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Abstract Capia pepper seeds are the mass waste of pepper

utilization, and they have not commonly utilized as raw

materials. In this study, the defatted press cakes (or meals)

of cold oil pressed capia pepper seeds were evaluated. The

pepper seeds were previously roasted and treated with

enzymes (hemicellulase and protease) against control,

before pressing. The compositional and functional prop-

erties of the defatted meals were determined. Moisture,

protein, remaining oil, ash, L, a*, b* values and viscosity of

the meals were measured by basic physicochemical anal-

yses. Phytic acid, tannins and mineral contents were also

determined. As functional properties, water-holding

capacity, oil-holding capacity, emulsion activity, emulsion

stability, foaming capacity, foam stability and the least

gelation concentration were measured. The meals were

shown to contain nutritionally important amounts of pro-

tein and minerals. For most functional properties, seed

roasting caused some enhancements in the meals. Hence,

defatted capia pepper seed meals can be utilized in food

formulations due to their good nutritional and functional

properties. This study points out the possibility and

advantages of pepper seed meal valorization.

Graphical Abstract

(1) Capia pepper seed press cakes (meals) were used in this

study. (2) Functional and physicochemical properties of the

meals were measured. (3) The meals included good levels

of proteins and some minerals. (4) The meals had func-

tionalities for water and oil holding, emulsification and

foaming. (5) The meals could be used in food formulations

for enhanced functionalities.
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Çanakkale Onsekiz Mart University, Terzioğlu Campus,
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Introduction

Valorization of agro-food processing by-products and

wastes has been gaining more attention recently as research

area due to the increasing food demand of fast-growing

world population, deficiencies in the feed supply and global

bioenergy demands. It was estimated that up to 39 % of

food waste occurs during food manufacturing, and 5 %

occurs within food distribution systems. Hence, valoriza-

tion of food processing wastes is actually a necessity for

sustainable agriculture and economy [1, 2].

In Turkey, the world second largest (2.300.000 tons in

2013) pepper (Capsicum annuum L.) producer, at least half

of the annual harvested peppers, are processed to sauces,

canned peppers, smoked peppers, etc. [3]. During process-

ing, the pepper seeds are removed and produced as clean

and semidry solid waste. Pepper seeds are flat, disklike

materials with 2.5–6.5 mm length, 0.5–5.0 mm width and

0.1–1.0 mm thickness. Usually, seeds comprise about 20 %

of dry fruit weight. Thousand seeds weight varies from 5.0

to 8.0 g depending on the variety [4]. The only current

valorization of pepper seeds in Turkey is cattle feeding, and

in fact due to transportation problems, most seeds are dis-

carded as waste. Hence, more efficient utilization of this

waste is important from economic and environmental point

of view [5]. Compositions of various red pepper seeds were

reported as 3.0–4.8 % ash, 13.0–19.0 % protein, 18–30 %

crude lipid, 40–65 % total dietary fiber, 0.09–5.32 mg

capsaicin, 0.01–2.17 mg dihydrocapsaicin, 1.6–5.0 %

organic acids, 2.88 g/100 g phytic acid, 2.89 g/100 g tan-

nins and 2.20 mg/g trypsin inhibitors [5–7].

There are very limited numbers of studies about val-

orization of pepper seeds. In a previous study [8], response

surface methodology was used to determine the optimum

protein extraction conditions from red pepper seeds, and

12.24 g protein from 100 g defatted red pepper seed flour

was obtained at 31 �C temperature, 8.8 pH, 20 min

extraction time and 21:1 (v/w) solvent/meal ratio extraction

conditions. In another study [9], capia pepper seeds were

used to produce oil by cold pressing technique. The effects

of pre-roasting and enzyme treatments of seeds on oil yield

and oil quality parameters were determined. The press

cakes (meals) obtained during that study were used as the

material subjects of this study. Since the seeds were very

clean and pure, and cold pressing conditions were not

harsh, the meals (or press cakes) could be utilized as

human food source.

Oilseed meals and proteins extracted from meals have

been considered as good materials for human food sources

[10–14]. In most of these studies, the main physicochem-

ical properties for both meals and protein extracts were

determined, but only limited number of studies reported the

functional properties of the oilseed meals. In only one

study [15], some functional properties of red pepper seed

flour and protein were reported.

Hence, the objectives of this study were to characterize

the physicochemical and functional properties of cold-

pressed capia pepper seed meals to evaluate their possible

food applications. This study is the first one for pepper

seeds meals, while similar studies exist for various oilseed

and kernel meals. Hence, the results of this study may aid

valorization of pepper seed meals for human food usages.

Materials and Methods

Materials

In this study, the defatted meals obtained from cold-pressed

capia pepper seed (Capsicum annuum L.) samples were

used. The meals were obtained in the previous study [9] of

capia pepper seeds cold pressing to produce oil, and the

meals were immediately used for this study. All chemicals

and standards used for the analyses were of analytical

grade and purchased from Merck (Darmstadt, Germany)

and Sigma-Aldrich (St. Louis, USA).

Defatting of the Press Cakes

The meals of the cold-pressed capia pepper seeds were

used as the starting material for this study. Briefly, the

seeds were roasted at 150 �C in a conventional oven

(Ecocell Drying Oven, Germany) for 25 min for roasting

treatment, and incubated with 100 U/g meal hemicellulase

and 0.25 U/g meal protease which were dissolved in

phosphate-citrate buffer (pH 6.0) at 60 �C for 3 h. Cold

pressing of the seeds was carried out with a laboratory-

scale cold press machine (Koçmaksan ESM 3710, İzmir,

Turkey), and the collected press cakes or meals were used

for this study [9]. The control sample was obtained by

applying no pretreatment to the seeds prior to cold press-

ing. The remaining oil from the pepper seed meals was

removed according to Manamperi et al. [16] with some

modifications. The meal was mixed with hexane (1:4, w/v)

and stirred at 150 rpm for 1 h at room temperature (25 �C),
before decantating the solvent. The same procedure was

repeated three times. Then, hexane in the wet meal was

removed in forced-air oven at 60 �C for 1 h. Finally, the

oil-free meals were stored under fume hood for 24 h to

remove traces of the solvent by providing natural air flow.

Defatted pepper seed meals (DPMs) were then ground to

pass through 75 mesh screen and filled in brown-colored

glasses and capped. The samples were labeled and kept at

-20 �C until and during analysis.
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Physicochemical Analyses

Proximate Composition

Ohaus MB45 moisture analyzer was used for moisture

content determination (1 g sample, 110 �C, 30 min). Crude

protein was determined by the Kjeldahl technique (method

Aa 5–38) [17]. Oil contents of the DPM samples were

determined by Soxhlet technique of AOAC 920.39 [18].

Total ash of the DPM samples was measured according to

the Ba 5a–49 method [17].

Color Measurement

The color parameters (L, a* and b*) of the DPM samples

were measured with a Minolta CR-400 Reflectance col-

orimeter (Osaka, Japan) calibrated with white tile, and

analysis was performed on several different points of

samples placed in a glass petri.

Viscosity Measurement

The technique of Khalid et al. [19] was followed for the

apparent viscosity measurement of DPM dispersions. DPM

dispersions (20 %, w/v) were prepared, and pH was adjusted

to 7.0 by 1 N HCI or NaOH. Then, the viscosity of the

dispersions was measured at 25 �C set by a water bath cir-

culating around the sample holder with 30 rpm speed of the

spindle. Brookfield DV II. Pro viscosimeter with Rheocalc

software (Brookfield Eng. Lab., Inc., MA, USA) equipped

with no. 18 spindle was used for the measurements, and

apparent viscosities were recorded as centipoise (cP) values.

Phytic Acid Contents

The AOAC method 986.11 [20] was followed for phytic

acid measurements. Two grams of DPM was extracted with

40 ml of HCI (2.4 %, v/v) and shaken at 150 rpm for 3 h at

25 �C, before filtrating the slurry through Whatman no. 1

filter paper. The extract was diluted with 25 ml Na2EDTA–

NaOH solution (1:1, v/v). An ion-exchange column was

prepared with Dowex� AG 1 9 4 chloride resin

(100–200 lm) and washed with 15 ml of 0.7 M NaCl

solution and 15 ml of water. Then, the diluted extract was

transferred to the column. The first two elutions were done

with 15 ml water and 15 ml 0.1 M NaCl, and the eluates

were discarded. The final elution with 15 ml 0.7 M NaCl

was collected. Finally, 0.5 ml H2SO4 ? 3 ml HNO3 was

added to the final eluate containing phytate and wet ashing

was applied according to Kjeldahl method. The phytate

salts were dissolved in 100 �C water bath after adding

10 ml distilled water. Then, 2 ml molybdate and 1 ml

sulfonic acid solutions were added and completed to 25 ml

with distilled water to complete the reaction in 15 min.

After the reaction, spectrophotometric analyses were per-

formed at 640 nm (Agilent 8453 UV–visible spectropho-

tometer, Waldbronn, Germany). Standard curve was

prepared with potassium acid phosphate, and phytate

content (mg P/g) was calculated.

Tannin Contents

Condensed tannins present in the DPM samples were

measured by the modified methods of Price et al. [21] and

Hagerman [22]. DPM sample (0.5 g) and 10 ml methanol

were stirred at 150 rpm for 30 min at room temperature

(25 �C) and centrifuged at 22919g for 10 min. The

extracts were collected and placed into tubes, before

addition of 5 ml 1 % vanillin solution (dissolved in 8 %

HCI). The tubes were incubated in 30 �C water bath at dark

place for 20 min. Finally, the absorbance was measured at

500 nm by spectrophotometer (Agilent 8453 UV–visible

spectrophotometer, Waldbronn, Germany). A standard

curve was prepared with catechin. Tannin content was

calculated as catechin equivalents per gram sample.

Mineral Contents

Wet ashing was applied to prepare the DPM samples for

mineral analysis. Half gram DPM sample was heated gradu-

ally with 100 ml HNO3 (65 %) on hot plate (90 �C—30 min,

100 �C—30 min, 150 �C—30 min, 200 �C—30 min, 300 �C
until a clear solution was obtained) under fume hood. Then,

the clear solution was diluted to 25 ml with distilled–deion-

ized (DI) water. Finally, the mineral contents were determined

by ICP-AES (Varian Liberty II AX Sequential, Australia)

with appropriate dilutions of AccuTrace reference standards

(New Haven, USA) for curve calibration.

Functional Properties

Water-Holding Capacity

Water-holding capacity (WHC) of the samples was deter-

mined according to Moure et al. [23] and Manamperi et al.

[16]; 5.0 g sample and 20 ml DI water (pH 7.0) were

mixed for 30 min and centrifuged at 22919g for 15 min.

After draining the supernatant, the tubes were inverted and

weighed after 30 min. The initial weight and the final

weight difference of the samples were calculated, and the

WHC was expressed as g water/g sample.

Oil-Holding Capacity

Oil-holding capacity (OHC) of the samples was measured

by the technique of Manamperi et al. [16]. 2.0 g sample
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and 10 ml sunflower oil were vortexed for 1 min and

centrifuged at 22919g for 15 min. After draining the oil

phase, the tubes were inverted, left for 60 min, and

weighed. The difference between the initial weight and the

final weight of the sample was determined as the OHC and

was expressed as g oil/g sample.

Emulsifying Activity and Emulsion Stability

The method of Wu [24] was used for these measurements.

DPM, water and sunflower oil were (7:100:100, w:v:v)

weighed and homogenized at 10.000 rpm for 1 min. Then,

the tubeswere centrifuged at 22919g for 5 min. Emulsifying

activity (EA) was calculated by the following formula;

EA ¼ 100� height of emulsion layerð Þ=
total height of mixture in tubeð Þ

The emulsion stability (ES) was determined through

keeping the emulsion which was prepared as above at

80 �C water bath for 30 min, and then rapidly cooled with

running tap water and ice. Finally, the tubes were cen-

trifuged at 22919g for 5 min and emulsion stability (ES)

was determined by the following formula;

ES ¼ 100� height of remaining emulsified layerð Þ=
total height of mixture in tubeð Þ

Foaming Capacity and Foam Stability

Foaming capacity (FC) and foam stability (FS) were mea-

sured according to Cano-Medina et al. [25] and Kanu et al.

[26] methods; 3.0 g DPM sample was mixed with 100 ml DI

water, and pH was adjusted to 7.0 with 1 N HCI or 1 N

NaOH. After shaking with Waring blender at highest speed

for 3 min at room temperature (25 �C), the mixture was

poured into a 250-ml volumetric cylinder. The foaming

liquid volume capacity (FC) was reported by the formula;

FC %ð Þ ¼
volume after agitation�volume prior to agitationð Þ=
volume prior to agitationð Þ � 100

The tubes were left at room temperature (25 �C) for

30 min, and then the remaining foam was recorded again to

calculate the foam stability (FS) by the formula;

FS %ð Þ ¼ residual foam volumeð Þ= total foam volumeð Þ
� 100

Least Gelation Concentration

The method of Moure et al. [23] was modified for the least

gelation concentration (LGC) measurement; 40 % (w/v)

dispersions of DPM samples in DI water were prepared,

and pH was adjusted to 7.0 with 1 N HCI or 1 N NaOH.

From this stock solution, dilution series of 38, 34, 32, 28,

24, 20, 18, 16, 14, 12 and 10 % (w/v) were prepared. The

pH values of the solutions were adjusted again to pH 7.0

and vortexed for 2 min. The liquid portions of the disper-

sion (5 ml) were taken into tubes, and the tubes were kept

in water bath at 100 �C for 1 h. Finally, the tubes were

cooled under running tap water and visually examined for

solid gel structure that remained fixed in the tube wall.

Solid gel, liquid gel and clot structures were defined

according to Moure et al. [23].

Statistical Analysis

The capia meals obtained from the previous study as the two

replicates were the two sample replicates in this study. For

each replicate sample, all analyses were accomplished at

least twice in this study. The data were reported as

mean ± standard deviation. Data analysis was performed by

two-way analysis of variance (ANOVA) and Tukey’s mul-

tiple comparison tests. Statistical analyses were performed

with Minitab v. 16.1 [27] and SPSS software [28] programs.

The level of confidence was at least 95 % for all tests.

Results and Discussion

Physicochemical Properties

The physicochemical properties of the defatted capia

pepper seed meals are presented in Table 1. There are

some statistically significant differences among the sam-

ples for the measured properties. The highest moisture

content was in the enzyme (hemicellulase and protease)-

treated sample meal. It might be caused by the high

remaining water after enzyme slurry incubation of the

seeds. Moisture content of meals could be very important

for storage stability. For long-term storage, drying should

be done. The moisture level of both oilseeds and their

meals must be lower than their critical moisture level, and

for most seeds it is below 10–12 % by weight [29]. There is

only one similar study in the literature completed with red

pepper seed. Red pepper seed flour was reported to contain

10.78 % moisture [15]. In a recent study [30], cold press

by-products from almonds, walnuts, pomegranate seeds

and grape seeds were shown to contain 6.29 to 9.45 %

moisture. Usually, the reported results in the literature

concur with our findings.

Around 20 % protein was measured in the capia pepper

seed meals (Table 1). Previous studies about pepper seed

proximate compositions have indicated that these seeds

may contain around 20–30 % protein depending on the
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seed type [4–7]. Similarly, red pepper seed flours were

found to contain 26.02 % protein [15]. Hence, our findings

agree with the literature. Total protein content of oilseed

meals would be very important quality parameter when

evaluating its nutritional and feed value [23, 31]. Defatted

hybrid hazelnut meals were shown to contain between 41.3

and 54.4 % crude protein [12]. Similarly, defatted meals of

pumpkin seeds had around 64.13 % crude protein [13].

Clearly, the protein level of the meals greatly depends on

the initial seed composition and oil yield during pressing

may affect the proportion of the components after pressing.

The oil contents remaining in the defatted meals were

statistically different among the samples, and the control

sample had the lowest oil content. Even though the same

defatting process was applied, this difference was detected.

Clearly, the amount of oil remaining in the meals depends

on the total oil content of the raw material and efficiency of

the defatting procedure. On larger scales of production, oil

contents of meals could be reduced below 1 % by indus-

trial solvent extraction procedures. Not as harsh, the

defatting procedure applied in this study yielded the results

shown in Table 1. Oil remaining in the meals could be

important for two factors: energy value (nutritional quality)

and oxidative stability. In a previous study [9], the fatty

acid composition of capia pepper seed oil was determined.

The oil consisted mainly of 70 % linoleic, 11 % oleic and

11 % palmitic acids. Furthermore, some important levels

of c-tocopherol and sterols were present in the capia pepper
seed oil. Hence, the oil is nutritionally very valuable and

could contribute to the nutritional value of the meal for

either food or feed usage. Similarly, defatted pumpkin seed

meals had around 7 % oil [13], while defatted hazelnut

meals had 1.93–4.34 % crude oil remaining [12]. It would

be possible to extract more oil during pressing, but usually

in this case, as heat increases, cold press conditions are

violated. Hence, it would be acceptable if some oil remains

in the meals, even after the defatting process.

Total ash in the meals ranged from 4.22 to 6.28 %, and

the control sample had the highest content. Total ash of red

pepper seed flour was 4.10 % [15], and similar amounts

were reported for various pepper seeds [4, 6, 7]. Clearly,

total ash of the seeds was not affected by the cold pressing

and meal defatting processes.

The instrumental color values of the meals are presented

in Table 1. There are some significant differences among

the samples. Color of meals can be very important in

determining the food application type. Darker colors may

cause some compatibility problems for food applications.

Hence, during cold pressing, excessive heat must be

avoided to prevent darkening of the meals. Although the

pepper seeds were naturally beige in color, the meal after

cold pressing was red-brown. Since the wholesomeness of

the seed tissue was disrupted, some enzymatic and chem-

ical reactions might have occurred unavoidably. Roasted

seed meals had the highest luminosity (L value) among the

others. In the CIE color system, the color terms are L value

(0 = black to 100 = white), a* value (?a* = red,

-a* = green) and b* value (?b* = yellow, -b* = blue)

[32]. Furthermore, the total color difference (DE) between
the control and roasted sample was 3.76, and between the

control- and enzyme-treated sample was 2.19. These values

indicate that there are some differences between the sam-

ples in terms of color. According to the findings (Table 1),

capia pepper seed meals are reddish browny-colored sam-

ples. This color would be compatible for most bakery and

processed meat products. Defatted pumpkin seed meals had

similar color values [13]. Colors of the meals usually

depend on the color of the original seed material and

processing parameters.

The apparent viscosity values of the meal dispersions

(20 % in water) have revealed that roasting and enzyme

treatment of the seeds caused some increases (Table 1).

Heating the seeds might have caused some protein denat-

uration and/or some starch gelatinization to enhance the

Table 1 Physicochemical

properties of the defatted capia

pepper seed meals

Property Defatted capia pepper seed meals

Control Roasted Enzyme treated

Moisture (%) 8.89 ± 0.11B 9.13 ± 0.07B 10.20 ± 0.00A

Protein (%) 19.29 ± 0.25A 19.60 ± 0.14A 20.20 ± 0.38A

Oil (%) 2.86 ± 0.00B 5.00 ± 0.03A 5.00 ± 0.00A

Ash (%) 6.28 ± 0.14A 4.22 ± 0.04C 4.94 ± 0.02B

Color L 62.25 ± 0.02C 65.96 ± 0.00A 63.36 ± 0.00B

a* 4.00 ± 0.02B 4.50 ± 0.00A 3.82 ± 0.00C

b* 28.64 ± 0.03B 29.04 ± 0.01A 26.76 ± 0.01C

Viscosity (25 �C, cP) 958 ± 7.77B 1053 ± 14.14A 1093 ± 7.77A

Phytic acid (mgP/g meal) 11.36 ± 0.01B 10.34 ± 0.03C 11.54 ± 0.02A

Tannin (mgCE/g meal) 1.66 ± 0.03A 1.54 ± 0.02A 1.65 ± 0.03A

Capital letters within each row compare the samples for each property (P B 0.01)
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viscosity. Likewise, enzyme treatment may have partially

denatured seed proteins to change their folded structure. In

a previous study [33], viscosities of 1 and 10 % defatted

sesame flour were reported as 2.5 and 7.0 cP, respectively.

Apparently, concentration of dispersion might be very

effective on the viscosity measured.

Phytic acid content of the meals was in the range of

10.3–11.5 mg P/g sample (Table 1). Enzyme treatment

might aid phytates to be released, and roasting may

degrade some of the phytates. In a previous study [34], the

phytate-P content of rapeseed, sunflower seed and niger

seed was reported as 6.89, 8.80 and 8.35 mg/g, respec-

tively. Embaby and Mokhtar [7] reported phytic acid

content of whole sweet pepper seed as 2.88 g/100 g on dry

basis. This amount is higher than our measurement in the

meals, but during the previous processes (cold pressing and

defatting), some phytate loss might have occurred. Erdman

[35] indicated that most oilseeds contain around 1.5 %

phytate on dry basis, and due to the chelation ability of

phytate, mineral bioavailability can be reduced. Similarly,

defatted hazelnut meals had 18.5–33.0 mg/g phytates [12].

Generally, our findings concur with the literature. The

other anti-nutritional factor, tannin content of the samples,

was also measured. Defatted capia pepper seed meals

contained around 1.54–1.66 mg/g tannins (Table 1). No

difference was evident among the samples in terms of

tannin content. Previously, tannins content of sweet pepper

seed was reported as 2.89 mg/g [7]. Like the phytic acid

content, the tannins content of our meals was lower than

that of the sweet pepper seeds. Clearly, during cold

pressing and defatting of press cakes, some tannin is lost.

From nutritional point of view, this situation is rather

beneficial for human food applications of the meals.

Sharma et al. [11] measured the tannin contents of meals as

0.7 mg/g for almond, 0.3 mg/g for Brazil nut, 0.3 mg/g for

chestnut, 0.9 mg/g for hazelnuts, 0.3 mg/g for the maca-

damia nut, 0.0 mg/g for the pine nuts, 1.3 mg/g for the

pistachio and 0.2 mg/g for soybean variety W82. Defatted

hazelnut meals had 5.56–9.46 mg/g tannins and

0.25–1.53 % condensed tannins [12]. Our results are usu-

ally in agreement with the literature.

Mineral Content

Mineral composition of the meal samples was analyzed by

the ICP-AES technique, and out of 16 minerals analyzed,

10 of them were detected in the samples (Table 2).

Amounts of Zn, Fe, Mn, Ca, Al, Na and K were statistically

higher in the enzyme-treated samples. Heavy metals such

as Pb, Co, Cd, Ni and Cr were analyzed, but luckily not

detected in the samples. Significantly higher sodium con-

tent in the enzyme-treated sample could be due to the

added enzyme slurry during the seed pre-treatment.

Although the mineral composition data were not available

for the enzymes used, the solid dust enzyme preparates

may contain some sodium. In one study [7], the mineral

composition of sweet pepper seed was reported. Out of

analyzed 7 minerals (K, Na, P, Fe, Cu, Zn and Mn), the

most abundant were potassium and phosphorous (687.14

and 74.97 mg/100 g sample). In terms of abundancy, our

results concur with theirs for K and Na findings. In another

recent study [30], mineral compositions of walnut, pome-

granate, grape and almond seed meals were reported.

Compared with our results, amounts of Ca, Mg, Fe, Mn, Al

and Zn were fairly similar, but contents of K and Na were

significantly higher in our samples. Generally, capia pepper

seed meals can be accounted as good sources for K, Na and

Mg, but poor for Fe. Hence, the meals can be used safely as

food or feed ingredients.

Functional Properties

Functional properties of the capia pepper seed meals are

reported in Table 3. WHC of enzyme-treated meal was

significantly higher than the others. WHC could be an

important functional parameter in processed foods such as

bakery products, sauces, soups and meat products [10–31].

Hence, if these meals are incorporated into similar prod-

ucts, they could have beneficial effects on quality and

yield. There is no study reported in the literature for capia

pepper seed flours or meals; therefore, comparison with

other similar materials would be meaningful. WHC of six

different mucuna bean varieties were reported to be

between 1.40 and 2.20 g/g [36]. Similarly, WHC of crude

and heat-treated linseed flours was 3.45 and 4.43 g/g,

respectively [37]. With respect to WHC, capia pepper seed

meal samples are very similar to the other oilseed and

kernel meal materials and could be credited as moderate

water-holding capacity samples.

Another important functional property, oil-holding

capacity (OHC), was also measured (Table 3). There was

no significant difference among the samples. OHC is a

preferred property in emulsified products; especially in

emulsified meat products, it would be better if any added

ingredient enhances the OHC or emulsifying activity [31].

Unfortunately, the literature lacks for this property of

pepper seed meal samples, as well. On the other hand,

Adebowale et al. [36] reported the OHCs of 6 mucuna

beans between 2.1 and 2.6 g/g. Likewise, the OHC of

linseed flour samples was between 2.36 and 1.37 g/g [37].

Effect of heat treatment was evaluated by Abbey and Ibeh

[38], and it was found out that WHC and OHC of chickpea

flour increased from 2.4 to 3.6 g/g and from 2.9 to 3.2 g/g,

respectively. Clearly, compared to the literature, OHC

values of our samples are lower.
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Emulsifying activity (EA) and emulsion stability (ES) of

the samples are also shown in Table 3. For both values, the

enzyme-treated samples had significantly higher values

than those of the control and roasted samples. In the only

available literature [15] for red pepper seed flour and

protein samples, emulsion activity values were reported as

49.3–54.7 and 48.4–70.4 %, respectively. These data con-

cur with ours, but it is obvious that enzyme pre-treatment

of the seeds enhanced the value quite significantly. This

might be due to the partial unfolding or hydrolysis of seed

proteins, since one of the enzymes was protease. It was

indicated that protein unfolding may increase the emulsi-

fication activities due to the enhancement of hydrophobic

domain and developing flexibility [10]. Narayana and

Narasinga Rao [39] reported a decrease in emulsion and

foaming capacity of bean flour by heat treatment from 35 to

18 %. The emulsion stability (ES) exhibited similar trends

of changes with EA values (Table 3). For the red pepper

seed flour and protein samples, ES was reported as

52.9–54.33 and 47.19–64.9 %, respectively [15]. These

data are in agreement with our results. In one study [37],

heat treatment was reported to reduce emulsion and

foaming capacities of flax seed flour. Generally, different

measurement techniques were used in different studies, and

EA and ES values of meals varied greatly, possibly due to

the material source differences. Overall, enzyme pre-

treatment of the seeds might have caused some protein

unfolding, and this led to significant increase in the EA and

ES values to increase significantly. It can be suggested that

if meals are intended for emulsion type products, protease

pre-treatment may enhance their emulsion properties.

Foaming capacity (FC) and foam stability (FS) data of

the samples (Table 3) revealed that the lowest values were

in the enzyme-treated sample and the highest values were

in the control samples, contrary to the results of EA and ES

values. No data were found in the literature for these two

functional properties of pepper seed flour or protein

extracts. Hrčková et al. [40] treated commercial defatted

soy flour with Flavourzyme (exopeptidase and endopro-

tease complex), Novozym (proteolytic enzymes) and

Alcalase (endopeptidases), and found that enzyme treat-

ment caused increment in FC but significant reduction in

FS. Sharma et al. [11] measured foaming capacities of

almonds, chestnut, Brazil nuts, hazelnuts, macadamia nuts,

Table 2 Mineral contents of

the defatted capia pepper seed

meals

Mineral (ppm) Defatted capia pepper seed meals

Control Roasted Enzyme treated

Zn 0.068 ± 0.001B 0.022 ± 0.001C 0.147 ± 0.001A

Fe 0.008 ± 0.000C 0.020 ± 0.000B 0.063 ± 0.001A

B 0.064 ± 0.000A 0.063 ± 0.003A 0.019 ± 0.000B

Mn 0.030 ± 0.000B 0.027 ± 0.000C 0.033 ± 0.000A

Mg 2.380 ± 0.024A 2.407 ± 0.069A 2.473 ± 0.021A

Ca 1.277 ± 0.033A 1.010 ± 0.023B 1.218 ± 0.049A

Cu 0.039 ± 0.000A 0.021 ± 0.000C 0.022 ± 0.000B

Al 0.055 ± 0.000C 0.064 ± 0.002B 0.142 ± 0.003A

Na 2.265 ± 0.108B 2.736 ± 0.544B 236.73 ± 28.539A

K 21.74 ± 0.82C 224.4 ± 31.57B 496.1 ± 14.29A

Capital letters within each row compare the samples for each mineral (P B 0.01)

Table 3 Functional properties

of the defatted capia pepper

seed meals

Property Defatted capia pepper seed meals

Control Roasted Enzyme treated

WHC (g water/g meal) 2.46 ± 0.07C 2.86 ± 0.03B 3.19 ± 0.00A

OHC (g oil/g meal) 1.38 ± 0.04A 1.33 ± 0.07A 1.22 ± 0.17A

EA (%) 45.92 ± 0.75B 45.80 ± 0.49B 65.77 ± 0.54A

ES (%) 43.52 ± 0.75B 45.80 ± 0.49B 66.01 ± 0.54A

FC (%) 116,67 ± 23.56A 96.50 ± 2.12A 90.50 ± 2.12A

FS (%) 74.00 ± 11.31A 50.50 ± 0.70A 57.50 ± 3.53A

Capital letters within each row compare the samples for each functional property (P B 0.01)

WHC water-holding capacity, OHC oil-holding capacity, EA emulsifying activity, ES emulsion stability,

FC foaming capacity, FS foam stability
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pine nuts, pistachio nuts, soybeans W82 variety and found

them above 40 %, and indicated that foaming capacity and

stability are quite dependent on the material source. Hence,

capia pepper seed meals can be considered as moderate

capacity materials compared to the literature for FC and FS

values for different food applications.

The least gelling concentrations (LGCs) of the meals

were also measured (Table 4). LGC is commonly used as

functional property for extracted seed proteins [10–31], but

could also provide some insights for the meal samples.

While in the control sample, solid gel occurred at 24 %

dispersion concentration, roasted samples gelled at 32 %

concentration. Up to 38 % dispersion concentrations,

enzyme-treated meals did not gel at all. Eventually, this

result may suggest that protein damage in the meals pre-

vented solid gel formation under the test conditions. Hence,

for any food application regarding gel formation, especially

protease treatment would not be appropriate. There are no

data in the literature for pepper seed meals for this prop-

erty, but six mucuna bean flours were reported to have

LGC at 14–20 % [36]. In another study [11], the LGCs for

almonds, Brazil nuts, chestnuts, hazelnuts, macadamia

nuts, pine nuts, pistachios and soy protein concentrates

were reported to be 6, 8, 8, 12, 20, 12, 10 and 16 %,

respectively. Hrčková et al. [40] treated commercial

defatted soy flour with Alcalase and measured LGC value

of 2 %, but the gel was sliding on the tube wall. A weak gel

was formed with 6 % Novozym, and solid gel structure at

2 % concentration with Flavourzyme was apparent. Hence,

capia pepper seed meal samples can be credited as low

gelling materials.

Conclusion

Cold pressing of edible oilseeds to get special oils is

gaining popularity in recent years. Since the seeds must be

very clean, healthy and pure for product specifications of

cold-pressed (unrefined) oils, the meals obtained after cold

pressing are usually of high quality. Due to the mild

processing conditions and absence of solvent or any other

chemicals, cold press meals or press cakes are safe mate-

rials to be utilized as human food source. This study

showed that capia pepper seed meals are good sources of

protein and some minerals. Although anti-nutritional fac-

tors such as phytic acid and tannins are present, they are

not in high amounts compared to other similar meals. Most

importantly, the meals exhibited some functional proper-

ties, such as water-holding capacity, emulsification and

foaming abilities. In fact, for most functional properties,

roasting of seeds has shown to enhance the properties. In

conclusion, this study suggests that capia pepper seed

meals are safe, nutritionally beneficial and functional

materials for food applications. Further studies of capia

pepper seed meals for food applications are needed.
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