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ABSTRACT

In recent years, cashew nuts have received spati@htion because of its potential role in prevegticardiovascular
disease. However, cashew nuts are very rich inl fata(48 wt. %) that can potentially be oxidizedridg storage. The
present study was conducted to evaluate the imphdalting, roasting and Arabic gum coating with without
antioxidants on the oxidative stability of cashewtsnduring Storage. Cashew samples were roaste€{&and salted
(RCC-G-S) and coated with Arabic gum, and furthrelated with 150 ppm BHT (RCC-G-BHT) 150 ppm rosgmar
commercial extract (RCC-G-Rose) or a combinatiorboth (RCC-G-BHT-Rose). Raw cashew nuts (C) andaiad
roasted cashew (URC) were used as control. All $asnpere analyzed for free fatty acids percent&ge’(%), peroxide
value (PV), p-Anisidine value (pAV) and totox val(&/) at storage time interval from 1 to 10 montisroom
temperature. In the first four months, no consitidgaFFA%, PV, pAV or TV was detected in all samphdasthe 10th
month of storage, the FFA% of raw cashew (C) hadhighest significant (p < 0.05) value, followedrbgsted uncoated
(URC) compared with other samples. The PV of RCBH3; RCC-G-BHT-Rose and RCC-G-Rose samples was the
lowest compared with other samples with 1.09, 216d 3.23 meqO2/kg at the 10th month of storage, tivh&ch indicate
the high efficacy of BHT and rosemary with Arabigrgcoat as antioxidant in cashew. The secondardymts resulted
from peroxide radical degradation, as measured WA pbecome significant after the 6th month of gieraRoasting of
cashew was found to increase the PVA value inaafides. Treatment of cashew with BHT and roseniadgpendently,
had significantly lowered the pVA compared witheotlreatment with values of 1.29 and 2.16, respebti However,
treatment with a mixture of BHT and rosemary haghlue of 2.9, which could be explicated by antagiimiantioxidant
effect between the two. Furthermore, salting oheashad significantly increase PV, PVA and totoxes compared with

all other samples after the 6th month of storage
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INTRODUCTION

Cashew nut (Anacardiumoccidentale L.) belongs ®Ahacardiaceous family and is a fruit of an eveegrtree, native
from northeast region of Brazil, which expandedrgpoeously in South American countries. Cashewetsrare regarded
as a worldwide nutritious food that is consumedhasit after roasting (Lawrence 1982, Ahmed andiBidauri 2008,
Asogwa, Hammed et al. 2008, GOmez-Caravaca, Vertrdb 2010). Cashew is composed of 11- 22 % jro89-49 %
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2 Fahed Albaz & Maher Al-dabbas

fat, 25% NFE, 3.8% moisture and 2.4 % ash. The nes@ngy content of cashew is very high and estithtiebe 2525
kJ/100g (Lawrence 1982, Rico, Bull6 et al. 201&)e3e nutrition values vary with planting conditioRat is the major
component and is composed of 79.7% unsaturateyl dattls (FA), 20.1% saturated FA, and 0.2% Trans EAshew
contains many minerals with average sodium corgéfhti4 mg/kg. Fourteen FAs were identified, amoriclv oleic acid
is the most abundant with a contribution of 60.®/4he total fat, followed by linoleic (17.77%), patic (10.2%), and
stearic (8.93%) acids (Lawrence 1982, Rico, Butlale2016). Nuts also contain high level of momal @olyunsaturated

fatty acids, vitamins, minerals, amino acids, pbtgools and generous content of fiber (Tufail, Sasteal. 2019).

Cashew has antioxidant capacity, due to the faat tdashew nuts have bioactive compounds such as bet
carotene, lutein, zeaxanthin, alpha-tocopherol, agtonopherol, thiamin, stearic acid, oleic acid #indleic acid (Trox,
Vadivel et al. 2010). Cashews nuts also have ghkgnols antioxidants such as anacardic acids (vzsdkinard, da
Silveira Andrade-da et al. 2018)

Cashew nuts is one of the common nuts availableoasting market in Jordan, and is highly in demagd
consumers due to its high energy and nutritiondlevaas well as its unique flavors and taste, initamidto its health
benefits. Due to its contents of monounsaturatéty facids and polyunsaturated fatty acids, cashesvsumption is
related to reduce cardiovascular disease risk,cepein case of stroke, and decrease risk of bwita syndrome,
diabetes, mental health, weight gain and obesiyliBeza, Ryan et al. 2013, Mah, Schulz et al. 201t7¥ also claimed
that nuts are used to recover psychological probl@@arey, Poulose et al. , Herbison, Hickling et2@l12), to improve

mineral density in bones (Rivas, Romero et al. 2@h8l to lower the rate of depression.

Lipid oxidation is one of the major causes of spgd in high lipid food, especially high unsaturatlipid food
such as cashew nuts. The rancid off flavor, toxibssance and loss of nutritional value due to diggian of
polyunsaturated fatty acid (PUFA), make this praduwacceptable for consumers (Maskan and Kaf889, Guillen and
Goicoechea 2008, Ganiari, Choulitoudi et al. 2017).

Cashew nuts are main constituent in many procefegets including confectionery products, butters ba#lery
products. However, roasting of cashew alter itsoaitant activity by conversion of the phenolic d@omposition such
syringic, gallic, and p-coumaric acids. Howeveg #udition of antioxidant and the use of ediblmfis one major efficient
strategy applied to delay oxidation rancidity (Leske-Dicastillo, Alonso et al. 2010). Synthetic iaridants, such as
butylated hydroxyanisole (BHA), butylated hydroxyene (BHT) and propyl gallate (PG), are used imynfoods to
prevent rancidity. However, their safety for humiagalth is questionable (Pokorny 1991). Natural cxidiants like
essential oils and tocopherols can act as natatebadant (Silva, Martinez et al. 2010, Quirogay#tos et al. 2011). The
efficiency of these compounds is not enough in mzases (Bolumar, Andersen et al. 2011) and thublesdoat with or
without antioxidants could be an alternative methogreserve the product appearance, texturaljtiontl and flavor
properties during storage, and may elongate thi¢ Ifeeof the product.

The objectives of this research are to study tliecefof salting, roasting and Arabic gum coat oridative
stability of roasted cashew nuts, without additafnany antioxidant, during storage for period of m@nths at room
temperature. Furthermore, the cooperative effecamioxidant (BHT and/or rosemary commercial exjraan the

oxidative stability of cashew is also evaluated.
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MATERIALS AND METHODS

Materials

Imported and vacuum packed raw and mature seedbeotashew nuts (crop 2019) were purchased from \BRA
Company in Amman. Before processing, cashew nutg wespected to remove damaged or bruised kermelaually.
Seven treated samples of cashew were preparedcdritml samples were raw cashew nuts (C) and uedoatasted
cashew nuts (URC). Samples without antioxidantssweasted and coated cashew nuts with Arabic guOC{R), salted,
roasted and coated cashew with Arabic gum (RCC-G8&nples roasted and coated cashew nuts with Agaln were
treated with 100 ppm BHT (RCC-G-BHT), 150 ppm roseyncommercial extract (RCC-G-Rose) and 100 ppm BHT
together with 150 ppm rosemary commercial extB@C-G-BHT-Rose)

Arabic Gum Edible Coat Preparation

The Arabic gum powder (Hashab, Sudan origin) washmsed from a herbal shop (local market) and tihatien was
prepared by dissolving 500 g of gum powder withaithout 100 mg BHT or 150 mg of rosemary extradispersed

separately in 20 ml ethanol) in 1 L solution. Théuton was then allowed to equilibrate to room pemature.
Addition of Salt

After discharge of cashew in a special perforatewktthe cashew nuts was immersed for ten secondsdther tank
containing 25% (w/v) NaCl solution in distilled veat Then, the salted cashews was sieved for 15ndecm remove
excess salt solution by lifting perforated tankfrgm salt solution tank. After that, roasting presevas conducted with

the same conditions on unsalted cashew. Filtestdnwas used to dissolve a powdered pure salt.
Cashews Roasting and Coating

Cashew was roasted using domestic rotating roaste40 °C, rotating at 28 rpm for 30 min, then tedsashews will be
spread on perforated stainless steel tray untdivesroom temperature. Coating of roasted cashassperformed using
centrifugal forces, through the rotating roastegbgdual pouring of Arabic gum coat suspension waitl without BHT or
rosemary extracts at BRAVO company (Alshaeb comp&Aynman- Jordan).The drying off process after tiogsand

coating was performed so that the product hasiatare content between 1.2 and 2.0%. The coatingepéage (CP %)

was determined using the following formula:

weight of coated cashew kernels - weight of original cashew kernels
CP% = : — *100%
weight of original cashew kernels

Storage Conditions and Samplings

After preparation, samples were placed in plastitta@iners under aseptic conditions. The samples wt@red at 23°C +
2°C(room temperature). Samples from each product wemoved from storage to evaluate chemical indisaof lipid

oxidation (Nepote, Olmedo et al. 2009). Samplesvwiaken on monthly bases for ten months after géoréhese storage
times were chosen according to acceptable starfdartie tests. Therefore, it is possible to drawatesions about the

effect of treatments on the shelf life and chemjmaperties of the product during this storagequkri
Chemical Analysis

Cashew oil extraction: Oil was extracted from tloasted cashew nuts using a hydraulic cold pres&hibnaster,

Dongguan Chuguan Electric Appliance Co., Ltd, Dargg China). The extracted cashew nut oil was deedhe
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chemical analysis such as peroxide value, freg &atid (%) and Totox value.

Peroxide value (PV): PV was evaluated according@AC method (AOAC, 965.33, 2012), and was expressed

as milliequivalents of active oxygen per kilografrod (meqOy/kg).

Free Fatty acid: FFA % was evaluated according @AS method (AOAC, 940.28, 2012) (Chemists and

Chemists 1995), and was expressed as oleic acid %.

p-Anisidine value (pAV): AV was evaluated followirthe IUPAC method (IUPAC, 1987) using UV-Visible
spectrophotometer (Model UVD-2950, Labomed, Int3%0 nm. The p-anisidine value was calculatedguie formula:
1.25 (As — Ab)
w
Whereas, absorbance of the fat solution after i@aetith thep-anisidine reagent, Ab is the absorbance of the fat

pAV = 25

solution and w is the mass of cashew nuts oil anty.
Totox value (TV): Totox value was calculated usihng PV and pAV results according to the formula:

Totox value = 2 PV + AV

Statistical Analysis

Statistical calculations were performed using statl analysis system, SAS program, 2000 (SAStutstinc., Cary, NC,

USA). Data was analyzed using significant diffeesnofthe means of treatments using LSD test. Riffees at P<0.05
was considered significant.
RESULTS AND DISCUSSIONS

Effect of Roasting, Coating, Salting, Storage and rtioxidant on FFA (%) of Cashew's QOil

Table 1: Effect of Roasting, Coating, Salting and trage on FFA (%) of Cashew's Ol
Storage time (month

FFA 1 2 3 4 5 6 7 8 9 10
a
0.34+.01 a,A a,C a,C b,B b,C c,D c,B d,F e,F
C A 0.36+.00 0.36+.02 0.40+.01 0.61+.01 0.67+.00 0.96+.01 1.07+.05 1.40+.01 1.60+.07
a
0.25+.01 a,A a,A a,A b,B bc,C c,C d,B e,E e,E
URC A 0.24+.01 0.27+.02 0.31+.02 0.59+.08 0.68+.01 0.78+.00 1.06+.12 1.30+.04 1.38+.03
a ab ab,E d,C
0.32+.02 0.29+.07 ab,C 0.38+,01 b,A c,B c,B cA c,B 0.80+.03
RCC-G A A 0.36+.01 C 0.41+.01 0.53+.01 0.55+.01 0.57+.03 0.63+.00 D
a bc,
RCC- 0.34+.00 a,A ab,C ab,C | 0.41+.01 c,A d,B eA f,.D g,D
Gas A 0.33+.04 0.35+.01 0.39+.01 A 0.47+.02 0.56+.01 0.71+.01 0.82+.01 0.92+.01
+<
RCC- a, ab, ab,AB abc, bed, cde, de,
0.33+.08 0.31+.02 0.32+.01 ab,A | 0.38+.01 0.43+.01 0.47+,02 0.51+.02 eA eA
G- A A C 0.33+.01 A A A A 0.54+.01 0.56+.02
BHT
RCC- a, ab, b,A de,A e A
0.29+.01 0.32+.03 ab,BC | 0.34+.01 C,A d,B d,B d,A | 0.60+.00 0.64+.01
G- A A 0.35+.01 B 0.41+.02 0.54+.02 0.56+.01 0.58+.00 B B
Ros¢
RCC-
a, g9.B
G- 0.34+.00 a,A ab,AB bc,C C,A d,B de,B eA f,C 0.77+.01
BHT A 0.30+.02 0.29+.01 0.39+.01 0.42+.03 0.55+.01 0.60+.01 0.66+.01 0.71+.00 C
Ros¢

Each value represents the mean of duplicate + $ierEnt superscript (a,b,c,d,e,f,g and h) withie same row is
significantly different (R0.05). Different superscript with Latin number @,C,D,E and F) within the same column is
significantly different (R0.05).
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Analysis of variance (ANOVA) was conducted to padntt the significant (P<0.05) in the variation b&tmean
values of FFA (%) throughout storage for raw amhtiments of cashews sample. Table (1) shows cosoparbetween
treated samples through ten months of storage timterm of storage time, the FFA% value increasigdificantly (p <
0.05) in all samples after the fourth month, coreparith nearly stable values in the first four ntantAll roasted samples
had significant low FFA % after four months of stge due to reduction of water contents of all cashs a result of
exposing all the samples to the same moisture @mvient, which plays major role in hydrolytic raritidd However, the
increase in FFA% of raw cashew (C) was higher tt@nroasted uncoated cashew (URC) and both havemhiglues
than other samples. This indicates the positivectfdf roasting and coating in diminishing hydraytancidity. In spite
the relatively high value of FFA% of raw cashew,(tBjs value is considered to be lower than acckptdue, which may
be due to low lipase content of cashews. SamamtaRage (Samant and Rege 1990) showed that the lggas/me and
lipoxygenase, amylase- and trypsin inhibitor cont#fhcashew is low. This low content of lipase niweyresponsible for
the higher FFA% value (1.6%) of raw cashew compaviéid all roasted cashew after ten months of sterddus, the heat
of roasting has a destructive effect on enzymesashews. This low lipase content directly affetis lipolysis and

mitigates the autoxidation of fatty acids from exted oils.

Free Fatty Acids Peroxide Value
Y i 8 ——y
1.8
—.
1-URC —— o
i 7 2-UR
* 3pccG —
14 € I-RCCE
¥
# A-ROCEHS ——
olz i Oc ARCC-ES
o
E —_— o —ye
%_ 10 5-ROC-G-BHT En 5-ROC-G-BHT
o
< = ]
o8 % E-ROCG-Rose E ——
2 P
= one T TROC-GEHT-RO:e 2 —
o2
0.4 =
o
0.2 k
e
0.0 0
L1} ; 2 3 4 Moﬁths 6 7 B8 3 10 Q i 2 2 Mﬁ nth55 ] 7 8 2 i}
P-Anisidine Value
Totox Value
e - —
" = 1
R
2-URC
_.-5‘ = 2.uRc
y
—_— /
5 3-RECE ¥,
/ 20 T 3RLCG
T a-pocEes J
1 o T 4-RCC-G+S
— spoccemHT A 15 .
—*— 5_RCC-G-BHT
*— -rocERoe s

. 6-RCC-G-Rase

Totox value

7-RCC-G-BHT-Rose

P-anisidine Value
w

a i 2 3 4 6 ¥ k1 2 10 0 1 2 3 & 7 8 9 10

Mofths r\ionthsE

Figure 1: Chemical Analysis Results: A) Free FattyAcid (FFA). B) Peroxide value (PV) and C) p-
Anisidine Value (pAV). D) Totox Value of Raw CashewNuts (C), Uncoated Roasted Cashew (URC) as
Control Sample, Roasted and Coated Cashew with Arabgum (RCC-G), Salted, Roasted and Coated
Cashew with Arabic gum (RCC-G-S) Roasted and Coate@ashew with Arabic gum and 100 ppm BHT

(RCC-G-BHT), Roasted and Coated Cashew Nuts with A&bic gum and 150 ppm Rosemary Commercial
Extract (RCC-G-Rose) and Roasted and Coated CasheMuts with Arabic gum and 100 ppm BHT and
150 ppm Rosemary Commercial Extract (RCC-G-BHT-Roseduring Storage
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6 Fahed Albaz & Maher Al-dabbas

Fatty acid composition of cashew is susceptibleatcidity development and subsequence off-flavbreugh
lipid oxidation (Frankel 2014). Fatty acid profid cashew shows that cashew have trace amounbdfaiain FA and the
majority (about 80 %) is unsaturated long chaityfatid (Aremu, Ogunlade et al. 2007). Consequetitly off-flavor of
cashew during storage may indicate autoxidationligifl rather than fat deterioration resulted frorgdtolysis of
triglycerides to FFA (Gardner 1975).Nepote et pbréed the PV, p-Anisidine value, conjugated diemed trienes tests of
roasted peanuts with a high and regutdeic cultivar, and found that high oleic cultivaeanuts had shelf lives of 25 (at

23 °C) and 10 (at 40 °C) times longer than regaleic cultivar samples (Nepote, Mestrallet et 80@).

As shown in Figure (1), the cashew FFA (%) rem&iaelow 2 % even after ten months of storage, whsctiné

quality standard of codex for virgin oils (Alimenias 1999).

The FFA% of salted coated and roasted (RCC-G-S)ewes (0.92 %) was found to be significantly highean
coated cashew with BHT and rosemary (RCC-G-BHT, R&Rose and RCC-G-BHT-Rose). This result leads to a
conclusion that addition of salts enhances hydiohgncidity and increase FFA%. This conclusiogassistent with the
results about the effect of addition of NaCl tokir@se fermented soybean food which was report@tttease FFA level
(Han, Wang et al. 2003). As shown in Table (1), dddition of BHT and rosemary significantly redue€A % due to
reduction enzymatic hydrolysis of ester bond ajlyGerides (TG) to produce FFAcompared with ravasted and coated
samples. Furthermore, BHT coated cashew (RCC-G-BhéiE)the lowest FFA% (0.56%) and had significaffedénce
compared with samples containing rosemary extraat (RCC-G-Rose and RCC-G-BHT-Rose).

3.2 Effect of Roasting, Coating, Salting, Storagena Antioxidant on Peroxide Value of Cashew's Oil

Table (2) represents the peroxide value (PV) in egjlivalents of active oxygen per kilogram of foit all seven cashew
samples. A slight increase in PV was noticed thhoud the first five months of storage then sigmifitincrease continued
10th month. The results showed that samples cada®HT and rosemary extract had the lowest peroxéadige after the
5th month five month of storage until the end ofage time. RCC-G-BHT sample had a PV of 1.09 (n#kg) which is
significantly lower than 3.23 and 2.64 (meqO2/kg) RCC-G-Rose and RCC-G-BHT-Rose, respectivelyis Tridicates
that addition of BHT to Arabic gum coat is moreegtive antioxidant than rosemary and rosemary mixigld BHT with
Arabic gum coat. However, rosemary extract coat (R&Rose) is also effective as antioxidant, sintehad
3.23(meq02/kg) peroxide value which is significgribwer than control sample (RCC-G) with 4.1(med2/ This
finding is consistent with the study of Mestrallet al on whey protein coating of peanuts which datbd that
incorporation of whey protein layer with antioxidagives better antioxidant efficacy (Riveros, Ma#at et al. 2013).
Furthermore, roasted sample without Arabic gum ¢O&C) had a peroxide value of 5.01, which is digaintly higher
than uncoated control sample (RCC-G). Riveros eeabrted PV and p-anisidine values of peanut coafi¢h different
edible coatings: carboxymethyl cellulose, methylubese or whey protein during storage at 40 °. yfieund that PV
value of roasted peanut (RP) is significantly higthen coated roasted peanuts samples. (Riverostraflet et al. 2013).
In another study of the effect of pure (gelatinjtasan, sodium casein ate) or blended (gelatintoshh, gelatin:
sodiumcaseinate) coating solutions on cashews aadilBthe results showed that coating protect éhasts from
oxidation during 120 day of storage (Bonilla, Paleh al. 2018). These studies support that the ngixdand coating of

materials with artificial and natural antioxidam@tncenhance antioxidant ability of nuts.
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Table 2: Effect of Roasting, Coating, Salting and t8rage on Peroxide Value (%) of Cashew's Oil

Storage time (month)
Peroxid
e 1 2 3 4 5 6 7 8 9 10
a ab,A bc. bcd,A cde ef, ef, T, g, g,
0.30+.02 0.49+.01 0.58+.01 0.63+.01 0.69+.01 0.781.02d 0.87+.01 0.93+.01 1.23+.12 1.39+.10
C A B B B A A A A A A
a ab,A bc, T, g, h,
0.39+.08 0.47+.01 0.81+.02 c,D cd,B d,C e,C 2.81+.13 3.86+.16 5.01+.03
URC A B D 0.89+.01 0.96+.02 1.30+.02 1.99+.16 D C E
a ab ab,A e, T,
0.38+.03 ab,A 0.56+.01 0.61+.01 bc,A c,B d,B 2.22+.12 3.37+.18 9,.D
RCC-G A 0.46+.00 B B 0.73+.03 1.05+.08 1.56+.06 C C 4.10+.1
a abc T, g, h,
0.43+.02 ab,B | 0.65+.02 bc,C c,B d,C e,D 4.09+.12 5.96+.11 7.34+.12
RCC-G+S A 0.50+.01 C 0.79+.01 0.90+.03 1.43+.1 2.57+.1 E D F
a a,A cd. d, e T,
0.42+.01 0.47+.01 b,B bc,B bc,A C,A 0.71+.02 0.77+.03 0.91+.02 1.09+.02
RCC-G-BHT A B 0.58+.01 0.64+.03 0.65+.01 0.68+.00 A A A A
a ab,A ab bcd d, e T, g,
0.39+.02 0.48+.01 0.56+.02 abc,B | 0.72+.01 cd,A 0.99+.06 1.55+.10 2.36+.18 3.23£.06
RCC-G-Rose A B B 0.66+.01 A 0.84+.01 A B B C
a ab,A ab d, e f, 9,
RCC-G- 0.37+.02 0.46+.00 0.49+.01 ab,A bc,A cd,A 0.97+.06 1.34+.02 1.96+.12 2.64+.09
BHT-R A B A 0.57+.01 0.66+.03 0.83+.03 A B B B
-Ros¢

Each value represents the mean of duplicate + $ierbnt superscript (a,b,c,d,e,f,g,h and i) wittiile same row is
significantly different (R0.05). Different superscript with Latin number (A®BD,E,F and G) within the same column
is significantly different (R0.05)

Table (2) indicates that the first three monthstofage time at room temperature had no consideiafilence
on samples, and this led to a conclusion that BRd rasemary extract start their antioxidant efegfoer three months of
storage time. However, the sharp increase in peéeoxalue start after the 7th month of storage. TMi@Psamples at the
10th months were below 7.5 meq O2/kg, which is miesk than the acceptable PV for other nuts thatldhoe less than
20 meq O2/kg (Mehyar, Alsmail et al. 2012). Another study investigateddative stability of roasted peanuts coated
with prickly pear and algarrobo pod syrups wherrestoat 23C for 112 days. They concluded that P\thed 10
meqO2/kg after 8.5 days in roasted peanuts, 203 iaroasted peanuts coated with prickly peargymd 29.5 days in
roasted peanuts coated with algarrobo pod syr@@@t(Mestrallet, Nepote et al. 2009). This differerin peroxide value
between cashews and other nuts may relate to thetigé antioxidant that present naturally. Thiskemcashew as one of

the most stable nuts, and have longer shelf lifapared with other nuts (such as peanuts).

The results in Table (2) showed that the PV of R&€S (7.34meq02/kg) was significantly higher thaa th
unsalted sample control (RCC-G) and samples cantaBHT (RCC-G-BHT) and rosemary (RCC-G-Rose).

3.3 Effect of Roasting, Coating, Salting and Storagon p-Anisidine Value (%) of Cashew’s Oil

p-Anisidine value (pAV)measures the secondary petedof oxidation resulted from peroxide radical @egtion, which
give volatile compounds like aldehydes primarilyalRenals and 2,4-alkadienals generated due to hperoxide

decomposition, and it is more sensitive to uns&tdraldehydes in oil and fat(Gordon 2001).

Table 3: Effect of Roasting, Coating, Salting and t8rage on p-Anisidine Value (%) of Cashew's QOil

Storage time (month)
Anisidine 1 2 3 4 5 6 7 8 9 10
a ab abc bc cd e g, h,
0.47+.01 0.51+.00 0.54+.01 0.62+.01 0.66+.01 dA 0.91+.02 iB 1.94+.06 2.31+.01
C c c c B B 0.75+.02 A 1.37+.07 B B
a ab ab bc c,B d, T, g,
0.87+.02 0.91+.01 abF 1.04+.02 1.09+.02 1.30+.08 1.67+.09 eD 2.55+.01 3.58+.09
URC E D 0.92+.02 c D c D 1.93+.07 c D
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8 Fahed Albaz & Maher Al-dabbas

Table 3: Contd.,

a d,C e , n,
0.70£.02 aD aE bC cE | 14904 1.87+.03 fE | 3.17x07g | 4.02+.04
RCC-G D 0.81£.01 0.84:.00 1.03+.07 1.23+.01 D E 2.50+.05 D E
a ab d, f, 9,
0.84:01 | 1.03+.07 b G cD oF cD | 1.95:02 e | 390£12 | 5.58+06
RCC-G+S 1.12+.02 1.39+.02 1.51+.02 1.60+.02 2.73+.11
E E E E F
a d, T, g,
0.15+.01 aA ab.A b.A CA CA 0.78+.02 e A 1.16+.07 1.29+.05
RCC-G-BHT A 0.21+.01 0.25+.00 0.37+.01 0.50+.02 0.62+.01 A 0.92+.03 A A
a d,B e 7,C g, h,
0.26+.00 aB bD cC dE | 1.25+02 1.45:.04 | 1.75+.04 2.01£04 | 2.16+07
RCC-G-Rose B 0.36£.01 0.70+£.00 0.98+.01 1.18+.03 c c D B B
a an C, , f,
RCC-G-BHT- | 0.28+01 | 0.32+01 aB bB bC cB | 1.25:.00 c | 1.91x05e | 2.90+.08
B B 0.46.00 0.70+.01 0.84.01 1.06+.13 B 1.63+.02d B c
Rose

Each value represents the mean of duplicate + $ierbnt superscript (a,b,c,d,e,f,g,h and i) wittiile same row is
significantly different (R0.05). Different superscript with Latin number (A®BD,E,F and G) within the same column
is significantly different (R0.05).

Table (3) presents the changes of p-Anisidine vgh#¢/) of cashew oil extract as a function of sgeaime. In
general, thepAV of the seven cashew samples inerafightly during the first six months of storageeh they
considerably increased until the end of storage timthe 10th months. Riveroset al (2012) found faVof peanut
coated with different edible coatings (carboxyméttsilulose, methyl cellulose or whey protein) digristorage at 40 °C
(Riveros, Mestrallet et al. 2013).The results alsows that cashew coated with Arabic gum mixed BIf#T or rosemary
or both (RCC-G-BHT, RCC-G-Rose and RCC-G-BHT-Rasghificantly had a higher pAV compared with Aralgiam
coated cashew oil extract alone (Table (3)). Ate¢he of ten month of storage, BHT-Arabic gum caslteat had the
lowest pAV of 1.29 followed by cashew containingxtare of BHT and rosemary (2.16) then the one doimntg only
rosemary (2.9). Although BHT had higher antioxidaiticacy than all other samples, rosemary coaftiweg also
considerable antioxidant efficacy when comparedh wantrol sample (RCC-G). As in the case of PV, @ascontaining
salt had significantly higher pAV at 9th and 10tlenths of storage (3.9 and 5.58, respectively) @lhther samples.
Furthermore, raw cashews (C) had significantly lopAV of 2.31 than uncoated roasted cashews (UREH8 which
may indicate that roasting may increase pAV. Thaasting had negative effect on oxidative stabitifycashew, which
agreed withShafiei et alstudy on estimating théibta of hazelnuts using accelerated shelf-lifstieg. Roasting without

coating of hazelnuts increases the pAV and PV &\(8hafiei, Ghorbani et al. 2020).

The highest pAV value in Table (3)is less than th#&t is much lower than the acceptable quality ddiesh of
pAV, which should be less than 10 (Talbot 2016)sTimeans that all prepared sample were stable wieedsat room

temperature and under the condition of storage.
3.4. Effect of Roasting, Coating, Salting and Stoge on Totox Value (%) of Cashew’s Oill

Totox value measured both primary and secondargiymts (PV and pAV) of oil and fat oxidation. Aftéarmation of
primary products, some of these products are oxitlifurther and split to give secondary producte lédtdehydes or
ketons. Table (4) presents the changes in totaxeval the 7 cashew samples during 10 month of ggorfauring the first
five months of storage, the totoxvalue of all sagspincreased slightly then the difference betwesmpdes starts to

increase until the end of storage time.
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Table 4: Effect of Roasting, Coating, Salting and t8rage on Totox Value (%) of Cashew's Qil

Storage time (month)
Toto
N 1 2 3 4 5 6 7 8 9 10
a, bc, bed cd de,A eA
1.06£.03 ab,C 1.71+.02 1.88+.02 2.04+.00 2.32+.06 2.66+.04 f,B 9,B 2h,B
C A 1.49+.02 B B B B B 3.22+.09 4.40+.29 5.09+.2
a bc. g, h,
1.66+.19 ab,D 2.53+.03 c,D c,D d,D e,C f,F 10.27+.31 13.59+.16
URC B 1.85+.01 E 2.82+.05 3.00+.07 3.89+.012 5.66+.42 7.54+.20 D E
a, ab h,
1.45+.05 ab,D 1.97+.03 bc,C c,C d,D e,C f,E g,D 12.22+.15
RCC-G B 1.72+.00 D 2.26+.10 2.70+.07 3.59+.20 4.99+.16 6.94+.18 9.91+.44 D
; bc. g, n, .
RCC- 1.71+.03a ab,C 2.42+.01 cd,D d,E eE f,E 10.92+.12 15.82+.34 i,F
Ges B 2.04+.08 E 2.96+.04 3.30+.04 4.46+.18 7.09+.22 G E 20.26+.30
+S
a, cd
RCC-G- 0.99+.02 a,A b,A C,A 1.80+.03 d,A e A f,A g,A h,A
BHT A 1.15+.03 1.42+.04 1.64+.05 A 1.97+.01 2.20+.05 2.46+.03 2.99+.02 3.46+.1
a, cd
RCC-G- 1.05+.05 a,B b,C be,C 2.62+.05 de,C eB f,D g,C h,C
R A 1.31+.01 1.82+.04 2.30+.02 [ 2.94+.05 3.43+.16 4.86+.16 6.73+.31 8.61+.05
0S¢
RCC-G- a, ab,A bc, cd,A .
1.01+.02 1.24+.00 1.44+.01 1.83+.02 d,B e,BC f,.B g,C h,C i,C
BHT- A B A B 2.17+.08 2.72+.18 3.20+.13 4.31+.01 5.84+.19 8.18+.10
Ros¢

Each value represents the mean of duplicate + $ierbnt superscript (a,b,c,d,e,f,g,h and i) wittiile same row is
significantly different (R0.05). Different superscript with Latin number (A®BD, E,F and G) within the same column
is significantly different (R0.05)

Table (4) shows that BHT coated sample (RCC-G-BHhdJ totox values of 2.46, 2.99 and 3.46 in the 8th,
10th months, respectively which were significaitiyer than all other samples. Since raw cashewn&) not exposed to
heat treatment, it had a totox value lower tharotreated samples, except BHT containing sampBOd&-BHT). In the
last two months, RCC-G-Rose and RCC-G-BHT-Roseahadox value (6.73 and 8.61for RCC-G-Rose and &rg@b8.18
for RCC-G-BHT-Rose respectively) significantly lomtéan control sample (RCC-G) of 12.22.

Roasted uncoated sample (URC) had a totox valudfisantly greater than raw sample (C) during afi storage
months, which lead to a conclusion that heat o$ting lead to increase in the primary and secondgigation products.
For salt containing coat of cashew (RCC-G+S), tatalwie was significantly greater than all other gba®s from the 5thto
the 10th month. The comparison between roastedated@nd Arabic gum coating cashew shows that Arginin coating
sample was significantly lower than roasted unaba@mple with 13.59 at the end of storage time winiclicate that
hydrocolloid like Arabic gumis effective in prevamy oxidation. This result agreed with work of Wamd et al. that
samples containing carboxymethyl cellulose had drigixidative stability index (OSI) compared withntwl, whey and
ziencorn protein (Wambura, Yang et al. 2008). Alsee and Krochta (2002) studied whey protein afg@anuts using
head space gas chromatography at 40,50 and 6@f&ysttemperature for 31 weeks, and found that vanetein coated
samples were significantly oxidized slower thanaated roasted ones (Lee and Krochta 2002).In anstbdy,Han et al.
also studied roasted and whey protein coated peaittutaddition of tocopherols and ascorbic palneitas antioxidants
during 16 weeks at 25 °C by measuring hexanal dhdrwolatiles using GC-MS as lipid oxidation inalior, and they
observe that the formation of hexanal from the ati@h of peanut lipids was reduced by whey protmatings (Han,
Hwang et al. 2008). Wambura et al showed that gsaroated with carboxymethylcellulose and natungiloxidant from

pomegranate improved the oxidative stability ofsted peanuts during storage (Wambura, Yang e0aD)2

The results in Table 1- 4 indicated that cashewlbad storage time with low oxidation indices suhFFA%,
PV, pVA and totox. This long stable storage timaildobe related to the abundance of tocopheroljcgaliid, alkyl

phenols (anacardic acids), hydroxy alkyl phenold another natural antioxidant in raw and roasteshea (Goémez-
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Caravaca, Verardo et al. 2010, Vinson and Cai 20¥#)son and Cai reported that roasted cashew hadhighest
antioxidant efficacy among nuts, which was provgdieasuring the IC50 (The concentration to inhilvé oxidation by
50%) that decrease in the following order: almondacadamia = pecan = peanut butter crunchy > pdaritér creamy >
peanut > pistachio > hazelnut = walnut > Brazilasteew. Roasting of cashew was found to increaseffloacy while
roasting of the other nuts caused significant declin their efficacy. Chandrasekara and Shahiddotimat high
temperature/short time roasting enhance antioxid#fitacy of cashew nuts because of the effectigh temperature of
roasting (130 °C for 33 min) on oxidation activitych as the 1,1-diphenyl-2-picrylhydrazyl (DPPHical scavenging
capacity, oxygen radical absorbance capacity, hydimradical scavenging capacity, trolox equivalantioxidant activity,

and reducing power (Chandrasekara and Shahidi 2011)

Gobmez-Caravaca used chromatographic techniquedetermination antioxidant compound in raw and mdst
cashew oil obtained by cold pressed extractionfandd that anacardic acids were the major alkylnphe contained in
both oils followed by cardol, cardanol and 2-methytiol compounds. Raw and roasted oils did not stiferent
compositions except for cardanols. The oil producech roasted cashew nut was found to contain mighacentration of
cardanols than raw oil. Furthermore, raw cashew faasd to contain 171.48 mg/100g tocopherol congbavigh 29.56
mg/100g in roasted cashew due to reductiof-iacopherol. Also, minor polar compounds in caslowdecreased as a
result of roasting from 346.52 to 262.83 mg/kg (@arCaravaca, Verardo et al. 2010). Another stughpnted that
cashew contains alkyl phenols as the principaloaittant such as 8.68 mg/100g Proanthocyanidins1a®8 mg/100g
flavonoids as well as phytochemicals such asug2.00g carotenoids, 0.9mg/10Ggtocopherol, 0.03 mg/100§-
tocopherol and 5.31 mg/10G@gocopherol(Lopez-Uriarte, Bullé et al. 2009). Alese antioxidant compounds work in
synergy with other components of cashew nuts taecd antioxidant activities, which lead to prolasigrage time of

cashews.
CONCLUSIONS

Generally, cashew nuts reveal high oxidation stglithat may prolong for more than ten months, liseaof its content of
natural antioxidant in addition tobioactive congtitts. FFA% of raw cashew has the highest levepemed with roasted,
coated and salted cashew nuts when stored at mraperature. Salting of cashew nuts has destrueffeet on cashew as
reflected by peroxide value, p-anisidine value totdx value, which give indicated enhancement abxidation process
and decrease oxidative stability and shelf lifecathew. Roasting of cashew reduce hydrolytic ratycahd oxidative
stability of cashew nuts as reflected by FFA%, giEl®, p-anisidine and totox values. Arabic gum edatashew
immersed with 100 ppm BHT has the efficient antilaxit effect, but its use is questionable. In spiteffectiveness of
addition of rosemary extract (150ppm) as naturéibaitlant and extending the shelf life of casheve antagonistic effect
between rosemary and BHT increase peroxide, peinésand totox levels.
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Table 5
Abbreviation Abbreviation Caption
Ab Absorbance of the fat solution
As Absorbance of the fat solution after reactiothwihep-anisidine reagent
ANOVA Analysis of variance
AG Arabic gum
AOAC Association of official analytical chemists
BHA Butylated hydroxyanisole
BHT Butylated hydroxytoluene
CMC Carboxymethyl cellulose
C Raw cashew
°C Degree Celsius
CP Coating percentage
DPPH 1,1-diphenyl-2-picrylhydrazyl
FA Fatty acids
FFA Free fatty acids
g Gram
IUPAC International union of pure and applied chetmyi
Kg Kilo gram
Kj Kilo joul
LDL Low density lipoproteins
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Table 5: Contd.,

LSD Least significant difference
MC Methyl cellulose
meqQ/kg Milliequivalents of active oxygen per kilograwh oil
min Minute
mg/kg Milligram per kilogram
NaCl Sodium cloride
NFE Nitrogen-free extract
ORAC Oxygen radical absorbance capacity
pAV Para- Anisidine value
PG Propyl gallate
PV Peroxide value
PUFA polyunsaturated fatty acid
RCC-G coated cashew with Arabic gum
RCC-G-BHT | roasted and coated cashew with Arabic gnch150 ppm BHT
RCC-G- roasted and coated cashew nuts with Arabic guni&fdcpm BHT and
BHT-Rose | 150 ppm rosemary commercial extract
RCC-G-Rose roasted a.nd coated cashew nuts with Arabic gunl&Adpm rosemary
commercial extract
RP Roasted peanut
rpm Round per minutes
RT Room temperature
SAS Statistical analysis software
SD Standard deviation
TEAC Trolox equivalent antioxidant activity
TG Triglycerides
TV Totox value(2PV + pAV)
URC uncoated roasted cashew
USFA Unsaturated fatty acids
VLDL Very low-density lipoprotein
W Mass of cashew nuts oil in grams
WPI Whey protein isolate
wiv Weight per Volume
% Percent
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