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Abstract: Greenamaranth (Amaranthus hybridus),
Scent leaf (Ocimum gratissmum), Basil lesf (Ocimum
basilicum), Bitter legf (Vernoniaamygdding) and Huted
pumpkin leaf (Telferiaoccidentais) were subjected
to sun-drying and freeze-drying. The Oilsextracted
from the pulverized samplesweredivided into two
portions, first portion anaysed for fatty acids com-
position while physicochemical propertieswerede-
termined on the second portion. On the average,
freeze-dried leaves oil contained 76.76% (range
64.99-88.26%) tota unsaturated acid whichwassig-
nificantly higher (P<0.05levd) than sun-dried leaves,
oil of total unsaturated acid 70.42% (range 58.19-
83.57%). Sun-dried leaves oil contained significantly
higher (P<0.05level) mean freefatty acid (FFA) and

mean peroxide value (PV) 2.03% (range 1.3+0.0-
2.6+0.1%); 5.13mg/g (range 3.6+0.1-6.8+0.1mg/g)
than freeze-dried |eaves oil of mean FFA and mean
PV 1.60% (range 1.0+0.0-2.5+0.1%); 4.05mg/g
(range 2.8+0.1-5.4+0.2mg/g) while freeze-dried
leaves ail had Sgnificantly higher (P<0.05level) mean
iodine value (IV) 122.2mg/g (range 105.0+0.0-
139.0+1.0mg/g) than sun-dried leaves oil of mean |V
113.5mg/g (range 97.0+£1.0-131.0+0.0). Of the dry-
ing methods, freeze-drying had significantly higher
(P<0.05 levd) percentageof unsaturation, higher IV,
lower FFA and lower PV than sun-drying. Hence,
freeze-drying would appear to be more promising.

K eywor ds: Sun-drying; Freeze-drying.

N\




ChemXpress2(1), 2013

49

ORIGINAL ARTICLE

INTRODUCTION

Vegesand fruitsoffer themost rapid and lowest
cost method of providing adequate suppliesof vita-
mins, mineras, cal cium and fiber to the peoplewho
livesin thetropics®. They have ahigh content of
water and abundance of cellulose. Thecdluloseisin
aform which although not digested, servesauseful
purposeintheintestine asroughages, thus promoting
normal elimination of waste product!*®. Green veg-
etables havelong been recognized>?® and morere-
cently! asthe cheapest and most abundant source of
protein duetoitsability to synthes zeamino acidsfrom
unlimited and readily avail ablematerid ssuch assun-
light, water, atmospheric nitrogen and carbon IV ox-
ide. Drying hasbeen used traditionally asamethod of
preserving leafy vegetablesin Nigeriaand other de-
veloping countries. Therationalefor dryingistore-
ducethemoisture content to alevel, which prolongs
shdf lifeduring storage, reduces col oni zation by mi-
croorganismsand asasource of food after rainy sea-
soni*3, Fruitsand vegetabl eswith high moisture con-
tent, provideafavourable condition for thegrowth of
mi cro-organisms, which lead to their spoilageand
wastage®®. Dryingisoneof themethodsof food pres-
ervation adopted in order to decreaselossesin qual-
ity and quantity, which will otherwise occur*. Two
processes occur during drying; the addition of heat
and removal of moisturefrom the food™. Sun-dry-
ing (open air) isthemost widely used method of dry-
ing agricultural producein most of the devel oping
countriesof thetropical region. It hasrisk of possible
contamination by microorganisms, lack of protection
from dust, infestation by insects, rodentsand thequal-
ity of the productsare seriously degraded and some-
times inedibl€9. Freeze drying takes place under
vacuum conditionsbelow the““triple point” (6.2 mbar
=4.6torr). Here, water will only be present intwo
phases:. ice and vapour. By adding energy to theice,
itwill sublimate (evaporate) directly into the vapour
phase?® and the afore-mentioned risk is totally
avoided. Leafy vegetables are known to be poor
sources of fat. Among the proximate compositions,
fat content representsthe lowest inthis category of
foods. Itisinfact unusud tofindlevelsof ether extract
exceeding 1.0% in fresh leafy vegetables, although

contents of dry samplecan rangefrom 1-30% whi ch\
iscomparatively lower than thefat content of veg-
etable seedd??. Extensive work has been done on
the proximate composition, minera content and anti-
nutrient content of sun-dried edibleleafy vegetable.
Littlework has been done on the effects of freeze-
drying on the parameters mentioned above. Thefo-
cusof the present research work wasto establishthe
effectsof both sun-drying and freeze-dryingonthe
physicochemical properties(FFA, PV, 1V, Saponifi-
cation value, Specific gravity and Refractiveindex)
and thefatty acids composition.

MATERIALSAND METHODS

Samplecollection

Vegetable samples used for the research were
purchased at Emure-llevillage market in Owo Lo-
ca Government Areaof Ondo State. Thestalkswere
removed and the leaves wererinsed with distilled
water and divided into two portions: thefirst portion
sun-dried and the other freeze-dried in Biochemis-
try Laboratory, Federal University of Technology,
Akure.

Samplepreparation

The preparation of the samplesfor andysisgen-
erdly involvesreductioninamount and S multaneous
reduction in particles zesand thorough mixing of the
product so that the portion used representsthe aver-
age composition of theentiremixture. The sun-dried
and thefreeze-dried vegetable sampleswere blended
separately using an e ectroni ¢ kenwood blending ma:
chine. Thesampleswereground to smdl uniform par-
ticlesof a40mm mesh sized sievetoaid analysisand
stored by transferring the granulated samplesto an
air tight and moi sture proof containers.

Massextractionwas carried out to obtain enough
oil for thephysicochemicd test. Thisinvolved thead-
dition of hexane (2.5litres) to each of the pulverized
samplesdescribed abovefor about 1 week. The hex-
aneturned yellowish dueto thedissol ution of theveg-
etableail. Thenthe solvent conssting the oil wasde-
canted and filtered to removeall the sediments. The
oil was separated from the solvent (hexane) using
smpledidtillation gpparatus.
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Analysis of the seed ails

The physico-chemica propertiesof thecrudeail
extracted viz: theacid va ue, sgponification vaue, per-
oxidevaue, iodinevalueand freefatty acid (asoleic
acid) were determined@.

Analysisof freefatty acid

5g of the homogenized oil wasweighed into a
500ml flask and 80ml of 2M KOH in water-ethanol.
(1:1) was added and refluxed for 45mins. Excess
thanol was boiled off and then cooled by adding 10ml
of water, Thehydrolysatewasthen acidified with 10M
H,SO, and the rel eased fatty acids were extracted
with petroleum spirit (3x30ml). TLC on asilica gel
and solvent mixtureof diethylether- petroleum spirit-
acetic acid (50:50:1) were used and spotted along
maker acids. UV visbleabsorbanceson Unicam-Uv-
visible spectrometry-vision soft wareV3-32 were
measured in ethanol. The ethanol wasmeasured on
nujol. Determinations were donein triplicate and
Anaysisof Variance (ANOVA) was carried out us-
ing SPSS (version 15). The means were separated
using Duncan’s Multiple Range Test (DMRT).

RESULTS

TABLES 1 & 3 clearly showed that the acid
vaue (AV) andthefreefatty acid (FFA) for the sun-
dried samples were significantly higher (at
P<0.05level) than that of the freeze-dried samples.
The sun-dried leaves had mean acid value 4.06mg/
g (range 2.6-5.3+0.1mg/g) which is significantly

higher than thefreeze-dried leavesof meanacid va ue\
3.19mg/g (range 2.1+0.0-5.0+0. 1mg/g). The FFA
was highestinsun-dried T. occidentalis (2.6+0.1%)
and lowest in freeze-dried O. gratissimum
(1.0+£0.0%). All the vegetable oils had high saponi-
fication va ues. The sgponification valuewhich mea
suresthe amount of alkali that isrequired to com-
binewith fatty acidsand thehydrolyzed estersusing
asolution of potassium hydroxidein alcohol was
found to have no significant difference when sun-
dried and when freeze-dried |eaves were anal yzed.
Therefore, both freeze-dried and sun-dried oil
samplesexhibited high saponification va uesranged
from 170.2+1.7mg/g in freeze-dried O. gratissmum
t0 200.0+0.8mg/g in freeze-dried O. basilicum.

Theiodinevauewhichisthe measure of thede-
greeof unsaturation wassignificantly higher infreeze-
dried samplesof range 104.5-138.8mg/g and mean
value 122.2 mg/g than in sun-dried samples of range
96.5mg/g-130.5mg/g and mean value 113.5mg/g.
Peroxide value is an indication of deterioration.
TABLE 3 showed that both groups of oils had low
mean peroxidevaues5.13mg/g for sun-dried leaves
whichwassgnificantly higher than4.0smg/gfor freeze-
dried leaves. The peroxidevauewashighest in sun-
dried T. occidentalis (6.8+0.1mg/g) and lowest in
freeze-dried A. hybridus (2.8+0.1mg/g). Drying
methods had no significant effect ontherefractivein-
dex of thevegetable samples’ oils. The refractive in-
dex of freeze-dried samples’ oils ranged from 1.430
to 1.450 which wastherange of therefractive index
of sun-dried samples’ oils.

TABLE 1: Physicochemical propertiesof Selected vegetabletypesasaffected by drying method.

Name of Drying AV FFA sV v PV SG RI
Vegetable M ethod (mglg) (%) (mg/lg)  (mg/g) wij (mglg) @20°C @25°C
_ Sun-drying 4.1+0.0° 2.0+0.0% 183.7+2.7° 114.0+0.09 3.6+0.19 0.928+0.003% 1.440+0.010%
Amaranthus hybridus ] g be b . : g .
Freeze-drying 3.3:0.0° 1.7+0.0° 182.8+1.9° 118.0+1.0° 2.8+0.1' 0.928+0.001¢ 1.440+0.000
o s Sun-drying 2.6:0.1° 1.3£0.0° 171.1+2.0° 126.0+1.0¢ 5.2+0.19 0.900+0.004° 1.440+0.010%
Clmum gratissmum
g Freeze-drying 2.1+0.0° 1.0+0.0° 170.2+1.7% 139.0+1.0% 4.0+0.0' 0.900+0.003°  1.450+0.0007
o el Sun-drying 3.4+0.0% 1.7+0.0" 199.2+2.8% 131.0+0.0° 3.8+0.1 0.945+0.004% 1.450+0.010%
Clmum pasliicum
Freezedrying 2.3+0.0' 1.1+0.0° 200.0+0.8% 134.0+0.0° 3.1+0.1" 0.945+0.002% 1.450+0.000%
n-dryin 1+0.0° 2.5:0.0 3+1.8 0:1.00 6.2£0.2° 0.938£0.002° 1.433+0.010
Sun-drying 5.1+0.0° 2.5+0.0° 175.3+1.8° 101.0+1.0' 6.2+0.2° 0.938 b 1433 b
Vernonia amygdalina
Freeze-drying 3.4+0.19 1.7+0.0® 176.1+1.5° 116.0£1.0' 5.0+0.0° 0.935+0.001"° 1.437+0.005"
» et Sun-drying 5.3+0.1% 2.6+0.1° 197.8+1.8% .97.0+1.0' 6.8+0.1* 0.931+£0.001% 1.432+0.005"
Telferia occidentalis
Freeze-drying 5.0:0.1° 2.5£0.1% 197.8+1.9% 105.0+0.0" 5.4+0.2° 0.932+0.000® 1.433+0.005"
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Nameof Vegetable AV (mg/g) FFA (%) SV (mg/g) 1V (mg/lg) PV (mg/g) SG @20°%c RI @25°C
Amarathus hybridus 3.68° 0.84 183.25 116.3° 3.18° 0.928" 1.440%
Ocimum grattiimum 2.31° 1.16° 170.65" 132.4% 4.62° 0.900° 1.445°
Ocimum basilicum 2.82° 1.41% 199.65% 132.1° 3.45" 0.945° 1.450°
Vernonia amygdalina 4.21° 4.21° 175.70° 108.2° 3.60° 0.937° 1.435°
Telferia occidentalis 5.13° 513" 197.80° 100.5" 6.12% 0.932° 1.433°
TABLE 3: Effect of drying methodson mean physico-chemical propertiesof selected vegetabletypes.
Dryingmethod  AV(mg/lg) FFA(%) SV(mg/g) I1V(mglg) PV(mglg) SG@20°%¢ RI@25°C
Sun drying 4.06° 2.03 185.42 113.5° 513 0.928° 1.442°
Freeze drying 3.19 1.60° 185.38° 122.2% 4.05° 0.928° 1.439%

AV=Acid value, FFA= Freefatty acid, SV= Saponification value, | V=l odine value, PV= Peroxide value, SG=Specific gravity,
RI= Refractive Index. Values in the same column having the same superscript are not significantly different at P>0.05 level

by DMRT.

The specific gravity of both thesun-dried and the
freeze-dried samples’ oils showed no significant dif-
ference. Specificgravity washighest inboth sun-dried
(0.945+0.004) and freeze-dried (0.945+0.002) O.
basilicum and lowest in both sun-dried
(0.900+0.004) and freeze-dried (0.900+0.003) O.
gratissimum.

TABLE 4indicated that two typesof fatty acids
were present in the vegetabl e samples namely satu-

TABLE 4: Fatty acid compostion (%) of selected vegetabletypesasaffected by drying method.

rated and unsaturated acids. Theresultsindicated that
freeze-dried sampleshad higher myristic acid (except
inA. hybridus), oleicacid, linoleicacid and linolenic
acid compositionswhilesun-dried sampleshad higher
arachidic acid, behenic acid (except in O.
gratissmum) and pamiticacid compositions. TABLE
6 showed that the mean value of total unsaturated
acid (76.76%) wass gnificantly higher infreeze-dried
samples’ oils than in sun-dried samples’ oils (70.42%).

\I/\Iameof Drying Myri'stic Stealric Arachidic Behgnic Lignq:eric Palmitic Sa-IrL?rtged Palmit'oleic Olgic Linqleic Linolgnic Un;tcfj?]ated
egetable Method Acid Acid Acid Acid Acid Acid Acid Acid Acid Acid Acid Acid
Amaranthus Sundrying  0.31% 512% 065 1.43* 0.46° 22.43° 31.09 0.07* 22.72" 4538° 0.74° 68.91"
hybridus  preezedrying 0.19° 5.93%¢ 0229 067° 0.32* 19.37% 26.69" 0.04° 23.87° 48.60° 0.79° 73.31°
Ocimum  Sundrying  0.11° 530 001 0.00° 000" 14.06° 1948 0.05° 7.19° 27.98" 4530° 80.52°
gratissmum freezegrying  0.13° 3.15%° 0.01° 0.00° 000° 845" 11.74" 0.06®° 844" 32.46° 47.30° 88.26°
Ocmum  Sundrying  0.10° 201° 001° 0.00° 000" 14.31" 16.43* 0.18" 11.63™ 19.86° 51.91° 83.57*
basilicum  Freczedrying 0.12° 3.16%° 0.007 0.01° 000° 903" 12320 074 12.23% 21.15° 5357 87.68°

i Sundrying  0.08° 10.12° 0.56% 1.35° 0.37° 26.62* 39.11® 0.01° 12.23" 4830° 0.35° 60.89%
Vernonia
amygdalina preezedrying 0.14° 7.94% 0379 0.94® 0.37° 20.65° 3042 0.05° 16.44° 52.67° 0.42° 69.54%
Tdfeia  Sundrying  0.63° 1671 1.63* 108 000> 21.76° 41.81* 0.00° 32.22* 2502 0.95° 58.19'
occidentalis preezedrying 0.85° 14.48%° 1.21® 0.99° 0.00° 17.48° 35.01° 0.00° 36.55° 27.43° 1.02° 64.99%

TABLE5: Meanfatty acid compostion (%) of selected vegetabletypesasaffected by drying method.

Name of Myristic Stearic Archidic Behenic Lignoceric Palmitic SatTL?rt:Ited Palmitoleic Oleic Linoleic Linolenic Un;-atosralated

vegetable acid acid acid acid acid acid acid acid acid acid acid acid
Amaranthus hybridus  0.25° 553° 0.44° 1.05° 0.39* 20.90° 28.89° 0.06% 23.30° 46.99° 0.77°  71.11°
Ocimumgratissmum ~ 0.12°  4.23°  0.01° 0.00° 000° 11.26° 15.61° 0.06* 7.82% 30.22° 46.30° 84.39%
Ocimumbasilicum ~ 0.11° 2.29° 0.01° 0.00° 0.00° 11.67d 14.38° 0.46% 11.93° 20.51° 52.74* 85.63%
Vernoniaamygdalina  0.11° 9.03® 047° 1.15° 0.37%° 32.64% 3477° 0.03* 14.34° 50.49%° 0.39°  65.22°
Telferiaoccidentalis ~ 0.74% 15.60% 1.42% 1.04* 0.00° 19.62° 38.41* 0.00° 34.39% 26.23° 0.99°  61.59°
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N
TABLE 6: Effect of drying methodson mean fatty acidscomposition (%) of selected vegetabletypes.
Drying Myristic Stearic Archidic Behenic Lignoceric Palmitic sa;ru?taatled Palmitoleic Oleic Linoleic Linolenic uns;(fjtflated
method acid acid acid acid acid acid . acid acid acid acid )
acid acid
Sundrying 0.25* 7.85% 057 0.17° 0.172 19.84% 29.58° 0.06° 17.20° 33.31" 19.85 70.42°
Freezedrying 0.29° 6.93° 052° 0.52% 0.14° 15.00° 23.24° 0.18* 19.51% 36.46% 20.62° 76.76%

DISCUSSION

Theacidvave (AV) and thefreefatty acid (FFA)
for the sun-dried samples oil werehigher than that of
thefreeze-dried samples ail. Accordingto Ihekoronye
and Ngoddy!¥ the FFA valueand AV of any lipidare
measureof hydrolytic rancidity; thehigher thevalues
of FFA and AVs of lipid, the higher the degree of
hydrolytic rancidity. Therefore, hydrolytic rancidity of
sun-dried samples oil was higher than that of freeze-
dried samples oil. It hasbeen shownthat it isdesir-
ableto ensurethat thefreefatty acid content of cook-
ingail lieswithinthelimit 0.0to 3.0%. Therefore,
dl theoilsinvestigated weregood edibleoil sthat might
be stored for long time with minimum spoilagevia
oxidativerancidity and they might be of very low cho-
lesteral.

All thevegetable oilshad high sgponification va-
ues. Saponification va uewhich measurestheamount
of akali that isrequired to combinewith fatty acids
and hydrolyzed estersusing asol ution of potassium
hydroxidein al cohol wasfound to have no significant
difference in sun-dried and freeze-dried samples.
However, both thefreeze-dried and the sun-dried ol
samplesexhibited high saponification values. These
va ueswerewithintherangeof vauereported by Ayo
et al.,l¥ for seed of khaya senegalensis oil
(195.58mg/g). Theresultscompetefavourably with
the saponifaction valuesof pam ail (196-205mg/g),
olive(185-196mg/g), soy ail (193mg/g), cotton seed
(193-195mg/g) and linseed oil (93-195mg/g) asre-
ported by Pearson?. The higher the saponification
valuesthe better arethe oilsin making soap. There-
fore, the high saponifcation valuesrecorded for al
theoil samplesin TABLE 1 maketheoilsvery suit-
ablefor sogp making andinthemanufacture of lather
shaving cream™9, Thesevaueswerelower thanthe
52.00mg/gfor pamoail™2,

Therdatively highiodinevaueof dl theoilsex-

.

Values in the same column having the same superscript are not significantly different at P>0.05level by DM RT.

tracted isan indication of the presence of many un-
saturated bonds. Theresult showed that the degree
of unsaturation of freeze-dried samples’ oils was higher
thanthat of the sun-dried samples’ oils. This suggests
that the oilsfrom the freeze-dried vegetable leaves
may be consumed by patientswith heart problems
s nce consumption of unsaturated oil isaccompanied
by low risk of atherosclerosis?®.

Peroxidevaueisanindication of deterioration.
Both groups of oilshad low peroxidevalues. Fresh
oils had been shown to have peroxide valueranged
20.00mg/gto 40.00mg/g?¥. Therefore, freeze-dried
samples’ and sun-dried samples’ oils investigated were
stabledueto their relatively lower peroxidevaues.
Thelow peroxidevaluesof these oilsindicated that
they werelessliableto oxidativerancidity at room
temperature®.

Drying methods had no significant effect onthe
refractiveindex of the vegetable samples’ oils. The
refractiveindex of both the sun-dried and thefreeze-
dried samples’ oil fell within the range for edible oils.
Since edible oil has a refractive index of about
1.4701%527, Refractiveindex isauseful property in
the preliminary examination of oil. It showsquickly
the degree of unsaturation and whether the oil has
unusua componentssuch ashydroxyl groupsor con-
jugated acids?. Thespecific gravity of both the sun-
dried and the freeze-dried samples’ oils showed no
significant difference. The specific gravity values of
theseoilswereintherange of sunflower oil (0.921),
cotton seed oil (0.917) and soy bean (0.919).

The mean fatty acid composition in TABLE 5
showed that the ma or component of scent leaf (O.
gratissimum) and basil leaf (O. basilicum) waslino-
lenic acid whilelinoleic acid wasthe mgor compo-
nent of thethree other samples: green amaranth | eaf
(A. hybridus), bitter leaf (V. amygdalina) and fluted
pumpkin leaf (T. occidentalis). Thesetwo essentia
fatty acidsarerequired for growth, physiologica func-

tions and body maintenance. All the samples had
S
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higher percentage of unsaturation which wasrespon-
sblefor their liquid natureat room temperature. Com-
paratively, sun-dried sampleshad significantly lower
percentage of unsaturation than freeze-dried. It had
been established that rel ative to carbohydrate con-
tent, the saturated fatty acid increases serum choles-
terol in body!*. Based on this, the freeze-dried
sampleshad lower tendency of cholesterol accumu-
lation.

Furthermore, myristic (14:0) acid had been es-
tablished asthemost important of thedietary risk fac-
torsin cholesterol density! thiswaspresent at avery
low percentageinall thesamples. Itismost likely for
fluted pumpkin oil to havethehighest cholesterol based
onitshighest myristic acid content for both sun-dried
and freeze-dried samples. Threetypesof lipoprotein
(protein-lipid) in the blood are known. These are low—
dengity lipoprotein (LDL) inwhich 46% of molecules
arecholesteral, high—density lipoprotein (HDL) which
includes 20% as cholesterol and very low-density li-
poprotein (VLDL) which has8% cholesterol. High
level of total blood cholesterol isassociated with the
incidenceof cholesterol density (CHD) aswell ashigh
interest of saturated fatty acid”. A direct comparison
of myristicand palmitic acidsshowed that both raised
LDL cholesterol relativetooleic acid but that myristic
acidisdightly more powerful, whilestearicacid (18.0)
may not beahyper cholestrolemic asthe other satu-
rated fatty acid (gpparently becauseitisconverted to
oleicacid) Zock!®,

CONCLUSION

The study indicate that oilsextracted from freeze
dried leaveshad |ower iodine valuewhen compared
with sun- dried whilethe acid value and free fatty
acid arehigher in sundried. Saponificationvalueand
peroxidehad no Sgnificant differenceinsun and freeze
dried samples. Theresults further showed that the
freeze dried had higher percentage of unsaturation
judging fromtheir fatty acid composition.
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