
www.elsevier.com/locate/foodchem

Food Chemistry 93 (2005) 331–336

Food
Chemistry
Inositol phosphate content and trypsin inhibitor
activity in ready-to-eat cruciferous sprouts

Juana Frias a, Henryk Zieliński b, Mariusz K. Piskuła b,
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Abstract

Four cruciferous seeds (small radish, radish, white mustard and rapeseed) were germinated in order to study the fate of inositol

hexaphosphate (IP-6, phytic acid) and activity of trypsin inhibitor (TIA). Reduction in the content of phytic acid depended on the

time of germination. After four days of germination, when sprouts were ready-to-eat, the amount of this compound was about 50%

lower in three out of the four seeds evaluated. Next, a sharp reduction in phytic acid occurred during thermal treatments (pasteur-

ization and sterilization) of germinated rapeseed and radish sprouts. In thermal processes, a decrease in inositol hexaphosphate con-

tent was accompanied by the appearance of lower forms of inositol phosphates: IP-5, IP-4 and IP-3.

The analysis of TIA, in rapeseed and radish seeds, in four-day sprouts and in these sprouts after thermal treatment, showed that

only thermal processes caused complete disappearance this activity.

� 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

It is well known that the consumption of a plant-based

diet, mainly vegetables, fruits and whole grains, is recom-

mended as one, of the ways to lower the risk of human

diseases (Cadenas & Packer, 2002), and this approaches

consumer demand for healthy and functional foods
(Roberfroid, 2000). One valuable but still under-appreci-

ated dietary supplement is sprouts which may be consid-

ered to be a functional food and to meet consumer

demands as well. To date studies into the chemical com-

position of sprouts obtained from different seeds and

cereals have indicated their high nutritive value and

shown that they contain biologically-active, positive
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components which can improve health and well being

(King & Perwastien, 1987; Price, 1988). It has been

proved that sprouts have a higher nutritive value than

seeds and that the process of their production is inexpen-

sive and simple (Finley, 1978; Frı´ as, Dı́az-Pollán, Hedley,

& Vidal-Valverde, 1996; Vidal-Valverde et al., 2002).

Hence, Kuo & Van Middlesworth (1988) suggested pop-
ularisation of their consumption. Ever since, sprouts

have become a component of everyday day in Japan

(Kuo & Van Middlesworth, 1988). Additionally, taste

and texture of sprouted seeds can be further modified

compared with the ungerminated seeds (Finley, 1978).

Protein-rich seeds (of oil plants and legumes) contain

substances that, until recently, have been acknowledged

as anti-nutrients, including phytic acid (inositol hexa-
phosphate) and trypsin inhibitors (Frı́as, Dı́az-Pollán,

Hedley, & Vidal-Valverde, 1995; Honke, Kozłowska, Vi-

dal-Valverde, Frias, & Górecki, 1998). As reported in
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ample studies, apart from some negative functions, e.g.

affecting the bioavailability of minerals in the case of phy-

tic acid (Lönnerdal, Sandberg, Sandström, & Kunz,

1989) and lowering the protein digestibility in the case

of trypsin inhibitors (Liener &Kakade, 1978), these com-

pounds have also been claimed to have some potential
health benefits. Phytic acid – due to its chelating proper-

ties – binds some macro- and microelements responsible

for generation of free radicals (Graf & Eaton, 1990), and

also lowers blood glucose, reduces cholesterol and tria-

cylglycerols, and reduces the risk of cancer and heart dis-

eases (Graf & Eaton, 1993; Shamsuddin, 1995).

Moreover, epidemiological studies have identified le-

gumes as possible protective agents in the decreased
occurrence of breast, colon and prostatic cancers in veg-

etarian populations. The association of legume seeds rich

in proteinase inhibitors, including trypsin inhibitors, with

prevention of human cancers, stimulated work on the

possible action of proteinase inhibitors as cancer chemo-

preventive agents (Birk, 1994).

So far, the chemical composition of sprouts from grain

legume seeds has been best recognised (Bannerjee, Rohat-
gi,&Lahin, 1954;Raman, 1984;Reddy, Pierson, Sathe,&

Salunkhe, 1989; Prodanov, Sierra, & Vidal-Valverde,

1997).While searching for new sources of functional food

especial attention has been paid to sprouts from rapeseed

(Cruciferae family) that have been increasingly used in

human diets. The sprouts may thus become a potential

source of nutritious food or become a food ingredient,

It has been reported that rapeseed sprouts contain gluco-
sinolates (Kozłowska, Troszyńska, Zieliński, Buciński, &

Lamparski, 2002), ascorbic acid (Zieliński, Buciński, &

Kozłowska, 2002), tocopherols (Zieliński & Kozłowska,

2003), reduced glutathione (Zieliński, Mudway, Ko-

złowska, & Kelly, 2002), and have higher total antioxi-

dant status (Zieliński, Piskuła, Buciński, & Kozłowska,

2003a) than raw seeds. Moreover, radish sprouts have

been shown to have the highest hydroxyl radical scaveng-
ing potency among 11 kinds of commonly available vege-

tables (Takaya, Kondo, Furukawa, & Niwa, 2003).

Data compiled so far on bioactive compounds in

sprouts obtained from Cruciferae seeds, do not show

the behaviour of inositol hexaphosphate and trypsin

inhibitors during germination of seeds under industrial

production conditions and on the effect of thermal treat-

ments on these compounds. Therefore, the aim of this
study was to bridge this gap.
2. Material and methods

2.1. Samples

Cruciferous seeds were obtained from a local plant
breeding station in the North-East of Poland. The sam-

ples included: rapeseed (Brassica napus var. oleifera),
radish seeds (Raphanus sativus L.), small radish seeds

(R. sativus var. sativus), and white mustard seeds (Sina-

pis alba L.).
2.2. Seed germination

Cruciferous seeds (25 g) were soaked in distilled water

(125 ml) at room temperature and shaken every 30 min.

After 4 h, the water was drained off and the seeds were

transferred to an incubator (Cliambic Cabinet, Eco-

nomic Deluxe ECOO-065 model, Snijders Scientific,

Netherlands). The seeds were germinated in darkness

and/or light at 25 �C for 7 days. The seeds were layered

over a moist filter paper (qualitative medium-speed filter
paper) to one-third of the depth of the paper. Seeds from

each species were removed from the incubator every 24

h, frozen in liquid nitrogen and lyophilized for further

analysis. The germination was carried out in triplicate.
2.3. Thermal treatment

Fresh 4-day-germinated (in dark conditions) rape-
seeds (B. napus var. oleifera) and radish seeds (R. sativus

L.) were canned as follows: 100 g of sprouts were put

into 150 ml jars and covered with water containing 2 g

of citric acid, 24 g of sugar and 6 g of salt per litre. Jars

were submitted to preserving procedures, such as pas-

teurization (95 �C for 30 min) and sterilization in a ver-

tical steam autoclave (ASV, SMS, Poland) at 1 and 1.5

atm, for 30 min. After treatments, the contents were fro-
zen in liquid nitrogen and lyophilized for further analy-

sis. The canning process was carried out in triplicate.
2.4. Determination of inositol phosphates (IP-6 to IP-3)

Inositol phosphates were analysed by HPLC accord-

ing to the methods of Sandberg and Ahderinne (1986)

and Sandberg et al. (1989) using a Shimadzu chromato-
graph (LC-10 AD pump, refractometric detector RID-

6A, CTO 6A column oven) and a Nova-Pak C18 column

(Waters). The mobile phase was a mixture of methanol

and 0.05 M formic acid (51/49, v/v) and 1.5 ml/100 ml

TBA-OH. The flow rate was 0.4 ml/min and injections

were made with a 20-ll loop. Sodium phytate (Merck)

was used as an external standard.
2.5. Trypsin inhibitor activity

The activity of trypsin was determined in rape and

radish seeds, in ready-to-eat 4-day sprouts and these

sprouts after thermal treatment. Their trypsin inhibitor

activity (TIA) was determined according to the method

of Kakade, Rackis, McGhee, and Puski (1974), as mod-

ified by Valdebouze, Bergeron, Gaborit, and Delort-
Laval (1980). Trypsin inhibitor activity was expressed
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as trypsin inhibitor units per milligramme of the sample

in the dry matter (TlU/mg d.m.).
2.6. Statistical analysis

Data were subjected to multifactor analysis of vari-
ance (ANOVA) using the least-squared difference test

with the Statgraphic 5.0 Programme (Statistical Gra-

phic, Rockville, MD, USA) and multiple correlation

using Statistica 5.1 Programme (Statsoft, Tulsa, Okla,

USA) for Windows using a PC-Pentium.
Fig. 1. Comparision of changes in inositol hexaphosphate (IP-6)

content during germination of radish, small radish, rapeseed and white

mustard seeds under light and dark conditions. Results are expressed

as percent of change in content, with assumption that content at day 0

(before germination) was 100%. Each point represents mean (n = 3) of

converted content of IP-6 at a specific time within germination

protocol.
3. Results and discussion

The influence of the time of germination on the kinet-

ics of inositol hexaphosphate (IP-6-phytic acid) content

was determined under light and dark conditions for four

cruciferous seeds: radish seeds – R. sativus L., small rad-

ish seeds – R. sativus var. sativus, rapeseed – B. napus

var. oleifera and white mustard seeds – S. alba L.

Fig. 1 shows the kinetics of IP-6 in seeds germinated
for seven days under both conditions and analysed every

24 h. Raw seeds contained from 38.3 to 47.9 lmol/g d.m.

of IP-6, and this amount decreased by around 50% after

4 days of germination, with the exception of the small

radish seeds where a 77% drop in IP-6 content was ob-

served (only under dark conditions). Further progressive

fall in phytic acid was observed when germination time

increased up to seven days. Consequently, after seven
days of the experiment, the content of IP-6 reached as

little as ca. 10%, with the exception of white mustard

seeds, where it was higher by ca. 5%. The lowest IP-6

degradation appeared in white mustard seeds, perhaps

because these raw seeds showed the highest content of

this compound. However, the degradation patterns were

similar for all the studied Cruciferae species and a close

correlation between germination time and the content of
IP-6 was found (r = �0.99) for all studied sprouts. A

successive decrease in IP-6 content upon seed germina-

tion results from the absorption of micro- and macroele-

ments by a plant from the element reservoir in seeds,

namely IP-6 (Bewley & Black, 1982). Only limited data

have been found on the effect of germination on the

IP-6 content in Cruciferous seeds (Zieliński, Piskuła, Bu-

ciński, & Kozłowska, 2003b). In other seeds, such as le-
gumes, germination has been found to bring about a

large reduction in IP-6 and an increment in the content

of lower inositol phosphates (Honke et al., 1998), which

has not been observed during germination of the seeds

examined. Reddy et al. (1989) have reported that the de-

crease in IP-6 occurring during germination is due to the

increase in the activity of phytase.

From a practical point of view, a lack of significant
differences reported in IP-6 behaviour during germina-

tion, under either dark or light conditions, seems very
interesting. The only exception was small radish seeds

(after 4 days of germination) in which a lower IP-6 con-
tent was observed when germination was carried out in

darkness. Recently, Troszyńska, Lamparski, and Ko-

złowska (2002) have shown that germination of Crucif-

erous seeds for 4 days under dark conditions gives

optimal sensory characteristics when compared with

the same sprouts germinated with light. On the basis
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of these results, a further study of the influence of pas-

teurization and sterilization processes on inositol phos-

phates and TIA was conducted on the two species

selected: rapeseed and radish sprouts obtained after 4

days of germination in the dark.

Fig. 2 shows a decrease in IP-6 content after both
investigated thermal treatments. The pasteurization pro-

cess yielded a greater IP-6 decrease in rapeseed than in

radish seeds, but sterilization was more acute in radish

seeds after sterilization at 1.5 atm (Fig. 2(a)). Addition-

ally, lower inositol phosphates were detected (Fig. 2(b)):

IP-5 in pasteurised rapeseed sprouts, and IP-5 and also

IP-4 in the same sprouts sterilised under both conditions

(1 and 1.5 atm). In the case of radish sprouts, both pas-
teurised and sterilised, IP-3 was also identified besides

the above-mentioned compounds (Fig. 2(b)).

The degradation of IP-6 to a level of ca. 50% after 4

days of germination and subsequent decrease below

10%, as a result of the thermal treatments applied, was
Fig. 2. Effect of heat treatment on the inositol-phos
found to increase the bioavailability of trace elements,

as well as the digestibility of proteins and starch (Honke

et al., 1998). On the other hand, a low concentration of

IP-6 in germinated and thermally treated sprouts relates

to the loss of a compound with highly valuable chelating

properties (Graf & Eaton, 1990). However, the appear-
ance of lower forms of inositol phosphates in sprouts

after thermal treatment could have beneficial effects

since they have been assigned a significant biological

role in intracellular signal transduction systems as the

second messenger (Streb, Irvine, Berridge, & Schultz,

1983).

Table 1 shows the effect of germination and heat

treatments on the trypsin inhibitor activity of rapeseeds
and radish sprouts. Raw seeds show a very low actvity

of TIA (1.17 and 0.98 TlU/mg d.m., respectively). Ger-

mination conducted for 4 days caused a slight decrease

in TIA: 18% in rapeseed and 4% in radish sprouts. Ther-

mal treatments used for preservation completely elimi-
phate content of germinated cruciferous seeds.



Table 1

Effect of germination and heat treatment on the trypsin inhibitor

activity of cruciferous seeds

Cruciferous seeds Trypsin inhibitor units

(TIU/mg d.m.)

Raw rapeseeds 1.17 ± 0.08b

Rapeseed sprouts 0.95 ± 0.04b

Pasteurized (95 �C/30 min) rapeseed sprouts NDa

Sterilized (1 atm/30 min) rapeseed sprouts NDa

Sterilized (1.5 atm/30 min) rapeseed sprouts NDa

Raw radish seeds 0.94 ± 0.02b

Radish sprouts 0.93 ± 0.02b

Pasteurized (95 �C/30 min) radish sprouts NDa

Sterilized (1 atm/30 min) radish sprouts NDa

Sterilized (1.5 atm/30 min) radish sprouts NDa

Mean value ± standard deviation of three determinations. The same

superscript in the same column for each cruciferous seed means no

significant difference (P 6 0.05); ND, not detected.
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nated TIA. No information has been found on the effect

of germination on TIA in Cruciferae seeds. In legumes,

TIA was modified to a different extent, depending on the

type of seed and the germination conditions (Frias, Vi-

dal-Valverde, Sotomayor, Dı́az-Pollan, & Urbano,

2000; Frias, Dı́az-Pollán et al., 1995; Vidal-Valverde et

al., 2002). Trypsin inhibitors are heat-labile compounds

and this fact justifies their removal after pasteurization
and sterilization.
4. Conclusions

Germination reduced the content of IP-6 in the 4

examined seeds. After 4 days of germination, when

sprouts were ready-to-eat, reduction in IP-6 reached
ca. 50% and next ca. 40% reduction occurred after ther-

mal treatment. Pasteurization and sterilization, besides a

sharp reduction in IP-6, caused the creation of lower

forms of inositol phosphates. The activity of trypsin

inhibitors during 4 days of germination changed slightly

and disappeared completely after thermal treatment.
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