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ABSTRACT

Fresh mother Turmeric rhizomes of NCI 14 varietyenandomly harvested and processed into turmesiogers.,
The turmeric samples were oven dried at differemperatures of 5G, 60C and 70C. The packaging materials
used were polyethylene, polypropylene and transpagkass bottles. Samples were stored at room teahpe of
27+2.0 while storage period lasted for 6 weekse&eld physico-chemical analyses (moisture, pH athakionetric
absorbance) were determined at 2 weeks interva.r€bults revealed that drying turmeric atGp60C and 70C
and with the mentioned packaging materials mairgditheir qualities in terms of pH and absorbanckisTstudy
recommends 4 weeks storage period for the packagpdrimental samples under ambient conditions. tdi@s
contents were found to significantly increase atvéeks storage period under room temperature. Iregeia
moisture may cause spoilage due to microbes asafssterage extend.
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INTRODUCTION

Curcuma Longa Linrfcommonly called turmeric) has been used for a@gun medicine and foods. They have
also been used as traditional remedies such asiaribial and antioxidant agents [1]. Turmeric &ive to tropical
South Asia but is now widely cultivated in the mangpical and subtropical regions of the world [Zhe deep
orange-yellow powder of turmeric is largely premhfeom dried rhizomes of the plant and has beerd use
medicine and food.

Turmeric is an important economic crop cultivated ifs underground rhizomes which are widely usedirugs,
cosmetic industries, condiments, curry stuffs anceligious and auspicious occasions. It has beslitionally used
in indigenous herbal medicines due to its biololgadivities. Due to its easy digestibility, turnehas been used in
industry to prepare special food and children'sdfoolurmeric has long been known in India and mather
countries as an important dietary source in additmtheir use in traditional medicine for woundaleg to cure
inflammation and stomach acidity [3][4][5].

In the production of turmeric powder, the rhizonage ground to approximately 60-80 mesh particle.s&nce
curcumoids, the colour constituents of turmerictederate with light and to a lesser extent, untleat and
oxidative conditions, it is important that grounatrheric be packed in a UV protective packaging neteind

appropriately stored [6]. Turmeric powder is a mapgredient in curry powders and pastes. In thoa findustry, it

is mostly used to colour and flavour mustard. klso used in chicken bouillon and soups, saugasjgs, and dry
seasonings. Recently the powder has also beenagsadolorant in cereals [7]. Unlike in India whére rhizomes
involve washing, peeling, boiling, blanching befalrgying and milling into powder, we locally produttee powder
in Nigeria without passing through processes ligelimg, boiling and bleaching [8].

The phenolic curcuminoid are largely responsibletifie@ yellow —orange colour of turmeric powder dmdwnish
yellow colour of turmeric oleoresin which gives ellpwish colour on about 10% aqueous dilution. Ghalities of
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turmeric rhizomes for food and medicinal uses aeld directly on the content of the curcuminoids aslatile olil
[9]. Turmeric rhizomes are exposed to a varietgafditions during processing, packaging and storage some of
these may have detrimental effects on the stalufityie active constituents and consequently oin thelity. Some
factors affecting the stability of active constitige of turmeric have previously been investigatgé@][fL1]. The
content of active constituents could be affectecebyironmental factors such as temperature, pHt,lignoisture
and air [12-18].

Presently, The National Root Crops Research Itstitumudike, Abia State, Nigeria is involved in @agomic

production of turmeric genotypes and their disttiitru to local farmers for multiplication and farnatg processing.
Studies need to be carried out on the quality & é¢md products during/after processing and tharage

behaviours. The objective of this work is to caogyt studies on the possible short term storagecteffie some
chemical properties of locally processed turmeadwger in South-eastern Nigeria

MATERIALS AND METHODS

2.1 Source of materials:Raw rhizomes of turmeric variety NCI 14 were sodréeshly from experimental field
trial of Other Root Crops Programme of National R8mops Research Institute, Umudike, Abia StatgeNa.

2.2 Processing of turmeric rhizomes into powderThe method described by [9] was used. The methaahviad
sorting, washing, and particle size reduction bygitudinal splitting, drying, milling and sieving.he turmeric
samples were dried with the aid of an electric owdodel: N50C with serial number Y3J039; 240 A.CIg¢p50Hz,
0.75 Kw load and 3amps (GENLAB, WIDNES, ENGLANDDPrying temperatures for the different experimental
treatments were 50, 60C and 70C. Parameters studied during storage were moispiieand colorimetric
absorbance at 0.1 and 0.25% concentrations.

2.3 Turmeric Powder Storage: Materials used for storage were sealed transpdosntdensity polyethylene
(LDPE), opaque polypropylene and transparent glasitle. About 200g sample each was stored at room
temperature (25°C #2) in a cool dark cupboard wichgunlight. Duration of storage was six weeks @nge of
analyses was at two weeks intervals.

2.4 Liquid Extracts of Turmeric Powder : The method described by [9] was used. Hot wakéraction (100°C,
pH 7.2) was used to dissolve the powder and allowerbol till ambient temperature and neutral pH°@ +2°C,
pH 7.0). The solution was filtered usingrauslincloth.

2.5 Turmeric powder moisture content determination:The method of [19] was used. The amount of watendo

in a food sample is influenced by the type of foage or maturity, variety and geographical locatibime moisture
content determination gives an indication of theoant of water found in the food substance and suggests the
keeping characteristics of such foods. A clean hiewypetri dish was placed in an oven and drieB0&€C for about
30 minutes, cooled in a dessicator and weigheg).(About 2g of each turmeric sample was weighed the petri
dish and re-weighed (b). The Petri dish with thengi@ was dried to a constant weight (c) at 70°Ce Th
determination for each sample was done in tripticat

Calculation:

W, = Weight of moisture can

b = Weight of moisture can + sample

¢ = weight of moisture can + dried sample
b - ¢ = Weight of dried sample

b - W = Weight of wet sample

b-w

% Moisture content (MC) =b —-c x 100

2.6 Determination of pH of Turmeric Powder: pH was determined using a Jenway 3015 pH matedescribed
by [19]. The procedure involved preparing 10% w#gension of the sample in distilled water. This waixed
thoroughly in a waring micro-blender and coolecheTpH of triplicate determinations were read sewbrded.

2.7 Determination of Colorimetric Absorbance :Colorimetricabsorbance readings (in triplicates) were donk wit

the aid of a UV/visible colorimeter (Jenway 640%gknd) as described by [19]. A 1cm cuvette wasl dse the
colorimetric analysis to the dilute coloured liqeixitracts of the turmeric samples at 420nm wavéfeng
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2.8 Statistical analysisReplicated data collected were subjected to arsbfsvariance (ANOVA) using Statistical

Analytical System (SAS) software, version 8. Meapaations were done using Fischer LSD at 0.05%atnitty
[20].

RESULTS AND DISCUSSION

Table 1 shows pre- storage analysis of selectetityjparameters of turmeric powder samples. Moistoontent
ranged from 5.96 — 6.15%; pH 6.83-7.12; colorintetabsorbance at 0.1% concentration 0.39-0.50% and
colorimetric absorbance at 0.25% 0.90-1.17%. Moisttontent were generally low and showed no sicgnifi

difference (p>0.05) among the samples. Moisturgertis were within recommended standard by Indiamdzrd
Institute [21]

Table 1: Pre- storage analysis of selected qualiparameters of turmeric powder samples

Temperature(cC)  Moisture (%) pH Absorbance (0.1%) Absorbance (25%)

50-C 6.00a 7.10a 0.50a 1.17a

60-C 5.95a 7.12a 0.39c 0.83c

70-C 6.15a 6.83b 0.46b 0.90b
LSD at 0.05% 1.09 0.04 0.03 0.05

Mean values down the columns with the same ledtersot significantly different (P>0.05) Key:
(i) D50= Sample produced by drying at'6Q(ii) D60= Sample produced by drying at60
(iii) D70= Sample produced by drying at @(iv) Low density polyethylene (LDPE)
(v) Opaque polypropylene and (vi) Transparent glasttle

The p H values were near neutral pH of 7 leveldevAbsorbance was highest in turmeric producedripiyngl at
50C. However, there was a significant difference (880 in the colorimetric absorbance of the turmeamples
produced by drying at different temperatures.

Table 2 shows the effect of storage on the moistorgents of packaged turmeric powder samples.dJséeat,
sealed Low density polyethylene (LDPE) bags, moéstontents of samples produced by drying &€ %@as lowest
at week zero (6.00%) and highest at 6 weeks stqgraged (14.40%). There was no significant differerfp>0.05)
in the moisture contents of turmeric powder samptesed for 2 and 4 weeks. Drying turmeric powdengles at
60'C showed that moisture was lowest week zero (5.969d) highest at 6 weeks storage period (15.00%greTh
was no significant difference (p>0.05) in the mist contents of turmeric powder samples stored2f@nd 4
weeks. Drying turmeric powder samples aiC76howed that moisture was lowest a week zero ¥%6)Xnd highest
at 6 weeks storage period (14.30%). There wasrdfis@nt difference (p<0.05) in the moisture coriteof turmeric
powder samples stored at different periods. Drigdhéric powder at 5C, packaged with a plastic bottle (PB)
showed that moisture content was lowest at zerdk We®0%) and highest at 6 weeks (14.50%). There ava
significant difference (p<0.05) in the moisture t@oris of turmeric samples stored at different pkyio Drying

turmeric powder samples at ‘@0showed that moisture was lowest at week zerd¥)9%nd highest at 6 weeks
storage period (13.80%).

Table 2: Effect of storage on the moisture conterdf the packaged turmeric powder samples

LDPE PB GB
Storage
Period (weeks) D50 D60 D70 D50 D60 D70 D50 D60 D70
0 6.00c 5.96c 6.15d 6.00d 5.95d 6.15d 6.00c 5.95d 5c6.1
2 9.80b 9.41b 8.73b 9.77b 9.47c 8.45¢c 9.25b 7.75c 99.4
4 10.10b 10.1b 7.15¢  8.30c 9.95b  9.45b 9.95b  10.00b60b9
6 14.40a 15.0a 14.3a 14.50a 13.80a 13.70a 14.00a 5414.02.70a

LSD at 0.05% 0.97 094 0.29 1.00 0.10 0.10 094 30.0 0.21
Mean values down the columns with the same ledtersot significantly different (P>0.05) Key:
(i) D50= Sample produced by drying at'69 (ii) D60= Sample produced by drying at'60
(iii) D70= Sample produced by drying at @) (iv) Low density polyethylene (LDPE)
(v) Opaque polypropylene and (vi) Transparent glasttle

There was a significant difference (p<0.05) in theisture contents of turmeric samples stored &trdift periods.
Moisture contents of turmeric samples producedryind at 70C were lowest at zero week (6.15%) and highest at
6 weeks storage period (13.70%). There was a gignif difference (p<0.05) in the moisture contesftsurmeric
samples stored at different periods. Drying turmgrowder samples at ) packaged with glass bottles (GB)
showed that moisture content was lowest at wee @&00%) and highest a 6 weeks (14.00%) storagece
There was no significant difference (p>0.05) in theisture contents of turmeric powder samples dtate2 and 4
weeks. Drying turmeric powder at ‘@showed that moisture was lowest a zero week %)%nd highest at 6
weeks storage period (14.05%). There was a sigmificlifference (p<0.05) in the moisture contentgunieric
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powder samples stored at different periods.Moistmeatents of turmeric powder samples produced lingrat
70C was lowest at week zero (6.15%) and highest weéks storage period (12.70%). There was no sogmifi
difference (p>0.05) in the moisture contents ofrteric powder samples stored at different periodsisire
contents of turmeric powder samples dried at diffietemperatures, packaged with different matesals stored
for 2 and 4 weeks were within the recommended watiel0% [9]. Fresh turmeric rhizomes is a semrigbable
crop commodity with moisture content > 55%. A mantiim of 10% moisture content is required for turmeric
powder prior to large scale storage by agro-entregurs or industries [21]. The observed increasmoisture
contents as storage weeks increased is in linethétprevious findings of [22] in a work titled thentent of active
constituents of stored sliced and powdered preipaiabf turmeric rhizomes and zeodary (bulb anddil. In the
study, moisture contents of turmeric and zeodamb(land finger) rhizomes increased with increasitugage time.
Increase in moisture content of turmeric powder m@yas a result of its high total surface arearasdlting high
capacity to absorb water [22].

Table 3 shows the effect of storage on pH of pge#laurmeric samples. Using LDPE, pH of samplesigced by
drying at 50C was lowest at 4 weeks storage period (4.72) agtikht at week zero (7.10). There was no significan
difference (p>0.05) in the pH of turmeric samplesed for 4 and 6 weeks. Drying turmeric powde8@€ showed
that pH was lowest at week 6 (4.37) storage pednd highest at week zero (7.12). There was a signif
difference (p<0.05) in the pH of turmeric samplésred at different periods. Drying turmeric powdsr 70C
showed that pH was highest at zero week (6.83)@meést at 6 weeks storage period (3.06). Thereansignificant
difference (p<0.05) in the pH of turmeric powdemgédes stored at different periods. Decrease in pktaredgari
packaged with low LDPE was also observed by [28Fnfentation or microbial activity might cause irage in
acidity potential.

Packaged samples with plastic bottle (PB); pH aifgas produced by drying at ®Dwas lowest at 4 weeks storage
period (4.53) and highest a 2 weeks (7.10). Theme mo significant difference (p>0.05) in the phtwfmeric
sample produced at zero week and that stored feeeks. At 60C drying temperature, pH was lowest at 6 weeks
storage period (4.45) and highest at week zero Zamdeeks storage period (7.12). There was no sgifi
difference (p>0.05) in the pH of turmeric samplesed at 2 weeks storage period and that produceeek zero.
pH of turmeric samples produced by drying atC7vas lowest at 6 weeks storage period (4.5) agHelst at 2
weeks (7.30). There was no significant differerge0(05) pH of turmeric samples stored at 4 and ékaetorage
periods.

Table 3: Effect of storage on the pH of the packagketurmeric powder samples

LDPE PB GB

Storage
Period (weeks) 560C 60C 70C 50C 60C 70C 50C 60-C 70C

0 7.10a 7.12b 6.83a 7.10a 7.12a 6.83b 7.10b 7.15a 6.83a
2 6.84b 7.19a 493b 7.13a 7.12a 7.30a 7.37a 7.12a 6.19b
4 4.72c 4.66c 4.65c 4.53c 455c 4.59c 4.70c 4.52b 4.58c
6 4.75¢c 437d 3.06d 4.88b 4.45d 4.50c 4.75c 4.43c 4.52d

LSDat0.05% 010 003 005 010 003 021 014 40.0 0.04
Mean values down the columns with the same ledtersot significantly different (P>0.05)m Key:
(i) D50= Sample produced by drying at'6((ii) D60= Sample produced by drying at 60
(iif) D70= Sample produced by drying at @(iv) Low density polyethylene (LDPE)
(v) Opaque polypropylene and (vi) Transparent glasttle

Packaged samples with glass bottles (GB); pH afituic samples produced by drying atG@vas lowest at 4 week
storage period (4.70) and highest at 2 weeks (7.Bfgre was no significant difference (p>0.05) lve tph of
turmeric samples stored for 4 and 6 weeks. Dryimmeric powder at 6@ showed that pH was lowest at 6 weeks
storage period (4.43) and highest at zero weel$).7There was no significant difference (p>0.0b}he pH of
turmeric samples stored for 2 weeks and that prediwt week zero. The pH of turmeric samples praodiume
drying at 70C was lowest at 6 weeks (6.15%) and highest at weak storage period (6.83). The pH values were
within the acidic medium and this may help to pngathe keeping quality of the turmeric samplgsH is an
important physiological characteristic of a tisswbjch is related to the level of acidity/alkalinidlue to the release
or absorption of hydrogen ions [24].

Table 4 shows effect of storage on absorbancel8b @oncentration of turmeric powder in solutionsind) LDPE

as storage material, absorbance of samples prodiycddying at 50C was lowest at 2 weeks storage period (0.38)
and highest at week 6 (0.59). Drying turmeric pewdt 60C showed that colorimetric absorbance was highest a
week 6 storage period (0.62) and lowest at week ¢@139). There was no significant difference (©5).in the
absorbance of turmeric samples stored for 2 ancedksy Drying turmeric powder at @drying showed that
colorimetric absorbance was highest at 6 weekagtoperiod and lowest a 2 weeks (0.42). There wasgnificant
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difference (p>0.05) in the colorimetric absorbarmdeturmeric powder samples stored at 2, 4 weeks thatl
produced at week zero.

Packaged samples with plastic bottle (PB) showatl ¢dblorimetric absorbance of samples producedrigingl at
50C was lowest at 2 weeks storage period (0.39) &tteht at 6 weeks (0.69). There was no significifference
(p>0.05) in the absorbance of turmeric sample dtéoe 2 and 4 weeks. Drying turmeric powder atd®6howed
that colorimetric absorbance was highest at 4 westksage period (0.49) and lowest at week zero9j0.3
Colorimetric absorbance of turmeric samples produog drying at 7@C was lowest at 2 weeks storage period
(0.38) and highest at 6 weeks (0.54). There wagrdfisant difference (p<0.05) in the colorimetiabsorbance of
turmeric samples stored at different periods.

Table 4: Effect of storage on the spectrophotometziabsorbance at 0.10% concentration of the turmeripowder samples

LDPE PB GB
Storage period (week) D50 D60 D70 D50 D60 D70 D50 D60 D70
0 0.50ab 0.39c 0.46b 0.50b 0.39c 0.46b 0.50b 0.39c46ab.
2 0.38c 045b 042b 0.39c 0.45ab 0.38c 0.46b 0.50a49a0.
4 0.44bc 0.44b 0.45b 0.40c 0.49a 0.45b 0.42b 0.41bc43b0
6 0.59a 0.62a 0.54a 0.69a 0.44b 0.54a 0.66a 0.45aR9a 0.
LSD at 0.05% 0.10 0.03 0.05 0.10 0.04 0.05 0.10 50.0 0.04

Mean values down the columns with the same ledtersot significantly different (P>0.05)Key:
(i) D50= Sample produced by drying at'6Q(ii) D60= Sample produced by drying at60
(iii) D70= Sample produced by drying at @(iv) Low density polyethylene (LDPE)
(v) Opaque polypropylene and (vi) Transparent glasttle

Packaged samples with glass bottles (GB) showetdctilarimetric absorbance of turmeric samples peeduby
drying at 50C was lowest at week 4 storage period (0.42) agbdsit at 6 weeks (0.66). There was no significant
difference (p>0.05) in the colorimetric absorbanéd¢urmeric samples stored at 2, 4 weeks and tradyzed at
week zero. Drying turmeric powder at ‘60showed that colorimetric absorbance was lowesiestk zero (0.39)
and highest at 2 weeks storage period (0.50). @oédric absorbance of turmeric samples producedriging at
70°C was lowest at 4 weeks storage period (0.43) agtteht at 2 and 6 weeks (0.49).

Table 5 shows effect of storage on colorimetricoabance of 0.25% concentration of turmeric powdesadlution.
Using LDPE as storage material, absorbance of ssampbduced by drying at ®Dwas lowest at 6 weeks storage
period (0.54) and highest at week zero (1.17). @heas a significant difference (p<0.05) in the abaoce of
turmeric samples stored at different periods. Dyyturmeric powder at 68 showed that absorbance was lowest at
week 4 storage period (0.67) and highest at week @83). Drying turmeric powder at ‘T0drying showed that
colorimetric absorbance was lowest at 4 weeks gtopeeriod (0.52) and highest at week zero (0.9bgrd@ was a
significant difference (p<0.05) in the absorbantiomeric samples stored at different periods.

Packaged samples with plastic bottle (PB) showed tolorimetric absorbance of turmeric powder dasp
produced by drying at 50 was lowest at 6 weeks storage period (0.63) &tieht at week zero (1.17). There was
a significant difference (p<0.05) in the colorinetabsorbance of turmeric samples stored at difteperiods.
Drying turmeric powder at 60 showed that colorimetric absorbance was highte®tveeeks storage period (0.86)
and lowest at week 4 (0.73). There was a significhiference (p<0.05) in the absorbance of turmeamples
stored at different periods.

Table 5: Effect of storage on the spectrophotometziabsorbance at 0.25% concentration of the turmeripowder samples

LDPE PB GB
Storage period (week) D50 D60 D70 D50 D60 D70D D50 D60 D70
0 1.17a 0.83a 0.90a 1.17a 0.83ab 0.90a 1.17b 0.8380a0.
2 107b 08ab 0.70b 0.73b 0.86a 0.66c 0.70c 0.81a6d0.6
4 0.63c 0.67c 0.52d 0.67c 0.73c 0.52d 0.67c 0.68b 4c0.7
6 0.54d 0.7bc  0.65c 0.63d 0.80b 0.87b 1.85a 0.68b 2b0.8
LSD at 0.05% 004 010 0.03 0.05 0.04 0.03 0.06 40.0 0.04

Mean values down the columns with the same ledtersot significantly different (P>0.05)Key:
(i) D50= Sample produced by drying at'6((ii) D60= Sample produced by drying at 60
(iii) D70= Sample produced by drying at @(iv) Low density polyethylene (LDPE),
(v) Opaque polypropylene and (vi) Transparent glacttle

Colorimetric absorbance of turmeric powder samplexiuced by drying at 70 was lowest at 4 weeks storage
period (0.52) and highest at week zero (0.90). @heas a significant difference (p<0.05) in the abaoce of
turmeric samples stored at different periods.
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Packaged samples with glass bottles (GB); absoebahturmeric samples produced by drying aC5@as lowest
at week 4 storage period (0.67) and highest at week (1.85). There was a significant difference(p5) in the
absorbance of turmeric samples stored at diffepamtods. Drying of turmeric at 8D drying showed that
absorbance was lowest at weeks 4 and 6 (0.68) ighddi at week zero (0.83). There was no signifidéfference
(p>0.05) in the absorbance of turmeric samplesedtéor 2 weeks and that produced at week zero.orlDwdtric
absorbance of turmeric samples produced by dryif@& was lowest at 2 weeks storage period (0.43) ayfteht
week zero (0.90). There was a significant diffeeeifp<0.05) in the absorbance of turmeric samplesedtat
different periods. Values of colorimetric absorlbameported on tables 4 and 5 were within the vapresiously
reported by [8]. The yellow-orange colours (though darker in thesoddged at 50°C were stable across storage
periods. The stability may be attributed to thedecpH in the stored samples. Hot water may seciméx a better
extract media of the turmeric colour pigments axad water and alkaline pH could vary the colouhof Nigerian
turmeric rhizomes to red-brown coloration [9]. Thssin line with the report of [10] that Turmerigteactives, or
oleoresins, are obtained by solvent extractionhef powdered rhizome. The process yields about 18f %n
orange/red viscous liquid which, depending on thleent used for extraction and on the turmeric tgpd cultivar,
contains various proportions of the colouring mattkat is, the curcuminoids, the volatile oils wthiimpart the
flavour to the product, and non-volatile fatty aresinous materials. Curcuminoids, the colour ctunstits of
turmeric, deteriorate with light and to a lesseteak under heat and oxidative conditions [11]sitmportant that
ground turmeric be packed in an ultra violet (UW)tective packaging and appropriately stored.

CONCLUSION

Drying turmeric at 50°C, 60°C and 70°C during thieduction of turmeric powder and packaging mairgditheir
quality parameters in-terms of absorbance and pi¢. §tudy recommends 4 weeks storage periods foretic
powders dried at 50°C, 60°C and 70°C and with #ekpging materials used. The 4 weeks recommendattbim
the scope of this study was due to the signifiéatitease in moisture at 6 weeks storage periodsissnay cause
spoilage due to activity microbes as days of seedend. It is known that Curcumin is highly séwasito light and
alkaline pH, and is also degraded by heat and d&mkidants. It is therefore not easy to use odfprocesses and
products destined to long-term storage. It is réedess of commercial interest as a natural foddraot. More
research can be done to optimize the processesogatpwhich may help to improve on the turmeric ager
potential. Nigeria should consider parboiling turimehizomes before drying and conversion to pow8eiling the
rhizomes until soft gelatinizes the starch for arenaniform drying and to remove the fresh earthusd@lso,
boiling makes the colouring material to diffuse famnly through the rhizomes. However, the Indiastitute of
Spice Research, Calicut, Kerawa simply recommendmg in water for 45 minutes to 1 hour until forappears at
the surface and typical turmeric aroma is released.
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