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ABSTRACT

Chilgoza (Pinus gerardiana) is one of the pine rnartsong six species found in India which producélednuts.
Because of the traditional handling of this nutthpals, it lasts only for few weeks in the marketudies were
undertaken to compare the solar drying modes fgimdy of this nut and screen out the suitable paokagnaterial
for its storage. Extracted nuts were dried undeeéhsolar drying means like solar cabinet drier {BIZSUC), solar
tunnel drier (43-47"C) and open sun (18-”22). Solar tunnel drier was found to be best dryingde for drying
quality nuts as compare to the others. So, nutddn this drier were packed in five different gaging materials
and stored under ambient conditions for six monffise some physico-chemical quality characterisliks a,
(0.208), oil (49.1%) total carbohydrates ( 24.9%hd proteins ( 11.8%) and sensory quality attrilsutef packed
nuts were retained better in glass jars closeljofged by aluminum laminate pouch after six mouthstorage as
compared to others. Solar tunnel drier was the kdegng mode and glass jar as well as aluminumiteate pouch
were the best materials for packaging and storage
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INTRODUCTION

There is about 20.64 % area under forest in Indiares various species of trees are found dependiog alimatic
conditions. There are about 29 species of pine lwpioduce edible nuts those are utilized by indigesntribal
cultures in the world. However, in India, out ok sipecies of pineRinus gerardianais the only species which
produces edible and highly nutritious n[its This species is distributed not only in Indiat also in Afghanistan,
Tibet, Baluchistan (Pakistaf2,3] between 2000 and 3350 m elevation [4,5]. India it is distributed only in
Himachal Pradesh (Kinnaur and Chamba Districts), Jmammu and Kashmir.

Chilgoza is a small to medium sized evergreen pire with short and horizontal branches formingese tof
compact habit. As a timber tree, it is of littlegortance but its seeds or nuts are edible whishgot an economic
importance. The edible nuts are highly nutritiows/ihg carminative, stimulant and expectorant proger Its
kernels are rich source of oil, proteins and caydodtes with no cholesterol like other edible pings [6].

This is the only pine which is of immense sociakgiry importance because most of the tribalsSiofiaur district
of Himachal Pradesh (HP) depend on the income fromits of this pine tree. Tribals have got the tsglo harvest
the seeds/ nuts from this pine tree for their Ihabd. This also forms an important part of theatcs well as for
various social obligations. Tribals handle thispctoaditionally by adopting the age old practicdtef harvesting
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the cone and extraction of nuts from the cones 8wlytheir produce to the local traders immediaigithout

drying. Some unsold proportion of the nuts is slarethe traditional stores for later selling aslives for social
obligations. Nuts in the market as well as in tifsglitional stores have short shelf life assult of oxidative
rancidity; attack by storage fungi and by nut borétence, drying is the foremost step to extendsthef life of

chilgoza nuts. It is well known that drying pret®postharvest losses of nuts by inhibiting furagaivity, prevents
insect damage and improves chemical and physiehilisy of food [7]. Although efforts have been deato

standardize the pre-drying treatment of chilgoza[6lbut no efforts have been made so far to find suitable
drying mode and packaging material for packing stodage of dried chilgoza nuts. No literature o plackaging
and storage of chilgoza nuts is available. Thesgme studies were carried out for the first timeet@luate the
drying modes and suitable packaging material fekpging and storage of dried nuts.

MATERIALSAND METHODS

Mature green chilgoza cones were procured frondifierent villages of the Kinnaur district of HPrfoonducting
the present studies. Packaging and other mateeia procured from the local market of Solan t@fithe state.

Extraction and drying of nuts

Nuts were extracted from the cones as explainefyExtracted chilgoza nuts (1 kg) were subjediedrying in
sun (18-2012), solar tunnel drier (43-20), and solar cabinet drier( 46352) latter both manufactured locally by
M/S Surya Structural, Solan, HP. Nuts were driethese drying modes till their constant weighesBquality nuts
dried under certain drying mode were were setefidr storage studies.

Evaluation of packaging material for packing and storage of dried nuts

The best dried chilgoza nuts were packed in fifier@nt packagingnaterials like i) HDPE jar (, ii) glass jar
(Py), iii) polyethylene pouch, 93.9 gsmgjPiv) aluminium laminate pouch, 99.8 gsmy)Pv) thermofoam tray
wrapped with strech wrap film {Peach of 250 g capacity and stored at ambieanGnLtS) temperature for a period
of six months. The changes in various physico-chehdand sensory characteristics during storage werdied at
an interval of three months.

Physico-chemical characteristics of nuts:

The fresh as well as dried nuts were analyzed doious physico-chemical characteristics as perdstahmethods
of analysis. The random samples of 50 nuts eacfrexth and dried were selected to study theiiouarphysical
characteristics. The water activity,jaof the nuts was estimated with water activitgten (HygroLab 3 model)
from M/S Rotronic ag Switzerland. The colour otsiand kernel was compared with the colour chdriRayal
Horticultural Society, London. The chemical chaesistics such as reducing and total sugars of nuisre
estimated as per Nelson-Somogyi’'s method [8] amehpl sulphuric acid method was used to estimaedtal
carbohydrates. The proteins were analysed as pekdtvry’s method [9]. The moisture, oils, and fibreontent
were also estimated as per standard metfi@ls Nuts were evaluated for sensory quality by sEdni-trained
panelists on the basis of colour, texture, tastearerall acceptability on a 9 point Hedonic sq@dike extremly,
8-like very much, 7-like moderately, 6- like slight 5-neither like nor dislike, 4-dislike slightBxdislike
moderately, 2-dislike very much, 1-dislike extremgl0]. The experiments were replicated as mentiomedhe
respective tables. Statistical analysis of dataasfous parameters including physico-chemical atterstics was
carried out by CRD [11dnd sensory analysis by RBI2].

RESULTSAND DISCUSSION

Physico-chemical characterstics of fresh and dried chilgoza nuts

Table 1 shows the physico-chemical and sensoryactestics of fresh and dried chilgoza nuts. Tiseiali colour
was observed as brown 200D in fresh as well afrigd nuts. The average moisture agdoffresh nuts were
29.6+1.5% and 1.0, respectively. In the fresh nuilscentent was recorded as 6.9#45 % and proteins as
2.040.10%. Total carbohydrates, total sugars, andaiagisugars in the fresh nuts were found to be 8.02, 2.6+
0.09, 1.0+0.02 %, respectively. The fibres content in theesauts were 0.288.03 %, whereas, ash content was
0.4040.12 %.

The moisture and,awere observed as 6.8x20%, 0.16940.003, respectively in the dried nuts and quitégh
amount (49.4%.5%) of oil content was observed in the sanmuts. However, other constituents like proteins,
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total carbohydrates, total sugars and reducingrsugare observed as 12M85%, 24.5%.2%, 17.2+1.0% and
5.940.38 % , respectively in dried nuts. The fibreatent in the dried nuts was 1B82 %, whereas, ash content
was 2.76.09 %.

Sensory characteristics like colour, texture, tasté overall acceptability were observed as_ 1088, 5.70.10,
5.440.14 and 6.36.16, respectively in the freshly extracted nutexture and taste scores showed that they were
not much liked by the judges in the fresh form. andas, dried nuts scored higher for colour, textuaste and
overall acceptability as 7.9412, 7.4+0.13, 7.6+0.14,7.6%10, respectively.

Table 1 - Physico-chemical and sensory characteristicsof fresh and dried chilgoza nuts

Characteristics Fresh Dried
Mean+SE MeanSE

Physico-chemical

Colour Brown 200D Brown 200D
Moisture,% 29.64.5 6.8 0.2
Water activity 1.00 0.18240.003
Oils, % 6.940.45 49.44.5
Protiens,% 2.040.10 12.040.86
Total Carbohydrates,% 4.040.02 2454.2
Total sugars,% 2.640.09 17.24.0
Reducing sugars,% 1.040.02 5.940.38
Fibers,% 0.2840.03 1.840.02
Ash,% 0.40+0.12 2.740.09
*Sensory Characteristics, scores
Colour 7.840.18 7.540.12
Texture 5.740.10 7.440.13
Taste 5.440.14 7.640.14
OA 6.340.16 7.640.10

* Based on 9 point Hedonic scale (Nr of paneligiy, DA=Overall acceptability,

(n=3)

Table 2- Effect of different drying modes on chilgoza nut drying

Dryving Modes Drying Temperature Water Moisture  Defects Sensory quality
Time of drying activity %%
h modes, °C

Color Texture Taste OA

Solar Cabinet 128 46-52 0.208 74 01l 20 62 4.0 6.0
Drier oozed

out
Solar 160 4347 0.182 6.8 - 80 81 8.0 8.1
Tunnel drer
Sun 192 18-22 0.235 85 - 79 68 6.9 7.1
CD a5 - - 0.130 0.8 - 07 13 1.0 0.7

OA= Overall acceptability, *Based on 9 point Hedostale (Nr of panelist 10\n=4)
SE=Standard error of mean

Screening of drying modesfor drying of nuts

Among the various modes (Table 2) the time takesiryahe nuts (till their constant weight) rangeoinfi 128 to 192
h. It took minimum time (128 h) to dry the nutssolar cabinet drier and maximum (192 h) in Sthre moisture
content of nuts ranged between 6.8 and 8.2% lawtlest in solar tunnel drier. Similar trend wabserved in the
a, of the nuts dried in various modes. The data iblg@ show significant differences among the waionodes of
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drying of nuts for sensory quality scores of coldaexture, taste and overall acceptability of nlitse higher colour,
texture, taste and overall acceptability scoresnafs dried in tunnel drier showed its superioater other drying
modes. These observations indicate that dryingutsf at 43-4T for 160 h in solar tunnel drier had an advgeta
over the other modes that is of its low costrtler, all other methods had low sensory scords &ence rejected.

Packaging and storage of dried nuts

1. Chemical characteristics:

Moisture, a,and oil

During storage of 6 months, a significant increaseoisture content of nuts (Table 3) from theahtialues of 6.8
to 7.4 % was observed irrespective of any packpgiaterial. The minimum moisture content (6.9%jofs was
observed in the glass jar and aluminium lamipatéch and maximum in thermofoam tray (7.4%) dustayage.

A general increase in the moisture content of driats observed during storage is in agreement thighearlier
findings [13]. Increase in the moisture contentldobe due to the decomposition of oil content ie thuts.
However, changes in moisture content vary withpghekaging materials during storage. This might be @ the
differences in the level of moisture permeabilityspessed by the packaging material [14] and giasjinum
laminate pouch offered a better protective bamigainst moisture than thermo foam tray and polyetteypouch
[15]. Increase in moisture content of cashew radkpd in different packaging materials has alsmlreported.
Glass and plastic bottle offers a better barriegireg} moisture than polyethylene pouch during pairiga and
storage of dried cashew nuts in ambient storagditons [16]. The difference between packagiregemials may
be due to their thermal conductance properties twhitect the internal decomposition reactions ie froducts
during storage.

Table 3 - Effect of different packaging materials on the moisture, a,and oil content of dried chilgoza nutsduring storage

Treatment Package Days in storage
3 6 Mean Clo
P 7.0 7.3 7.0
P, 6.9 6.9 6.9 P=0.3
Moisture, P; 7.1 7.6 7.2 S=0.2
% Py 6.€ 7.C 6.C PxS=0.!
Ps 7.5 7.9 7.4
Mean 7.1 7.4
P, 0.235 0.285 0.234
P, 0.201 0.242 0.208 P=0.040
aw Ps 0.26( 0.30¢ 0.24¢ S=0.03f
Py 0.210 0.245 0.212 PxS=0.060
Ps 0.285 0.331 0.266
Mean 0.23¢ 0.28:
P, 49.2 48.5 49.0
P, 49.3 48.6 49.1 P=0.1
Oil, % 23 49.1 48.2 48.9 S=0.1
Py 49.3 48.5 49.1 PxS=0.2
Ps 49.1 47.7 48.7
Mean 49.2 48.3

P:- HDPE jar, P-glass jar, R-polyethylene pouch, sPaluminium laminate pouch
Ps- thermofoam tray, (n=3),.a= water activity, (n=3)
Initial values at the time of commencement of gferaMoisture=6.8%, &0.182,
Oils =49.4%

Significant increase in,aof the nuts during storage in the ambient cond#iondicates that it increased from an
intial values of 0.182 to 0.282. It was howeveseaved to be lowest (0.208) in the nuts packed saored in glass
jar closely followed by aluminium laminate pouchdaHDPE jar and maximum in the thermofoam tray §6)2
during storage.

A significant increase in theg,dound in the nuts during storage might be dueéhtoabsorption of moisture by the
nuts in the different packaging material. Althoubkre was increase if, @ the nuts in different packages during
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storage but it was within the limit for safe stge of edible nuts at,delow 0.53 at 25C for 6 months [17].
Dried foods are usually packaged and stored tp kgealue near to 0.3, where microbial, chemicalcbh@mical
and physical changes are minima [18]. Howevegryvalues between 0.3-0.4 in dried food containinghhoil
becomes susceptible to lipid oxidation. The mimmincrease in @of nuts packed in glass jar in the present
studies might be due to its better moistureibaas compared to other packages during storage.

With the passage of time in the storage measeiralllcontent of dried nuts (Table 4) decreasgditantly from
the intial values of 49.4 to 48.3% . However, tii@ximum content of measurable oils (49.1%) ofrtbes retained
in glass jar and aluminium laminate pouch and HpEEand minimum in thermofoam tray (48.7%).

Table 4 - Effect of different packaging materialson thetotal carbohydrates, reducing
and total sugars, proteinsand fibers of dried chilgoza nutsduring storage

Treatment Package Days in storage
3 6 Mean CDats%

Total Py 245 254 24.8

Carbohydrates, % P> 24.6 25.6 249 P=NS
P; 245 25.6 249 S=NS
Py 24t 252 24.¢ PxS=0.!
Ps 245 25.2 247
Mean 245 24.6

Reducing sugars, % R 6.0 7.1 6.4
P, 6.2 7.8 6.6 P=NS
Ps 6.1 7.1 6.4 S= NS¢
P 6.1 7.6 6.6 PxS=0.3
Ps 6.0 7.1 6.4
Mean 6.1 7.2

Total sugars, % R
P, 17.5 18.5 17.7 P= NS
P; 17.6 19.2 18.0 S=NS
Py 174 17.6 174 PxS=0.4
Ps 17.6 17.8 17.6
Mean 17.5 18.2

Proteins, % R 11.2 111 114
P, 11.8 11.6 11.8 P=0.3
Ps 11.3 10.6 11.3 S=0.1
Py 11.8 11.5 11.8 PxS=0.6
Ps 11.2 10.9 11.4
Mean 115 111

Fibres, % P 1.7 1.6 1.7
P 1.8 1.7 1.8 P=0.1
Ps 1.7 1.€ 1.7 S=N¢
P4 1.7 1.7 1.7 PxS=0.3
Ps 1.6 15 1.6
Mean 1.7 1.€

P.- HDPE jar, P.-glass jar, RB-polyethylene pouch, ;Paluminium laminate pouch
Ps- thermofoam tray, (n=3), Initial values at the cormoement of storage:
Total carbohydrates=24.5%, reducing sugars=5.9%altsugars=17.2%,

proteins=12.0%, fibres=1.8%

Carbohydrates, reducing sugars, total sugars, proteins and fibres

Table 4 reveals that there were non significanhglea with respect to total carbohydrates, redueing total sugars
content of the nuts during storage of six montHsoAo significant differences were observed amibiegdifferent
packages during storage of 6 months in the ambi@mditions.

During storage of six months a significant decreaseeasurable protein content of nuts from ialntvalues of
12.0 to 11.1 % was observed. However, the maxinagmtent of this attribute was retained in thesgjar and

1315
Scholars Research Library



N. S Thakur et al Arch. Appl. Sci. Res., 2012, 4 (3):1311-1319

aluminium laminate pouch and minimum in polyethgerouch (11.3%). No significant decrease in fitwetent in
the nuts was observed during storage but it deedesignificantlywhile comparing the packaging miteduring
storage. The maximum (1.8%) content of fibmedhie nuts were retained in glass jar followed lyménium
laminate pouch and minimum in thermofoam tray (1).6%

0 month storage

------- 3 month storage

6 month storage

Fig. 1 Effect of different packaging material on the sensory scoresfor color of
dried chilgozanuts.

Decrease in the measurable protein content in ukee pbserved during storage might be due to thicyation of

nitrogenous compounds in some chemical reactiommglistorage. However, minimum losses of measarabl

protein in the nuts packed in the glass jars anthi@ium laminate pouch might be due to the paréiton of lower
amount of nitrogenous compounds in chemical reastbecause of the better packaging conditionsrdaee in
the protein content of the chilgoza seeds in th®ua storage temperature conditions have also tegorted [19].
The negligible loss of fibres in glass jar andnaihium laminate pouch might have restricted theveosion of
fibres into sugars in the chemical reactions bexzafibetter packaging conditions during storage.

2. Sensory characteristics:

The changes in sensory attributes of the nuts guwtorage have been presented in the form of wealralins in Fig
1-4. No significant changes with respect to colstore were observed in the nuts in all the pge&aluring
storage of six months. However, significant deseean the scores of texture, flavour and overatiegtability of
the stored nuts were observerd during storagetuf@scores significantly decreased from the int&dlies of 7.6 to
7.2. Flavour scores decreased significantly fromittial values of 7.8 to 7.2 and overall accepitgiscores also
decreased significantly from the initial values78 to 7.2. However, the highest scores of texiutavour and
overall acceptability of the nuts packed in thesglgar closely followed by aluminium laminate pousiere
observed during storage.
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P5

= 0 month storage
------- 3 month storage

= = 6 month storage

Fig. 2 Effect of different packaging material on the sensory scoresfor texture of

dried chilgozanuts.

0 month storage

chilgozanuts.

> 6
vv ------- 3 month storage
‘ — = 6 month storage
N\

Fig.3 Effect of different packaging material on the sensory scoresfor taste of dried
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0 month storage

------- 3 month storage

6 month storage

Fig. 4 Effect of different packaging material on the sensory scoresfor overall
acceptability of dried chilgoza nuts during storage

The highest scores retained in the nuts packéukeiglass jar followed by aluminium laminate poueight be due
to the better texture retained during the storagihése packaging materials and not much losasie tand aroma
might be due to the lesser loss of fatty acids wuthe oxidation in these containers. Better ovexateptability
scores of nuts reflects the better quality retentiyg these packages in the nuts during storagereBse in texture
(crispness), taste, aroma scores in the walnutingl storage have been reported which might be tduthe
moisture absorption by nuts and oxidation of fatéclw affected their texture, taste and aromaPEDilm with
aluminium foil act as best package comparedtters for packing of walnut during storage [20,2],5ensory
quality of packed almond to be preserved betteeight months under ambient temperature conditianfilms
having better oxygen barrier properties [23]f the entry of light and oxygen to the pagk is prevented , it
reduces the preservation requirements and incteaseshelf life of the dried hazel nuts [24,2%,26

CONCLUSION

Solar tunnel drier was the best mode of dryinghofs on the basis of some physico-chemical amdosg
characteristics of dried chilgoza nuts, wheredésssgjar and aluminium laminate pouch were the paskaging
materials for the storage of nuts on the bakitheir better retention of physico-chemicatl @ensory attributes.
Aluminium laminate pouch is light weight and easy hhandle as compared to glass jar, hence it can be
recommended for the packaging of dried chilgoza onatconmmercial scale.
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