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Effects of Storage Temperature on Postharvest Quality, Ripening and M ar ketability of

M arula Fruits (Sclerocarya birrea subsp. caffra)

ABSTRACT

A laboratory experiment was undertaken to invegtighe effects of storage temperature on
storage life and quality of marula fruits. The evgmental design was a completely
randomized design with three replications. Marwd@ tandraces growing around Sebele area
of Gaborone were used for the study. The storaggpdeatures were 0, 4, 8 and 12 £ 1 °C
(90-95% RH). Some fruits were also left at room genature (25 + 3 °C) as control. The
results of the study showed that storage temperatod duration of storage significantly<P
0.05) affected the incidence and severity of afllinjury in marula fruit. Chilling injury
developed in all the fruits stored at temperatafes 12 °C, though the severity of chilling
injury significantly (P< 0.01) varied with storage temperature. The mafui stored well

for 25 days at 12 °C without the development ofgiblpgical disorders and decay incidence.
Upon removal from storage (12 °C) and held for sedays at room temperature to simulate
marketing conditions, the fruit underwent normgening process with colour (carotenoids
and anthocyanins) development, high total solubleds and low titratable acidity. It was
concluded that in order to extend the shelf-lifd amarketing period of marula fruit, the fruit
should be stored at 12 °C and 90-95% RH, becauesédrdit will not suffer from chilling

injury and will undergo normal ripening process.

Keywords: Morula fruit, storage temperature, cultivars, chilling injury, postharvest shelf life

1INTRODUCTION

Fruits are living tissues and are diverse in molgiy structure, composition and general
physiology. Due to high moisture content, activetabelisms, tender nature and rich in
nutrients, they are vulnerable to dehydration, miggical disorders, environmental stress,
mechanical injury and pathological breakdown thenefusually considered to be highly
perishable [1]. Therefore, these characteristicsitlithe storage life of the fruits and
vegetables and cause significant deterioratiorofotlg harvest [2]. Postharvest loss can

occur at any point in production and market chhlirs estimated that the magnitude of these
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losses due to inadequate postharvest handling tanaige in fresh fruits and vegetables is
relatively high but varies in accordance with tioeirtry and commodity [1]. In a hungry and
increasingly competitive world, reducing posthatvesd losses is a major agricultural goal.
In order to reduce these losses, postharvest teynawhich delays senescence and maintain
guality must be applied. These technology systenWude temperature management,

controlled atmosphere and modified atmosphere gtara

Temperature being the most important environmefatebr that influences the deterioration
of harvested horticultural commodities, most peidh commodities last longest at
temperature near 0 °C. Temperature influences hthwerointernal and external factors
influence the commodity [3]. Temperature managemsnthe most effective tool for
maintaining quality and safety, and for extendihg postharvest life of fresh horticultural
commodities. After harvest, most fruits includingmla remain alive and temperature during
storage plays an important role in their qualityarila fruits abscise at the mature green
stage (physiological maturity) and ripen on theugieb[4, 5, 6, 7]. Ripening of marula fruit is
reported to be typical of climacteric fruits, beiagcompanied by an upsurge in carbon
dioxide and ethylene production [5, 6, 7]. Ripenai the fruit can be slowed down to extend
shelf life by reducing the fruit temperature. Logniperature storage is considered the most
effective method of extending postharvest life amaintaining the quality of the fruits [8].
However, most fruits that originated from the tegdiand subtropical regions are chilling
sensitive when exposed to low temperatures thaalaoge the freezing point [9]. Such crops
including marula when stored below its critical memature generally 10-13 °C for most
varieties are injured. Damage often is induced bgrg brief exposure, but may not become
apparent for several days or until transfer to wertemperature depending on the duration
and severity of chilling. Due to sensitivity of pical and some sub-tropical produce to
chilling injury, their transport to distant markets generally only successful by air.
Therefore, advances in the improvement of fruitseist low temperature storage could be
enhanced to prolong their shelf life even theidéraover long distance. However, it was
suggested that the temperature range of@3vas adequate to avoid the onset of chilling
injury in tropical and some sub-tropical horticalhorticultural produce for at least three
weeks, but losses were too much at 13 °C [10]. g iehardly any literature available on the
storage temperature of marula fruit, except it wegmorted that marula juice stores well at 4
°C [11]. Therefore, the objective of this study wks evaluate the effects of storage

temperature on postharvest quality of marula fruit.
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2MATERIALSAND METHODS
2.1 Experimental site

The experiment was conducted in the Crop SciendePanduction Department Laboratories
of the Botswana College of Agriculture between daymwand April 2015. Botswana College
of Agriculture is located at Sebele (latitude 2434nd longitude 25 57°E, altitude of 994 m

above sea level) and 10 km from Gaborone.
2.2 Experimental design

The experimental design was a completely randomadasign (CRD). Fresh marula fruits
were picked randomly at the green mature stages{plogical maturity) from 10 different
marula trees around Sebele. The fruits were statedl 4, 8 and 12°C. Four refrigerators
were set at different temperatures of 0, 4, 8 @1+ 1°C. Fresh fruits were collected when
still firm, green, uniform and free from bruisesdattefects as judged subjectively based on
epidermal colour. Fruits were washed to remové &od other external material. Three

hundred fruits were stored in each storage temperafll analyses were done in triplicate.
2.3 Dependent variables deter mined

The dependent variables analysed were fruit dewsdop, fruit chlorophyll content, fruit
anthocyanin and carotenoid content, fruit juicaubtéd solids content (SSC), total titratable
acidity (TTA), vitamin C content, chilling injuryificidence and severity) and storage life of

the fruit in cold storage and after storage at réemperature (25 + 3 °C).
2.3.1 Titratable acidity

Fruit titratable acidity was determined accordiagdtte standard titrimetric method [12]. The
fruit and skin was cut and 100 g of sample weiglieelh 200 ml of distilled water was added
to the sample. The mixture was then blended fa& fmnutes. The sample was homogenized
and filtered through 5-layers of cheese cloth. 2@filtrate (juice) was then put in a 50-ml
conical flask and two drops of 1% phenolphthal@idicator was added. The samples were
titrated with 0.1 N NaOH to end point, and this wme in triplicates. The results were

expressed as total titratable acidity equivalesisgithe formula given below.

Total titratable acidity (g/100 ml juice) = (ml ag normality base x 1x 100 x 2)

ml sample
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2.3.2 Soluble solids content

Soluble solids content (SSC) was determined usingfractometer according to a standard
procedure [12]. Ten fruits per treatment per regian were pinched using a razor blade and
the juice squeezed directly into the hand refraetem(0-32%) and then the average sugar
content was determined Brix.

2.3.3 Vitamin C (ascorbic acid) determination

Vitamin C content was determined using 2, 6-diabilmdophenol titrimetric method [12].
Ascorbic acid reduces oxidation-reduction indicattye (2, 6-dichloroindophenol) to
colourless solution. At end point, excess unredubyedis rose pink in acid solution. Vitamin
C was extracted and titration performed in the gmes of metaphosphoric acid-acetic acid
solution to maintain proper acidity for reactiordan avoid antioxidation of ascorbic acid at
high pH [12].

2.3.4 Fruit chlorophyll, anthocyanin and car otenoid contents

Anthocyanin plus carotenoids and chlorophyll cohtanthe fruit skin were measured from
two discs (11 mm diameter) per fruit (10 marulat&yer replicate/treatment), cut from the
yellowish and greenest portions using a cork baret the scalpel. The 10 discs were then
extracted in 4 ml of 0.1 N HCL in methanol at 22 9C in the dark for 24 hours. Absorbance
of extracts was measured using a UV Visible sppbimtometer (UV-1602 | PC, Shimadzu,
RSA Pty Ltd.Co.Reg.NO: 90/07641/07) at various iewgths of 530, 620,645, 650 and 663

nm.

Anthocyanins plus carotenoid content was determimszbrding to an established method

[13], using a molar extinction coefficient of 4.82.0° [14].

Anthocyanins plus carotenoids (nmolefcmarula skin) = [(AsqcAs20) — 0.1(e50 -As20)]

4.62 x 10

Skin chlorophyll content was measured as absorbain@83 nm according to method of [15].

The following equation was used to calculate thatirge total chlorophyll content [15].
Chlorophyll (mg/cmof morula skin) = 24.88 x &3[15]

2.3.5 Chillinginjury (incidence and severity)
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Chilling injury was evaluated daily for incidencedaseverity of chilling in storage. Chilling
injury (CI) incidence was determined from a sampie20 fruit/replicate/treatment. Fruit
showing symptoms of Cl were counted and expressedercentage. Chilling severity was
evaluated on a predetermined scale form: 0 beingjnoy; 1 being slight injury (where 1/3
of the fruit showed some injury symptoms); 2 moterajuries (where 2/3 of the fruit
showed some injury symptoms) and 3 was severeyifglatermined by more than 2/3 of the

fruit showing injury depending on the peel damage).
Chilling injury index was calculated by the follavg equation;

Cll = [(no of fruits with no injury x 0) + (no ofrfiits with slight injury x 1) + (no of fruits

with moderate injury x 2) + (no of fruits with seeenjury x 3)] + no of fruits sampled.
2.3.6 Fruit development

Fruit growth and development was measured froma@j@ed fruits every week starting from
one week after full bloom to 21 weeks after fulbdain using a digital electronic vernier

calliper.
2.3.6 Data analysis

Analysis of variance was performed on the dataectdld using the general linear Models,
procedure of the Statistical Analysis System (SR&)gramme. Multiple comparisons among

means was performed using the Protected Leastfigmmti Difference at P=0.05.

3RESULTS
3.1. Fruit development

The results of this study showed that marula fyoitwth and development showed a simple
sigmoid growth curve (Figure 1). Fruit diameterrgased with time and reached maximum

diameter at 18 weeks after full bloom (Figure 1).
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Figure 1. Marula fruit growth and development

3.2 Chilling injury

The results of this study showed that storage teatpee significantly (K 0.05) influenced
the incidence (Figure 2) and severity (Figure 33tafling injury of marula fruit. All marula
fruit stored at temperatures 8 °C developed chilling injury, but the severityasv
significantly (P< 0.01) greater on fruit stored at 0 and 4 °C (Fedg®). Marula fruit storage at
8 °C had severity index of 2 (67 % or above of the fruit is chilled) after d&ys of storage,
while fruit stored at 0 and 4 °C attained a seyarnitlex> 2 after 7 and 8 days, respectively

(Figure 3). Marula fruit stored at 12 °C did noffsufrom chilling injury (Figure 2, 3).
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Figure2: Effect of storagetemperatureon theincidence of
chillinginjury
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Figure 3: Effect of storage temperature on severity of
chilling injury

3.3 Titratable acidity

During fruit growth and developmerititratable acidity increased with time and a resta
maximum after 21 weeks after full bloom and deadawereafter (Figure 4). During storage
for 8 and 16 days total titratable acidity sigraintly (P< 0.05) decreased with increase in
storage temperature (Figure 5). Storage temperandealuration of storage significantly <P
0.05) influenced the decrease in fruit titrabledayi (Figure 5). Fruit stored for 8 days had
significantly (P< 0.05) higher titratable acidity than fruit storied 16 days at 0, 4, 8 and 12
°C, respectively (Figure 5).

Total titrable acidity (img/100ml
¢

0 S 10 15 20 25
Weeks atter tull bloom

Figure 4. Titratable acidity of marula fruit
during growth and development
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3.4 Total soluble solids

During fruit growth and development, the fruit tosoluble solids content increased with
time (Figure 6). During storage at room temper{@5 + 3 °C) fruit soluble solids content
(SSC) increased and reached a maximum after sig imhagtorage, thereafter the fruit SSC
decreased (Figure 7). Storage temperature andialurat storage significantly (R 0.05)
influenced the marula fruit SSC (Figure 8). As atm temperature increased from 0 to 12 °C,
fruit SSC significantly (< 0.05) increased, irrespective of storage durgfiogure 8). Fruit
stored for 16 days had significantly €R0.05) higher SSC than fruit stored for 8 days (Feg
8).
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178 3.5 Fruit anthocyanin and car otenoid content (colour)

179  The fruit anthocyanin and carotenoid content ineeeasignificantly (< 0.05) with increase
180 in storage temperature (Figure 9). After 22 daystofage at lower temperatures2 °C),
181  maximum fruit anthocyanin and carotenoid contenetlgped in fruit stored at 12 °C (Figure
182  9). Though fruit stored at 25 + 3 °C, developed thghest anthocyanin and carotenoid



183  content, but it was not significantly different finofruit stored at 8 and 12 °C (Figure 9).
184  Maximum fruit anthocyanin and carotenoid contentsvedtained after 8 and 25 days of

185 storage at 25 + 3 and 12 °C, respectively (Figoyre 9
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Figure 10: Chlorophyll content during fruit growth
and development

187

188 3.6 Fruit chlorophyll content

189  The results of the current study showed that duringt growth and development,
190 chlorophyll content was high but significantly @ 0.05) decreased as fruit maturation
191 increased (Figure 10). In storage, storage temyeraignificantly (P< 0.05) affected fruit
192  chlorophyll content (Figure 11). Increase in sterégmperature from 0 to 25 °C significantly
193 (P <0.05) increased the degradation of fruit chlordiptgntent of marula fruit (Figure 11).

10
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196 3.7 Vitamin C content

197 The vitamin C content of marula fruit was signifitly (P < 0.05) influenced by storage
198 temperature (Figure 12). Retention of marula fuithmin C content was significantly @
199  0.05) increased as storage temperature was lowEigdre 12). The vitamin C content of
200 marula fruit stored at 25 + 3°C for 8 days was 1iBtes lower than the vitamin C content of
201  fruit stored at 0 °C for 25 days (Figure 12).

202 4 DISCUSSION

203 4.1 Fruit Growth and Development

11
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The results of this study showed that marula fiisplayed a simple sigmoid growth curve.
The increase in fruit size was attributed to celision in the first four weeks after full bloom

and then followed by cell elongation and expangi® 17, 18, 19]. Fruit can increase in
mass or volume by 100-fold or more from fertilizatito maturity and such changes follow

simple or double-sigmoid growth curve dependindranfruit species [17, 20].
4.2 Effect of storage temperature on postharvest quality of marula fruits

Marula is subtropical in origin, however, most fsuthat are of tropical or subtropical in
origin are reported to be chilling sensitive [9, 22]. These fruits are injured after a period of
exposure to chilling temperature below 10-15°C, ddubve their freezing temperatures. The
results of this study showed that storage temperatsignificantly influenced the
development of chilling injury (incidence) and seteof chilling injury in marula fruit. As
storage temperature decreased below 12°C, theeimoéd and severity of chilling injury
increased. Chilling injury symptoms of skin pittingoor colour development, poor aroma
and surface lesions developed in marula fruit st@atetemperatures 12°C, though severity
varied with storage temperature and duration afagi®@. Marula fruit stored at 0, 4 and 8 °C
developed chilling injury symptom after 7 and 9 slay storage, but severity of chilling was
high in fruit stored at 0 and 4 °C. Similar resuitsre been reported [2, 21], who all reported
of chilling injury symptoms such as scalding, soegitting, poor aroma, uneven ripening,
poor colour development and increased suscepfibitit diseases in mango stored at
temperatures below 1ZC. Chilling injury can be related to the enzymabiowning of
activities of polyphenoloxidase (PPO) and perox{®), and the increase of phenolic
compounds [23]. Chilling injury is known to sigrméintly change the microstructure of the
tissue which in severe cases may lead to tissugkthoevn due to failure to carry normal
metabolic processes [24]. Various physiologicalpchemical alteration and cellular
dysfunction occur in chilling sensitive speciesresponse to chilling stress [24]. These
alterations include increased membrane permeabhitityalteration of activities of membrane
proteins. If chilling stress is prolonged, theseeraltions cascade to development of chilling
injury symptoms such as skin surface pitting, sanke surface lesions, uneven ripening,
pulp discoloration, greyish-scald discolorationtleé skin, water-soaking of the tissue, off-
flavour, susceptibility to fungal decay, reducedraa, carotenoids [25, 26] and become more
serious when fruits are transferred to room tentpeggprobably because they satisfactorily
ripen at 21-24 °C. Factors that have been repottednfluence the susceptibility of
horticultural produce to chilling injury include @rmonmental conditions, maturity when

12
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picked and postharvest handling techniques, andtidar of exposure to the chilling
temperature [2, 27]. Marula fruit stored at 12 °i@ dot develop chilling injury and had a
shelf life of 23 days from the onset of ripenindgpeTtime from onset of ripening to rotting of

marula fruit is reported at 16+4 days [11].
4.3 Marula fruit changes during ripening

Fruit ripening is a highly coordinated, geneticalprogrammed, and an irreversible
phenomenon involving a series of physiological,ch@mical, and organoleptic changes that
lead to the development of a soft and edible nipi With desirable quality attributes. A wide
spectrum of biochemical changes such as increasgguiration, chlorophyll degradation,
biosynthesis of carotenoids, anthocyanins, esdeoils, and flavor and aroma volatiles,
increased activity of cell wall hydrolases, andamsient increase in ethylene production are
some of the major changes involved during fruienimg [28, 29]. The results of the current
study showed that as storage temperature incréemad0 to 25°C, SSC content, carotenoid
and anthocyanin biosynthesis and chlorophyll demfiad increased, but titratable acidity
decreased, irrespective of storage temperatur@aitialy fruit ripening occurred in all the
storage temperatures. The fruit colour change duripening is due to unmasking of
preformed pigments by degradation of chlorophyli/an biosynthesis of carotenoids and
anthocyanins and their accumulation in vacuoles 83(. The increase in SSC and decrease
in titratable acidity after three weeks of marulaitf storage at different temperatures was
attributed to increased glucogenesis and hydrolysolysaccharides especially starch [30,
31]. Decreased acidity and accumulation of suga&C() and organic acids in marula fruits
results in an excellent sugar/acid blend for etybés fresh fruit or for processing of marula
into various products. It is reported that duringraia fruit ripening there is a decrease in
fruit weight, fruit firmness, acidity decreasedrfr@% at harvest to 1% after 17 days, and the
change in total soluble sugars concentration of ghp paralleled that of soluble solids

content [7]. Marula fruit collected from the groumatl the mature green stage contained a

13
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single reducing sugar, glucose, and the rest werereducing sugars, fructose and sucrose
[7]. In ripe marula fruits the concentration of balucose and fructose decreased similarly
and that of sucrose increased [7]. In general] tatality decreases during ripening, though

the content of one or more acids may increase.|l Boidity decreases with ripening due to

their utilization as respiratory substrates espiyaiathe Krebs (TCA) cycle [20].

4.4 Vitamin C content

Loss of vitamin content especially vitamin C, pitamin A, thiamine (vitamin B1) and
nicotinic acid is common in horticultural produceoply handled. Vitamin C includes both
ascorbic acid (6HsOe) and its oxidation product dehydroascorbic acigHgDs) both being
antiscorbutic. The two forms of vitamin C are ldygaterchangeable via the unstable mono-
dehydroascorbic acid being catalyzed by any ofakidases such as ascorbic acid oxidase,
cytochrome oxidase, o-diphenol oxidagediphenol oxidase and peroxidase [20, 32]. The
balanced oxidation and reduction of ascorbic artdydeascorbic acids leads to no loss of
vitamin C. Loss can occur by irreversible conversib dehydroascorbic acid to 2,3-dioxo-L-
gulonic acid, which is then further metabolizedeTeaction is pH dependent, being slow in
acid pH, rapid at neutral pH and extremely rapical&aline pH [32]. The results of the
current study showed that the loss of vitamin C gigsificantly reduced when marula fruit
was stored at lower temperatured 2 °C. Storage of fruits and vegetables at tentpera
below 5C is reported to decrease the loss of vitamin C 332 The rate of loss of vitamin C
is higher with higher storage temperature, an éeféessociated with loss of acidity [32].
Marula fruit according to the current study haveyvaigh levels of vitamin C in the range of
586-793 mg/100 g. The vitamin C content of marulgt have been elsewhere in the range of
62-400 mg/100 g of pulp or higher [34, 35]. Mangstwed at 24-2Z& for 6 days has been
reported to result in a drop in vitamin C contentf the initial 71 mg/100g to 63.9 mg/100g
[32].

5 CONCLUSION

Postharvest management of marula fruits is importantheir successful marketing. The
study showed that the most critical factor affegtihe postharvest shelf life of marula fruits

is storage temperature. Marula fruit cannot beest@t low temperatures necessary to slow
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physiological activities because of chilling injutgvelopment. It was concluded that in order
to extend the shelf life and marketing period ofukefruits, the fruits should be stored at 12
°C and 90-95% RH, because the fruit will not suff@m chilling injury and will undergo
normal ripening process. Marula fruit could iniljabe stored at €C for 9 days and
transferred to 12C to extend the marketing period and availabilifytree fruit beyond the

harvest period.
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