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The objective of this study was comparing physical-chemical, and organoleptic properties of peanuts roasted in hot air — with and without air flow,
deep-fried in oil and treated in microwave.

It has been stated that peanut properties depended on the method of thermal processing and parameters applied. As the temperature increased,
air flow speed, power (regardless the method) and moisture show decreased values. Nuts deep-fried in oil were characterised by higher fat content as
compared to the ones roasted in hot air or treated in microwave. The method and parameters of thermal processing effected on the properties of peanut
fat fraction — acid value remained unchanged, while peroxide value underwent alterations according to the temperature. Peanut colour, alike, proved to
be effected by thermal processing — the higher temperature the darker peanut colour. The most considerable alterations were recorded for peanuts deep-
fried in oil and roasted with the use of dry method, i.e. hot air follow of the temperature ranging 170°C and 180°C. The method of roasting influenced
also peanut texture — the most delicate nuts were obtained when deep-fried in oil and roasting in a roaster with air flow, while the hardest ones resulted
from dry method without air flow. The most advantageous organoleptic properties, regardless the methods, featured the peanuts thermal processed at

the temperature of 140°C.

INTRODUCTION

Roasted peanuts have become a popular snack product
and a valuable addition to different kinds of confectionery
and bakery products. They owe their popularity first of all to
the properties they acquire in the course of roasting — attrac-
tive colour, characteristic taste and smell, as well as crispy and
delicate texture [Bucholz ef al., 1980]. As a result of Maillard
reaction, there are formed colorants, also responsible for the
typical odour of roasted peanuts [Saklar et al., 2001]. There
can be recorded a decrease in peanuts water content as well,
which is connected with structural alterations directly effect-
ing texture of a ready product [Demir & Cronin, 2004; Saklar
et al., 2003]. Because of the conditions of roasting, and first
of all, the temperature usually ranging 100-180°C, there can
also be detected disadvantageous alterations in the course of
roasting — mainly in peanut fat fraction [Bolton & Sanders,
2002]. Peanuts contain 50% of fat composed mostly of unsat-
urated fatty acids — the components especially susceptible to
thermooxidative alterations [Slade & Levine, 2006; Yoshida
et al., 2005]. Therefore, a careful combination of appropriate
conditions of roasting, depending on the method applied, has
become a considerable problem.

Peanuts are usually roasted in hot oil (deep-fried) or air
[Perren & Escher, 1997]. Different time and temperature of
roasting are strictly connected with the kind of heating medi-
um. In some countries (e.g. Japan) introduction of microwave
treatment, often conducted in home conditions, has become

more and more popular [Yoshida et al., 2003]. Therefore the
aim of the research was to compare physicochemical and or-
ganoleptic properties of peanuts roasted in hot air — with and
without air flow, deep-fried in oil and treated in a microwave.

MATERIALS AND METHODS

Materials. The material consisted of shelled raw peanuts
(produced in China) bought from a local distributor. Samples
(200 g) of peanuts halves (initial moisture 5.3%) were roasted
in hot air (laboratory dryer, Poland) and (laboratory roaster,
Poland), deep-fried in rapeseed oil (electric fryer, Beckman,
Italy), and treated using microwaves (Whirpool). Peanuts were
thermally processed at 100-180°C for 17 min (dry roasting
and deep-frying). The air velocity in the roaster was 3.4 m/s.
Microwave treatment was conducted using three levels of
power: 500, 750 and 1000 W. After processing peanuts were
packed in plastic bags and taken to a laboratory for analyses.
The data are mean results obtained in three technological
replications.

Analysis. Peanuts moisture content was determined
using the gravimetric method. Fat content of peanuts was
measured according to Soxhlet’s method. Fat was extracted
using a Biichi B-811 Universal Extraction System (Biichi
Labortechnic AG, Flawil, Switzerland). Two grams of sample
were extracted for 180 min using diethyl ether as a solvent
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[AOAC, 1995]. Fatty acid composition of fat was analysed
using gas chromatography. Peroxide value (PV) and free fatty
acids (FFA) content were determined in fat fraction of roasted
peanuts according to AOAC standards.

Peanuts texture was determined using an Instron Model
5544 Universal Texture Analyser outfitted with an extensom-
eter head of the range up to 2 kN. Single peanut halves were
compressed between two parallel plates at the speed of 5 mm/
min. The test lasted until the examined sample was damaged
and enabled determining the maximum compressive force
Fc .. Each measurement was conducted on 10 nut halves
[Kita & Figiel, 2006].

The colour of peanuts was measured with the use of a Mi-
nolta Chroma Meter CR-200 Reflectance system. The mea-
surements were conducted after milling peanuts to constant
grind size on 10 nuts samples from all roasting conditions
[Ozdemir & Devres, 2000].

Organoleptic qualities — colour, flavour, odour and texture
were assessed according to a five-grade scale (5 points — the best,
1 point — the worst). A panel of 10 panelists, ages 23-25 years (all
students of the Faculty of Food Science), with sensory evaluation
experience, was trained in descriptive evaluation of nuts.

Statistical analysis. The data were analysed statistically
using Statistica 6 programme (2001). For comparison, the

TABLE 1. Chemical composition of fresh peanuts.

results obtained underwent a one-way analysis of variance
with the application of Duncan’s test (p<0.05). To assess rank
variables (organoleptic nuts evaluation on the 1-5 scale), the
non-parametric Kruskal-Wallis test was used. Homogenous
groups were shaped on the basis of the determined ranks.

RESULTS AND DISCUSSION

Raw peanuts feature typical fat content and its proper-
ties (Table 1). Thermal processing effected on the decrease
in moisture of all the analysed peanuts samples (Figure 1).
More considerable moisture alterations took place in the
course of roasting in a roaster in comparison to deep-frying
in oil or with the use of a dryer. All samples processed us-
ing the microwave method were characterised by low mois-
ture (<0.5%). Similar dependencies were reported by other
authors who analysed peanuts roasted according to different
methods [Adebiyi et al., 2002].

Alterations in fat content of peanuts deep-fried in oil were
shown in Figure 2. As temperature increased the nuts ab-
sorbed higher amounts of frying fat (maximum 4%). Table 2
shows alterations in fat fraction of peanuts thermal processed
with different methods. Regardless the method and param-
eters applied, free fatty acids content ranged a similar level.
Yet alterations affected peroxides content, which pointed to
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FIGURE 1. Moisture content of peanuts thermally-processed using different methods.
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FIGURE 2. The fat uptake of peanuts deep-fried in oil.

the rate of oxidative changes. In peanuts roasted in air the
amount of peroxides did increase as roasting temperature in-
creased, while in peanuts deep-fried in oil at the temperatures
of 170°C and 180°C there dominated reactions of peroxides
decomposition which resulted in the decrease in peroxide
number. In microwave processing higher peroxide content
featured fat fraction of peanuts treated at higher microwave
power applied. Yoshida ef al. [2003], comparing the proper-
ties of microwave-treated peanuts, stated that at the same
microwave power used peroxides content in the examined
peanuts samples increased as processing time prolonged. The
method and parameters of thermal processing also effected
on fatty acids composition in peanuts — the lowest unsatura-
tion ratio was typical of fat extracted from peanuts deep-fried
in oil, while the highest one belonged to those processed in a
microwave.

TABLE 2. Acid value, peroxide value and unsaturation ratio (C18:2/C16:0) of fat extracted from thermally-processed peanuts.

Tvve of equipment Parameters of thermal Acid value Peroxide value Unsaturation ratio
ype ot equip processing (mg KOH/g) (meq O,/kg) (C18:2/C16:0)
100°C/17min 7.76 £ 0.134 1.09 = 0.05 1.98
112°C/17min 8.13 £0.174 14.09 + 0.23<8 2.03
Fryer 140°C/17min 8.75 = 0.09 10.09 = 0.19°8 2.04
170°C/17min 7.32 £0.114 2.25 = 0.09 2.32
180°C/17min 7.61 = 0.09* 0.18 = 0.02 2.21
100°C/17min 10.00 £ 0.21 0.28 = 0.04 2.76
112°C/17min 9.10 + 0.14 0.55 = 0.07 2.44
Air-dryer 140°C/17min 9.45 = 0.16* 6.96 = 0.11b* 1.78
170°C/17min 9.87 = 0.16M 3.70 = 0.09%A 1.52
180°C/17min 10.75 £ 0.20 5.08 = 0.14%¢ 1.77
100°C/17min 9.58 = 0.19% 0.13 £ 0.02 3.06
112°C/17min 10.17 = 0.22% 0.56 = 0.03% 2.90
Roaster 140°C/17min 10.49 = 0.21% 6.62 = 0.154 2.94
170°C/17min 8.92 = 0.17% 3.57 = 0.08" 2.87
180°C/17min 8.08 = 0.15% 3.37 = 0.09°® 2.75
500W/26min 10.78 = 0.24 3.73 = 0.09* 2.94
Microwave 750W/17min 10.95 £0.212 6.44 = 0.16" 3.11
1000W/8min 11.00 = 0.26 6.43 = 0.17° 3.15

Lower-case letters indicate significant differences between thermal process parameters in each method (0<0.05)
Capital letters indicate significant differences between peanuts thermal processed in fryer, air-dryer and roaster at the same parameters (0.<0.05)

TABLE 3. Colour (L*a*b*) of thermally-processed peanuts.

Type of equipment Parameters of thermal L* a* bt
processing
100°C/17min 67.18 = 0.17¢A8 -0.13 = 0.01%® 13.76 = 0.14®
112°C/17min 65.50 = 0.21 0.24 = 0.012® 13.74 = 0.15%®
Fryer 140°C/17min 55.13 = 0.19 6.17 = 0.12°¢ 27.14 = 0.19¢
170°C/17min 38.34 = 0.16™ 10.56 = 0.198 26.23 = 0.21B
180°C/17min 29.90 = 0.18 12.25 +0.214¢ 19.33 = 0.18"
100°C/17min 67.93 = 0.15° -0.71 = 0.06™ 11.69 = 0.09
112°C/17min 67.03 = 0.16" - 0.45 = 0.04% 12.01 = 0.10
Air -dryer 140°C/17min 66.12 = 0.15° 0.55 = 0.07* 16.43 = 0.12%
170°C/17min 59.31 = 0.14¢ 2.25 +0.10 22.37 = 0.184
180°C/17min 59.41 = 0.15¢ 5.82 + 0.129% 29.05 = 0.20%¢
100°C/17min 62.46 = 0.17 -0.27 = 0.01:® 11.88 = 0.09
112°C/17min 60.64 = 0.15% -0.35=0.01= 1241 = 0.11
Roaster 140°C/17min 56.54 = 0.148 2.67 = 0.11%8 21.28 = (.13
170°C/17min 39.74 = 0.13%8 10.15 = 0.15® 2791 = 0.18%
180°C/17min 31.80 = 0.1428 10.53 = 0.14<¢ 23.93 = 0.168
S00W/26min 59.32 = (.16 1.84 = 0.092 18.77 = 0.192
Microwave 750W/17min 46.14 = 0.15° 7.11 = 0.12¢ 25.00 = 0.15°
1000W/8min 51.22 = 0.16° 5.33 = 0.10° 24.75 = 0.14°

Lower-case letters indicate significant differences between thermal process parameters in each method (0<0.05)
Capital letters indicate significant differences between peanuts thermal processed in fryer, air-dryer and roaster at the same parameters (a<0.05)
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FIGURE 3. Texture of peanuts thermally-processed using different methods.
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FIGURE 4. Overall oraganoleptic assessment of peanuts thermally-processed using different methods.

In the course of thermal processing peanuts colour also
underwent alterations (Table 3). Regardless the method ap-
plied, thermal treatment resulted in darker peanut colour. The
most considerable alterations featured the colour of peanuts
deep-fried in the oil and roasted in the roaster, which exhib-
ited too dark colour when roasted at the highest temperature.

According to Bolton et al. [2002], lightness (L*) of appro-
priately roasted peanuts should amount 49 and among the
samples subjected to analysis the most similar values featured
peanuts roasted at temperature of 140°C. The least significant
alterations were observed for peanuts treated in a microwave.
Similar results were obtained by Ozdemir & Devres [2000]
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comparing colour of hazelnuts roasted at different tempera-
tures. Nuts roasted above 140°C exhibited excessive share of
redness.

Thermal processing effected on peanuts texture as pea-
nuts became more crispy and less hard. Alterations in peanuts
hardness, determined in an instrumental way as maximum
force needed to break peanut halves were shown in Figure 3.
Hardness of peanuts deep-fried in oil and roasted in air de-
creased as processing temperature increased. Significantly
harder texture featured peanuts roasted in a dryer in com-
parison to those roasted in a roaster. Hot air flow consider-
ably accelerates water vaporation and, therefore, structural
alterations in peanuts as well. This allows to obtain desired
properties of a ready product within a shorter time and using
lower temperatures. Peanuts processed in a microwave were
characterised by similar hardness, regardless the parameters
of processing. Misra [2004] analysed correlations between
moisture of roasted peanuts and their hardness. He also stat-
ed that with decreasing moisture in roasted nuts, their hard-
ness decreased.

Peanuts texture did significantly effected on the overal or-
ganoleptic assessment of nuts subjected to examination (Fig-
ure 4). The highest assessment values (more than 4 points)
gained nuts processed at the temperature 140°C, while the
lowest ones — when processing temperature ranged 180°C.
Among those samples the lowest assessment values belonged
to peanuts deep-fried in oil, which featured too dark colour,
as well as bitter and burning flavour. Among peanuts pro-
cessed in a microwave the highest assessment obtained nuts
subjected to processing at the highest power applied (S00W).

CONCLUSIONS

It has been stated that peanut properties depended on the
method of thermal processing and parameters applied. As the
temperature increased, air flow speed, power (regardless the
method) and moisture show decreased values. Nuts deep-
fried in oil were characterised by higher fat content as com-
pared to the ones roasted in hot air or treated in microwave.
The method and parameters of thermal processing effected
on the properties of peanut fat fraction — acid value remained
unchanged, while peroxide value underwent alterations ac-
cording to the temperature. Peanut colour, alike, proved to be
effected by thermal processing — the higher temperature the
darker peanut colour. The most considerable alterations were
recorded for peanuts deep-fried in oil and roasted with the
use of dry method, i.e. hot air follow of the temperature rang-
ing 170°C and 180°C. The method of roasting also influence

peanut texture — the most delicate nuts were obtained when
deep-frying in oil and roasting in a roaster with air flow, while
the hardest ones resulted from dry method without air flow.
The most advantageous organoleptic properties, regardless
the methods, featured the peanuts thermal processed at the
temperature of 140°C.
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WPEYW ROZNYCH PARAMETROW OBROBKI TERMICZNEJ NA WEASCIWOSCI
ORZECHOW ARACHIDOWYCH

Agnieszka Kita', Adam Figiel?
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Celem pracy bylo poréwnanie wlasciwosci fizykochemicznych i organoleptycznych orzechéw arachidowych prazonych w goracym powietrzu
-z przepltywem i bez, smazonych w oleju oraz ogrzewanych mikrofalowo.

Stwierdzono, ze wiasciwosci orzechdw arachidowych zalezaly od metody i parametréw obrobki termicznej. Wraz ze wzrostem temperatury,
predkosci przeptywu powietrza oraz mocy, (niezaleznie od metody), wilgotnos¢ orzechow ulegata obnizeniu. Orzechy smazone w oleju charak-
teryzowaly si¢ wyzszq zawartoScig ttuszczu w poréwnaniu z orzechami prazonymi w goracym powietrzu badz mikrofalowo. Rodzaj i parametry
obrobki termicznej wplynety na wlasciwosci frakeji thuszczowej orzechw — zmianom nie ulegta liczba kwasowa, natomiast liczba nadtlenkowa
zmieniala si¢ w zaleznosci od temperatury. Prazenie wplyneto na barwe orzechdw —im wyzsza temperatura tym ciemniejsza byta barwa orzechow.
Najwigksze zmiany barwy nastapily w orzechach smazonych w oleju oraz prazonych na sucho w przeplywem goracego powietrza w temperatu-
rach 1701 180°C. Metoda obrobki termicznej wplyneta na konsystencje orzechow — najdelikatniejsze orzechy uzyskano podczas smazenia w oleju
oraz prazenia w prazalniku z przeptywem powietrza, a najtwardsze przy prazeniu na sucho bez przeplywu powietrza. Najlepszymi wlasciwoSciami
sensorycznymi, niezaleznie od metody, charakteryzowatly si¢ orzechy poddawane obrdbce termicznej w temperaturze 140°C.





