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Bitter and sweet apricot seeds are by-products of the apricot processing industry. Bitter seeds, in 
particular, contain toxic levels of the cyanogenic substance amygdalin. Tempe was made from both kinds 
of seeds. The bitter seeds contain antimicrobial substances which must be removed by leaching and 
boiling prior to tempe fermentation. Apricot seed tempe had an agreeable taste. It contained approx. 21% 
(w/w) crude protein, 52% (w/w) crude fat, 1.5% (w/w) crude fibre and 25.5% (w/w) carbohydrates 
based on dry matter. The extent of biological acidification during soaking prior to fungal inoculation was 
inadequate to prevent growth of Bacillus cereus, and requires further optimisation. Bitter seeds were 
detoxified by the tempe process (approx. 70% of total cyanide was removed). However, additional 
improvement of the detoxification process is required to obtain a completely safe product. 

Key words: Apricot seeds; Amygdalin; Bacillus cereus; Tempe; Detoxification; Fungi; Rhizopus 
oligosporus 

Introduction 

Apr ico t  (Prunus  armeniaca)  is the most  del ic ious s tone  frui t  consumed  dur ing  the 
summer  season in Turkey.  I t  is used fresh, or  processed  as apr icot  juice ,  nectar ,  j a m  
and  dr ied  fruit. The  amoun t  of  apr icot  seeds remain ing  after  p rocess ing  is qui te  
large. These can be ut i l i sed to p roduce  edib le  oil and  b i t t e r  a l m o n d  oil. A p r i c o t  
seeds con ta in  a high level of p ro te in  which can be used as a food ingredient .  
However ,  they also con ta in  amygdal in ,  a po i sonous  cyanogenic  g lucoside  c o m p o u n d  
which may  be le thal  to humans .  A m y g d a l i n  was first  ident i f ied  in b i t t e r  a lmonds  
and is also present  in the seeds of  o ther  fruits  (Montgomery ,  1969). The  toxic i ty  of  
this c o m p o u n d  is due to the l ibe ra t ion  of  H C N ,  a po ten t  inh ib i to r  of  cel lular  
resp i ra t ion  and  a c o m p o u n d  able  to in terfere  with bo th  amino  acid  me ta bo l i sm  
(Ai tken  and  Bra i tman,  1989) and  neuro t ransmiss ion  in the centra l  nervous  sys tem 
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(Yamamoto, 1989). With regard to amygdalin, bitter almonds have caused acciden- 
tal deaths (Blyth and Blyth, 1920). Accidental poisoning has occasionally followed 
the ingestion of peach kernels (Montgomery, 1969), Kalabey apricot (McTaggart, 
1936) and choke cherries (Pijoan, 1942). 

When the seeds are macerated in water, hydrolysis of amygdalin occurs. Most of 
the HCN formed evaporates during boiling. If the cooking utensil is covered with a 
lid, condensation occurs and the cooking water may become heavily contaminated 
(Montgomery, 1969). 

In this research, bitter and sweet apricot seeds were used to produce tempe, 
aimed at obtaining a nutritious and detoxified product. Tempe is usually made of 
soyabeans fermented with Rhizopus o#gosporus, although it can be made of other 
grains (Ko and Hesseltine, 1979). 

Materials and Methods 

Materials 

Bitter and sweet apricot seeds were obtained from Izmir, Turkey. Rhizopus 
oligosporus NR R L 5905 was grown and maintained on malt extract agar (MEA, 
Oxoid CM 59) slants. Incubation was at 30°C for 1 week, and grown cultures were 
stored at 5°C. 

Methods 

Preparation of tempe 
Tempe was prepared according to the procedure described by Tunnel et al. 

(1989). Apricot seeds were ground to grits using a household blender (Moulinex, 
France). The particle size distribution was determined using ASTM E 11-70 test 
sieves No. 4, 10 and 18 (Retsch, Haan, F.R.G.) and was as follows: 25% < 1.10 
mm; 17.8% 1.00-2.00 mm; 35% 2.00-4.75 mm; 22.2% > 4.75 mm. Two types of 
soaking were compared: (i) a neutral soak at 4°C for 18 h avoiding biological 
acidification, and (ii) a fermentative soak at 20°C for 18 h using the principle of 
accelerated lactic fermentation with inoculum rate 10% (v/v)  (Nout et al., 1987b). 
Prior to inoculation the grits were boiled in water in an open vessel for 30 min, 
drained and cooled. 

Microbiological analysis 
Sample preparation, enumeration of lactic acid bacteria, Enterobacteriaceae, 

Bacillus cereus, Staphylococcus aureus, and reporting of counts was described previ- 
ously (Nout et al., 1987a; Tunnel et al., 1989). All samples were analysed in 
duplicate and their mean values were reported. 

Chemical analysis 
Crude protein, crude fat and crude fibre contents were determined by AOAC 

methods nr. 27007, 27006, and 7054, respectively (Horwitz, 1975). Carbohydrate 
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content was determined by difference. Total cyanide content was determined as 
follows: sample aliquots of 7.00 g were extracted thrice with portions of 70 ml 
boiling 70% ethanol (1 min in a Sorvall Onmimixer (model 17106, Dupont Co., 
Newton, USA) at full speed each time), followed by immediate filtration by suction 
through a Whatman ® filterpaper qualitative No.2 (Whatman Ltd., Springfield Mill, 
Maidstone, Kent, U.K.) into an ice-cooled container. The pooled extracts were 
made up to 250 ml with 70% ethanol, and the resulting solution was analysed for the 
presence of amygdalin, prunasin, mandelonitrile (cyanohydrin) by a quantitative 
'spot' test (Brimer and Molgaard, 1986) and thin layer chromatography-densitome- 
try (Brimer et al., 1983). All samples were analysed in duplicate and their mean 
values reported. All trials had two replications. The limit of quantification (which is 
higher than the fimit of detection by a factor 2-3) is around 0.7-0.8 nmol HCN/mg 
dry weight. 

Results and Discussion 

Bitter and sweet apricot seeds were used in this study. Using the tempe process as 
applicable to soyabeans, whole sweet seeds gave an acceptable tempe. In contrast, 
whole bitter seeds did not allow growth of R. oligosporus. We found that only grits 
(53% w/w having particle size of 1.0-4.8 ram) of bitter seeds enabled good fungal 
growth, on condition that boiling was prolonged (30 min) and took place in an open 
vessel (data not shown). 

Earlier studies (Nout et al., 1987a, b) on tempe fermentation showed that 
microbiological safety, shelf-life and acceptability of finished tempe was improved 
by lactic fermentation during the soaking of raw material prior to fungal fermenta- 
tion. In order to increase the speed and reliability of this fermentation, a system of 
accelerated natural lactic fermentation was developed, which can be applied to a 
variety of raw materials of plant origin (Nout et al., 1989). 

As expected, particle size influenced mass transfer during soaking and boiling. 
Leaching of dry matter into the soaking water was highest (28% (w/w) after 24 h at 
20°C) with grits (data not shown) and consequently, more fermentable matter was 
available for accelerated lactic fermentation. However, Fig. 1 shows that this does 
not influence the speed of acidification of the soak water. The pH differences in 
various seed particle sizes must therefore be caused by the diffusion rate of acids 
into the seed material. This is clear from Fig. 1 showing that the pH values of soak 
water and dry matter come closest in soaked grits during biological acidification. 

Although leaching losses were highest when using grits, the latter were chosen for 
tempe making because of their relative freedom of inhibitors and their good 
acidification. 

In Table I it is shown that amygdalin was the main cyanogenic constituent in 
most samples. On the one hand, the cyanide content in raw sweet seeds is low, and 
the tempe process causes only a slight decrease. On the other hand, in raw bitter 
seeds soaking and boiling have a significant detoxifying effect. Soaking with lactic 
fermentation results in the lowest content of cyanogenic constituents in tempe from 
bitter seed grits. 
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Fig. 1. Effect of particle size of sweet apricot seeds on pH of seeds and soak water during lactic 
fermentation. [] whole seeds; © halved seeds; A quartered seeds; • grits (particle size distribution: 
25% <1.00 mm; 17.8% of 1.00-2.00 mm; 35% of 2.00-4.80 mm; 22.2% > 4.80 mm) . . . . . .  seeds; 

- -  water. 

According to Poulton (1988) the cyanogenic disaccharide glycoside amygdalin 
present in seeds of many members of the plant families Rosaceae, Malaceae, and 
Amygdalaceae (to which the genus Prunus belongs), is degraded through a sequen- 
tial mechanism. Thus two distinct fl-glycosidases, namely amygdalin hydrolase and 
prunasin hydrolase, have been completely resolved in extracts from e.g. Prunus 

TABLE I 

Total cyanide content (nmol H C N / m g  dry weight) of bitter and sweet apricot seed grits when processed 
into tempe after soaking with or without lactic fermentation 

Bitter seed grits Sweet seed grits 

Non-fermented Lactic Non-fermented Lactic 
fermented fermen ted 

Raw 52 + 2.4 1 52 + 2.4 1 2.44 ± 0.34 2 2.44 + 0.34 2 
Soaked 40.6 ± 2.5 3 15.5 + 0.8 3 1.6 + 0.06 3.3 ± 0.8 2 
Boiled 14.8 :t: 0.6 4 16.9 ~- 0.5 4 
Tempe 15.8_+0.9 4 10.0_+0.3 4 2.0±0.04 4 _ 5 

1 75% amygdalin + 25% prunasin; 
2 80% amygdalin+ 20% prunasin; 
3 predominantly cyanohydrin; 
4 amygdalin; 
5 below detection level (0.2-0.3 nmol H C N / m g  dry weight). 
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serotina Ehrh., while clear evidence for a sequential mechanism involving prunasin 
as an intermediate product has been obtained for other Prunus spp. The a-hydroxy- 
nitriles (in this case mandelonitrile) arising from the catabolism of the cyanogenic 
glycoside, are then further degraded to HCN and an aldehyde or ketone by an 
a-hydroxynitrile lyase. In the case of Prunus spp. all the "mandelonitri le lyases" 
isolated have had the flavin coenzyme (Flavin adenine dinucleotide) FAD bound 
close to the catalytic site (Poulton, 1988). 

These plant enzymes are extracellular and gain access to the glucoside after 
physical disruption of the cell. They will act at about 20-40°C and are readily 
destroyed by heat. Autohydrolysis is enhanced if the plant is soaked in water after 
crushing. Bruising without soaking will lead to slow release of HCN. The boiling 
point of HCN is 26°C; storage in hot humid conditions therefore leads to gradual 
loss of HCN (Montgomery, 1969). The rate of HCN release for a given material and 
pH depends on the physical conditions. Viehoever (1940) found that the HCN yield 
from Phaseolus lunatus was highest after 45 rain if the bean was soaked in water at 
37°C after crushing. Winkler (1951) considered that the yield was greater if the 
crushed bean was soaked for 24 h at room temperature. In the case of linseed cake 
used for cattle feed, Auld (1912) found that half of the available HCN might be 
released after a 15-rain soaking in the cold. Linseed cake contains the cyanogenic 
constituents linustatin and neolinustatin (Smith et al., 1980) and the enzymes 
linamarase and linustatinase (Fan and Conn, 1987). 

With microorganisms involved, additional degradative enzymes including e.g. 
biglycosidase, catalysing the step from amygdalin to mandelonitrile directly, may 
contribute to the breakdown of the amygdalin. This is why we analysed for the 
presence of all three potential cyanogenic compounds in addition to H C N / C N  . 
The presence of residual cyanogenic constituents might be caused by pools not 
reached by the enzymes during the two fermentation steps of the tempe process, or 
by chemical stabilisation of e.g. H C N / C N -  through reaction with, for example, 
ketones/aldehydes to form new cyanohydrins (Zitnak, 1973). 

The minimum lethal dose for humans of HCN taken orally has been estimated at 
between 0.5 mg and 3.5 mg/kg  body weight (Montgomery, 1969). Our study showed 
that 0.184 mg HCN could be released from 1 g (fresh weight) of tempe as produced 
from bitter seeds and further reduction of cyanide levels will still be desirable, since 
chronic HCN intoxications may result from intake of sub-acute doses over a 
prolonged period (Rosling, 1986). This might be achieved by fermentative soaking 
at higher temperatures (e.g. 30-35°C) a n d / o r  prolonged fungal fermentation (i.e. 72 
h instead of 48 h). 

In soyabean tempe of poor quality, Staphylococcus aureus and Bacillus cereus 
may occur in numbers which may cause food intoxication (Samson et al., 1987). It 
was shown, however, that in tempe made from previously acidified soyabeans, 
staphylococcal growth and enterotoxin formation was strongly reduced (Nout et al., 
1988). Also, the growth of Bacillus cereus in tempe was inhibited when well-acidified 
(pH < 4.4) soyabeans were used (Nout et al., 1987a). 

Table II summarises the microbiological analyses of raw and soaked apricot 
seeds, and tempe. The results show that sweet seeds acidify better during the 
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"FABLE II 

pH and microbiological composition of bitter and sweet apricot seed grits during tempe production (log 
cfu /g)  

pH Lactic Entero- Bacillus 

acid bacteriaceae cereus 

bacteria 

Bitter seed grits 
Raw 6.0 

Soaked 
non-fermented 6.2 2.30 2.00 2.95 

Soaked 
fermented 5.7 7.11 < 1.70 5.08 

Tempe from 
non-fermented soaked grits 6.2 8.23 6.30 8.28 

Tempe from 
fermented soaked grits 6.2 6.60 < 1.70 6.68 

Sweet seed grits 
Raw 5.8 

Soaked 
non-fermented 5.9 2.30 1.48 3.28 

Soaked 
fermented 4.4 8.32 < 1.70 8.34 

Tempe from 
non-fermented soaked grits 6.1 6.90 5.72 6.68 

Tempe from 
fermented soaked grits 6.1 6.76 5.28 7.52 

soaking operation. It is probable that the mould inhibitors in bitter seeds also affect 
lactic acid bacteria. A boiling step prior to soaking fermentation might help to 
reduce the inhibitive effect in bitter seeds. Bacillus cereus, naturally occurring in the 
raw material, were able to grow very well even in the fermented soaked sweet seed 
grits with pH 4.4. This indicates that further optimisation of the soak fermentation 
is required. 

In all samples of fermented apricot seeds, Staphylococcus aureus was below 
detection level (log c f u / g  < 2.70). 

Based on dry weight, raw bitter grits, tempe from non-fermented soaked bitter 
grits, tempe from fermented soaked bitter grits, raw sweet grits, tempe from 
non-fermented soaked sweet grits, and tempe from fermented soaked sweet grits 
contained 21.6, 20.2, 21.2, 23.9, 20.7 and 22.3% crude protein; 42.5, 50.1, 51.5, 34.1, 
48.4 and 56.9% crude fat; 2.5, 1.8, 1.3, 2.7, 1.6 and 1.1% crude fibre and 33.4, 27.9, 
26.0, 39.3, 29.3 and 19.7% carbohydrate, respectively. These results are similar to 
those of Abd EI-Aal et al. (1986) and Kapoor et al. (1987), with slight differences 
which are probably due to interspecies variation. The increased crude fat content in 
tempe is not caused by fat synthesis, but by a shift in dry matter composition due to 
decreased carbohydrate content. Leaching and fermentation during soaking and 
fungal growth are probably responsible for this reduction. 
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Although apricot seed tempe contains less crude protein than soyabean tempe 
(Vaidehi et al., 1985) apricot seeds are an attractive raw material because they are 
cheaper than soyabeans. In addition, apricot seed tempe had a more attractive taste 
than soyabean tempe according to Turkish and Dutch taste evaluations (unpub- 
lished results). 

According to Kapoor et al. (1987), the protein content of apricot seeds ranged 
from about 20-45% depending on the variety. Thus, product value could be 
increased by selecting high-protein apricot seed varieties for tempe processing. 
Another potential use of apricot seeds is the manufacture of detoxified flour or 
protein isolate (Abd El-AM et al., 1986). 
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