds may have subjected to hydrolysis by

the time they are harvested, giving rise to significant

amounts of free fatty acids . [17]

Sprouting, for 24 and 48 hours, of the pre-soaked

karkade seed significantly (p # 0.05) decreased the

total acidity and fat acidity. Fermentation for 9 days

increased significantly (p# 0.05) the total and fat

acidity of the 24 and 48 hour sprouted seeds.

Indigenous Furundu found to contain higher total and

fat acidity than its substrate . Leaching out of the[27]

acidic constituents in to soaking water before sprouting

and hydrolysis of lipids, proteins and carbohydrates by

activated indigenous enzymes in the seedling as well as

by the enzymes of the fermentative microflora may be

responsible for the changes observed in acidity.

pH: The raw karkade had a pH value of 6.06.

Sprouting of the seeds for 24 and 48 hours

significantly (p# 0.05) decreased the pH to 5.93 for

both treatments (Figure 1). The drop in pH found in

sprouted seeds could be resulted from the developed

acidity due to activity of seedling enzymes.

Fermentation for 9 days of the 48 hour germinated

seed significantly (p# 0.05) decreased the pH to 5.79,

but increased that of the 24 hour sprouted seed to pH

6.00. Differences in species of fermentative microflora

(Table 8 and 9) may be responsible for the differences

in the pH of the final products.

Major and Minor Elements Content: Karkade seed

content from major elements analyzed were 0.129%,

1.481%, 0.064%, 0.121% and 0.549% for Na, K, Ca,

Mg and P, respectively (Table 2). While contents the

minor elements of Zn, Cu, Mn and Fe were 10.28,

9.450,  20.164  and 23.35 mg/100 g, respectively

(Table 3). Compared to the results obtained by El Faki
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et al. , potassium, phosphorus and Zn are comparable;[8]

Na, Cu and Mn are higher, while calcium, magnesium

and iron are lower. Sprouting of the seeds for 24 and

48 hours  reduced significantly (p# 0.05) Na and K by

almost the same ratios and all other trace elements

studied, but the levels of Ca and Mg were not affected

(Table 2). Leaching out into  soaking water prior to

sprouting might be responsible for the losses observed

in some major and minor elements. Sprouting of plant

seeds was  found to affect mineral content .[20]

Fermentation for 9 days of the 24 and 48 hour sprouts

did not affect content of major elements studied, while

the contents of the trace elements (Zn, Cu, Mn and Fe)

are changed with varied significance. 

HCl-extractability of Minerals: The HCl-extractability

of Na, K, Ca, Mg and P for the raw karkade seed

were 97.17, 62.06, 16.93, 6.57 and 39.13%,

respectively. 

Phytic Acid: In Table 4, results indicated that the

phytic  acid  content  of  the  karkade seed was

888.33 mg/100g, which is comparable to the value

obtained by Yagoub et al . Neither sprouting of the[27]

karkade seed nor fermentation following that showed

significant positive changes on phytic acid content

inherent in the seed. 

Fig. 1: Total acidity and pH of karkade seed, sprouted

seed and fururndu from sprouted seed. R, Raw

karkade seed; G1, 24-h sprouted karkade seed;

G13, 24-h sprouted seed fermented for 3 days;

G16, 24-h sprouted seed fermented for 6 days;

G19, 24-h sprouted seed fermented for 9 days;

G2, 48-h sprouted karkade seed; G23, 48-h

sprouted seed fermented for 3 days; G26, 48-h

sprouted seed fermented for 6 days; G29, 48-h

sprouted seed fermented for 9 days.

Table 1: Chemical composition of raw karkade seed and furunfu from sprouted seed (percent)*
Sample** protein oil Crude fiber ash NFE***

Karkade seed 32.283 19.900 21.717 5.027 21.103d f f a a

(0.012) (0.185) (0.226) (0.105) (0.100)
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
24-h germinated seed: 0DF 32.430 21.087 23.237 4.540 18.740c c e bc cd

(0.078) (0.158) (0.152) (0.121) (0.416)
----------------------------------------------------------------------------------------------------------------------------------------------------
3DF 32.277 21.193 23.517 4.530 18.447d bc bc de

(0.072) (0.255) (0.161) (0.114) (0.200)
----------------------------------------------------------------------------------------------------------------------------------------------------
6DF 32.343 21.387 23.750 4.517 17.970cd a cd f

(0.057) (0.067) (0.278) (0.126) (0.165)
----------------------------------------------------------------------------------------------------------------------------------------------------
9DF 32.293 21.440 24.000 4.573 17.693cd a bc bc

(0.072) (0.174) (0.346) (0.046) (0.527)
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
48-h germinated seed: 0DF 32.343 20.800 23.370 4.538 18.950cd d de bc c

(0.046) (0.100) (0.135) (0.062) (0.050)
----------------------------------------------------------------------------------------------------------------------------------------------------
3DF 32.387 20.813 23.640 4.530 18.617cd d cd bc cd

(0.046) (0.136) (0.144) (0.045) (0.015)
----------------------------------------------------------------------------------------------------------------------------------------------------
6DF 32.717 20.810 23.967 4.631 17.873b d bc bc fg

(0.092) (0.098) (0.252) (0.112) (0.235)
----------------------------------------------------------------------------------------------------------------------------------------------------
9DF 33.023 20.757 24.590 4.633 16.993a d a b i

(0.050) (0.074) (0.056) (0.058) (0.145)
*Means of triplicate samples. Values in parentheses are standard deviations. Means followed by the same letter are insignificantly different
according to DMRT (p < 0.05). Calculations on free moisture basis.** DF, Days of fermentation.***NFE, Nitrogen free extract. 
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Fig. 2: Fat acidity of karkade seed, sprouted seed and

fururndu  from  sprouted seed. R, Raw

karkade  seed; G1, 24-h sprouted karkade

seed;  G13,  24-h  sprouted seed fermented

for 3 days; G16, 24-h sprouted seed fermented

for 6 days; G19, 24-h sprouted seed fermented

for  9  days;  G2,  48-h sprouted karkade

seed; G23, 48-h sprouted seed fermented for

3 days; G26, 48-h sprouted seed fermented for

6 days; G29, 48-h sprouted seed fermented for

9 days.

Total Polyphenols: Total polyphenols content of the

raw karkade seed was 878.33 mg/100 g (Table 4).

Sprouting for 24 and 48 hour of the  karkade seed

changed the content of polyphenols but with

insignificant magnitudes. Fermentation increased

significantly (p# 0.05) the amounts in the 48 hour

developed seedling (Table 4). This increase might be

attributed to release of bound phenolic compound due

to microbial action.

In vitro Protein Digestibility: Data of in vitro protein

digestibility, by  pepsin-digestive method, of the raw

and sprouted karkade seed and fururndu product are

given in Table 4. The in vitro protein digestibility of

the raw and sprouted (24 and 48 hour) karkade seeds

were 51.465%, 31.27 and 28.70%, respectively. The

significant (p# 0.05) decrease in  protein digestibility

of the raw seed observed on sprouting may be

attributed to denaturation of proteins, and hence reduce

solubility that finally affects digestibility. Fermentation

of both sprouts (24 and 48 hour) gradually increased

the digestibility to significant values of 48.293 and

48.780%, respectively. Microorganisms were found to

produce proteolytic enzymes during fermentation , [2]

which dissociate and degrade proteins , rendering[27]

them more accessible to proteases, and hence increased

digestibility .[14]

HCl-extractability  of Ca in karkade seed was

improved by  sprouting  for  24 and 48 h to

percentages of 26.26 and 24.68%, respectively, while

fermentation following  that  does not improve

bioavailability in both (Table 2). HCl-extractability of

other major elements studied  did  not affect by

fermentation process. Results  also  showed that HCl-

extractability of Mn, Cu, Zn and Fe were 21.7, 8.79,

30.12 and 7.31% , respectively  (Table 3).

HCl-extractability of Mn and Fe in  karkade  seed is

increased  by  fermentation  of  the  sprouted seeds

(24 & 48 h). The decrease in phytic acid was claimed

to be responsible for the changes in mineral

extractability, in particular the major elements. Since P,

Ca, Mg, and K represent the elements of the molecular

structure of phytic acid and phytin . [14]

Amino Acids Composition: Table 5, gives the amino

acid content of the karkade seed and fururndu from

sprouted seeds. Glutamic acid, arginine and aspartic

acid  were  the  major amino acids in karkade seed

and had values of 18.27, 11.69, and 11.42 (g/100g

protein), respectively. Relative to the FAO reference

protein pattern , the limiting amino acids were found[11]

to be the sulfur amino acids (methionine + cystine) and

threonine. The lysine content of karkade seed  was

4.84 g/100 g protein, which is slightly lower than that

of the FAO reference protein. Other essential amino

acids were comparable to the reference protein. The

amino acids profile of karkade seed is comparable to

those obtained by El Faki et al.  and El-Adawy and[8]

Khalil . The ammonia content of the raw seed was[10]

4.56 g/100 g protein.  With the exception of lysine and

tyrosine which decreased on sprouting  for both

intervals of 24 and 48 hours, almost all other amino

acids did not affect considerably by sprouting of the

seed. On the other hand ammonia was decreased to

amount of 3.99 mg/100 g protein on 24 hour sprouting

but increased to 6.10 g/100 g protein on extending

sprouting to 48 hour. Jirapa et al.  stated that[13]

sprouting had little effect on amino acids profile of

plant seed.  Fermentation of the 24 hour sprout show

slight increase in valine, simultaneously with a slight

decrease in arginine. Fermentation of the 48 hour

sprout resulted in a decrease in the phenylalnine from

5.19 to 4.75 g/100 g protein and a decrease in

ammonia  from 6.10 to 5.83 g/ 100 g protein. Other

amino acids did not change by fermentation of the

sprouted seeds. Transamination and/or deamination

reactions may occurred during fermentation,  which

could be responsible for the slight changes observed in

amino acid profile of the karkade seed.
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Table 2: Content (%)*  and HCl-extractability (%)** of major elements of karkade and furundu from sprouted seeds
Major elements
-------------------------------------------------------------------------------------------------------------------------------------------
Na K Ca Mg P

Sample*** ------------------------- ------------------------ ------------------------ ------------------------- ----------------------------
Total Available Total Available Total Available Total Available Total Available

Karkade seed 0.129 97.17 1.481 62.96 0.064 16.93 0.121 6.57 0.549 39.13a a c a b

(0.029) (0.020) (0.002) (0.007) (0.001)
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
24-h sprouted seed: 0DF 0.106 93.3 1.291 30.58 0.065 26.26 0.120 6.58 0.550 24.55b b c a b

(0.001) (0.008) (0.004) (0.006) (0.006)
----------------------------------------------------------------------------------------------------------------------------------------------------------
3DF 0.0104 95.1 1.299 68.98 0.066 23.53 0.122 6.53 0.556 35.97b b c a a

(0.001) (0.017) (0.005) (0.003) (0.005)
----------------------------------------------------------------------------------------------------------------------------------------------------------
6DF 0.105 94.2 1.303 32.88 0.069 22.51 0.118 5.57 0.558 40.5b b bc a a

(0.003) (0.009) (0.008) (0.006) (0.007)
----------------------------------------------------------------------------------------------------------------------------------------------------------
9DF 0.106 93.3 1.290 61.21 0.075 21.54 0.124 6.38 0.550 29.27b b b a b

(0.001) (0.012) (0.011) (0.002) (0.007)
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
48-h sprouted seed: 0DF 0.106 94.39 1.291 18.87 0.065 24.68 0.120 6.5 0.552 32.07b b b a b

(0.001) (0.008) (0.004) (0.006) (0.007)
----------------------------------------------------------------------------------------------------------------------------------------------------------
3DF 0.106 93.3 1.289 41.71 0.077 18.86 0.123 6.48 0.556 41,01b b ab a a

(0.002) (0.003) (0.012) (0.002) (0.005)
----------------------------------------------------------------------------------------------------------------------------------------------------------
6DF 0.108 92.64 1.292 52.66 0.083 14.53 0.118 6.64 0.551 40.65b b a a b

(0.003) (0.007) (0.002) (0.006) (0.015)
----------------------------------------------------------------------------------------------------------------------------------------------------------
9DF 0.108 92.43 1.296 49.69 0.074 16.1 0.117 6.7 0.555 40.36b b b a a

(0.002) (0.012) (0.011) (0.011) (0.007)
*Means of triplicate samples. Values in parentheses are standard deviations. Means followed by the same letter are insignificantly different
according to DMRT (p < 0.05). Calculations on free moisture basis.**Means of duplicate samples.***DF, Days of fermentation.

Table 3: Content (mg/100 g)*  and HCl-extractability (%)** of trace elements of karkade seed and furundu from sprouted seeds
Trace element
----------------------------------------------------------------------------------------------------------------------------------------------
Zn Cu Mn Fe

Sample*** ----------------------------- ---------------------------- ------------------------------ ----------------------------------
Total Available Total Available Total Available Total Available

Karkade seed 10.283 30.12 9.497 8.79 20.164 21.7 23.353 7.31c a a a

(0.071) (0.131) (0.150) (0.078)
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
24-h sprouted seed: 0DF 8.018 18.89 7.053 4.97 15.210 12.59 20.500 6.79e cd ef d

(0.028) (0.231) (0.066) (0.794)
----------------------------------------------------------------------------------------------------------------------------------------------------------
3DF 10.590 19.66 6.760 7.8 15.183 30.89 19.697 10.14b f f f

(0.066) (0.231) (0.040) (0.267)
----------------------------------------------------------------------------------------------------------------------------------------------------------
6DF 10.480 19.47 6.890 6.05 15.297 22.07 19.67 9.16b e e f

(0.035) (0.115) (0.067) (0.046)
----------------------------------------------------------------------------------------------------------------------------------------------------------
9DF 12.692 12.7 7.010 8.21 15.520 26.81 20.167 11.75a d c e

(0.108) (0.030) (0.035) (0.165)
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
48-h sprouted seed: 0DF 8.018 28.1 7.053 13.3 15.613 21.9 21.277 7.06e cd b c

(0.028) (0.204) (0.032) (0.928)
----------------------------------------------------------------------------------------------------------------------------------------------------------
3DF 8.055 25.88 7.330 10.44 15.400 31.77 19.883 8.64e b d f

(0.128) (0.026) (0.010) (0.090)
----------------------------------------------------------------------------------------------------------------------------------------------------------
6DF 8.387 21.46 7.157 6.63 15.453 27.22 20.497 6.46d c d d

(0.05) (0.064) (0.162) (0.244)
----------------------------------------------------------------------------------------------------------------------------------------------------------
9DF 8.337 18.96 7.387 10.84 15.627 26.02 22.197 9.79d b b b

(0.055) (0.162) (0.064) (0.081)
*Means of triplicate samples. Values in parentheses are standard deviations. Means followed by the same letter are insignificantly different
according to DMRT (p < 0.05). Calculations on free moisture basis.**Means of duplicate samples.***DF, Days of fermentation.
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Table 4: Phytic acid (mg/100g), total polyphenols (mg/100g) and in vitro protein digestibility of karkade seed and furundu preparation
products.

sample Phytic acid Total polyphenols In vitro protein digestibility
Karkade seed 888.33 878.33 51.47a b a

(3.51) (9.800) (0.65)
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
24-h sprouted seed: 0DF 886.00 884.33 31.27ab ab g

(2.00) (2.08) (0.65)
----------------------------------------------------------------------------------------------------------------------------------------------------------
3DF 886.67 894.00 45.80ab ab de

(2.31) (13.86) (0.66)
----------------------------------------------------------------------------------------------------------------------------------------------------------
6DF 886.67 887.33 45.78ab ab de

(2.31) (15.28) (0.65)
----------------------------------------------------------------------------------------------------------------------------------------------------------
9DF 878.33 891.00 48.29ab ab bc

(4.51) (7.81) (0.650
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
48-h sprouted seed: 0DF 888.00 880.67 28.70a b h

(4.00) (4.93) (0.660)
----------------------------------------------------------------------------------------------------------------------------------------------------------
3DF 884.00 881.00 40.35ab b f

(5.29) (5.20) (0.65)
----------------------------------------------------------------------------------------------------------------------------------------------------------
6DF 887.33 884.33 44.43a ab e

(5.03) (8.14) (1.71)
----------------------------------------------------------------------------------------------------------------------------------------------------------
9DF 885.33ab 901.33 48.78a b

(6.66) (1.50) (1.11)
*Means of triplicate samples. Values in parentheses are standard deviations. Means followed by the same letter are insignificantly different
according to DMRT (p < 0.05). Calculations on free moisture basis. DF,  Days of fermentation.

Table 5: Amino acids composition of karkade seed and furundu  from sprouted seed (g/100 g protein)*
Amino acid Karkade seed

----------------------------------------------------------
Raw Sprouted Furundu (9DF)**

--------------------------------------- --------------------------------------------------------- FAO/WHO***
24 h 48 h 24 h sprouted seed 48 h sprouted seed

Glycine 6.02 6.10 6.21 6.17 6.06
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Alanine 5.41 5.08 5.13 5.14 4.02
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Valine# 5.83 5.47 3.86 5.70 5.67 5.00
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Leucine# 7.99 7.73 7.80 7.65 7.72 7.00
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Isoleucine# 4.24 4.05 4.20 4.09 4.12 4.00
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Serine 4.05 4.37 4.35 4.41 4.42
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Threonine# 3.34 3.36 3.41 3.38 3.38 4.00
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Methionine# 1.11 0.68 0.96 0.71 0.86 3.5 (methionine

    + cystine)
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cystine# 1.75 2.11 ND 2.17 1.46
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Phenyalanine# 5.35 5.15 5.19 5.09 4.75 6.0  (phenyle alanine

    + tyrosine)
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Tyrosine# 1.79 1.11 1.11 1.18 1.20
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Aspartic acid 11.42 12.01 12.08 11.02 11.99
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Glutamic acid 18.27 20.19 18.82 20.00 18.95
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Lysine# 4.84 3.52 3.68 3.61 3.85 5.5
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Arginine 11.69 11.87 11.43 11.53 11.21
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Histidine 2.22 3.22 3.66 3.26 3.18
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Ammonia 4.56 3.99 6.10 3.99 5.83
*Means of duplicate samples. **DF, Days of fermentation. ***FAO/WHO reference protein pattern (FAO/WHO, 1975). #Essential amino acids.
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Table 6: Changes in total microbial viable count (cfu/g)* during preparation of furundu from 24 hour sprouted karkade seed

Sample** pH Bacteria Staphylococcus Yeasts and moulds

Raw karkade seed 6.06 4.0 x 10 3.6 x 10 No growth4 3

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
24 h Sprouted karkade seed: 0DF 5.93 1.6 x 10 3.0 x 10 No growth5 3

-----------------------------------------------------------------------------------------------------------------------------------------------
3DF 5.98 4.5 x 10 3.0 x 10 No growth4 2

-----------------------------------------------------------------------------------------------------------------------------------------------
6DF 5.98 1.5 x 10 No growth No growth4

-----------------------------------------------------------------------------------------------------------------------------------------------
9DF 6.0 1.7 x 10 No growth 9.0 x 104 3

*Means of 2 isolates. **DF, Days of fermentation

Table 7: Changes in total microbial viable count (cfu/g)* during preparation of furundu from 48-hour sprouted karkade seed

Sample** pH Bacteria Staphylococcus Yeasts and moulds

Raw karkade seed 6.06 4.0 x 10 3.6 x 10 No growth4 3

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
48 h Sprouted karkade seed: 0DF 5.93 7.0 x 10 No growth No growth4

-----------------------------------------------------------------------------------------------------------------------------------------------
3DF 5.93 3.0 x 10 No growth 1.6 x 105 4

-----------------------------------------------------------------------------------------------------------------------------------------------
6DF 5.90 1.2 x 10 No growth 7.8 x 105 4

-----------------------------------------------------------------------------------------------------------------------------------------------
9DF 5.79 2.8 x 10 No growth 9.0 x 106 4

*Means of two isolates. **DF, Days of fermentation

Table 8:  Typing of bacteria during furundu preparation from 24-hour sprouted karkade seed

Sample* pH Isolate Shape Gram Endospore Growth Catalase Oxidase Glucose O/F Motility Genus
No. staining staining in air test test (acid) test**

Raw karkade seed 6.06 1 Sphere + - + + - + O - Staphylococcus
2 Rod + + + + + + F + Bacillus

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
24 h sprouted seed: 0DF 5.93 1 Rod + - + + - + F - Bacillus

2 Rod + - + + - + O - Bacillus
-------------------------------------------------------------------------------------------------------------------------------------------------

                     3DF 5.98 1 Rod + - + + - + F - Bacillus
2 Rod + - + + - + F - Bacillus

-------------------------------------------------------------------------------------------------------------------------------------------------
                     6DF 5.98 1 Rod + - + + - + O - Bacillus

2 Rod + - + + - + F - Bacillus
-------------------------------------------------------------------------------------------------------------------------------------------------

                     9DF 6.00 1 Rod + - + + - + F - Bacillus
2 Sphere + - + + - + O - Staphylococcus

*DF: Days of fermentation. **O/F: Oxidation/fermentation.

Table 9: Typing of bacteria during furundu preparation from 48 hour sprouted karkade seed

Sample* pH Isolate Shape Gram Endospore Growth Catalase Oxidase Glucose O/F Motility Genus
No. staining staining in air test test (acid) test**

Raw karkade seed 6.06 1 Sphere + - + + - + O - Micrococcus
2 Rod + + + + + + F + Bacillus

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
48 h sprouted seed: 0DF 5.93 1 Rod + + + + + + F + Bacillus

2 Rod + + + + + + F + Bacillus
-------------------------------------------------------------------------------------------------------------------------------------------------

                     3DF 5.93 1 Rod + + + + + + F + Bacillus
2 Sphere + - + - - + F - Streptococcus

-------------------------------------------------------------------------------------------------------------------------------------------------
                     6DF 5.90 1 Sphere + - + + - + F - Staphylococcus

2 Sphere + - + - - + F - Streptococcus
-------------------------------------------------------------------------------------------------------------------------------------------------

                     9DF 5.79 1 Rod + + + + + + F + Bacillus
2 Sphere + - + - - + F - Streptococcus 

*DF: Days of fermentation. **O/F: Oxidation/fermentation.
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M icrobial Succession during the Course of

Fermentation of Furundu from Sprouted Karkade

Seed: Total microbial viable counts during processing

of furundu from 24 and 48 hour sprouted karkade seed

is presented in Table 6 and 7. Results showed that

sprouting of karkade seeds for 24 and 48 hours

increased initial numbers of bacterial viable count from

4.0 x 10  cfu/g to 1.6 x 10  and 7.0 x 10 , respectively4 5 4

cfu/g. The sequence of bacterial growth during

fermentation  of  24 hour sprouted karkade seed were

4.5 x 10 , 1.5 x 10  and 1.7 x 10  cfu/g at the 3 , 6 ,4 4 4 rd th

and 9  day of fermentation periods, respectively.th

Results indicated that fermentation of the 24 hour

sprouted seed was dominated almost by non-spore

forming Bacillus species (Table 8). Staphylococcus

count of 3.0 x 10  cfu/g was observed in the 24 hour3

sprout was decreased as the fermentation  time

prolonged  until  nil count in the 6  day. th

Moreover, fermentation of 48 hour sprouted

karkade seed has increased the initial number of viable

bacteria from 7.0 x 10 cfu/g to numbers ranged4  

between 1.2 x 10  to 2.8 x 10  cfu/g for a period that5 6

extends to 9 days (Table 7). Nil of Staphylococcus

species was detected. A notable drop in the pH of the

karkade seed was observed after fermentation, reaching

a value of 5.79 at the 9  day. Occurrence of lacticth

acid-producing Sreptococci (Table 9) may contribute in

lowering the pH in the 48 hour fermented sprout.

Lactobacillus species can produce a variety of

metabolites, including lactic and acetic acids which

lower pH, that are inhibitory to competing bacteria,

including pathogens . During fermentation of the 48[4]

hour sprouts, yeast and mould were detected from the

first 3 days and their numbers continued to rise up on

progress  of  fermentation,  reaching a maximum of

9.0 x 10  cfu/g at the 9  day. Sprouting for 48 hours4 th

may affects the nature of substrate nutrients such as

proteins and carbohydrates, rendering them more

utilizable by microorganisms, hence provoke their

profuse growth. By the end of 48 hours sprouting,

endospore-forming Bacillus was the dominant genera

observed. A mixed culture of Bacillus  and

Streptococcus species was detected during the whole

course of 9 days of fermentation (Table 9). 

In conclusion, results of this study indicate that

furundu raised from the sprouted karkade seed caused

more reduction in in vitro protein digestibility and

HCl-extractability of minerals compared to indigenous

furundu. Soaking for 12 h preceding sprouting of the

seeds is the crucial factor in determining the nutritive

value in the fermented product. Therefore, optimizing

the period of soaking for karkade seed is a pre-

requisite to sprouting process and consequently to the

fermentation process in general. Also the microbial

growth during fermentation of the 48 h karkade sprout

indicate that similar Bacillus species as in indigenous

furundu may dominates.
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