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Determination of Physicochemical and Mineral Composition of
Mulberry Fruits (Morus alba L.) at Different Harvest Dates

Hiiseyin KARLIDAG' Miicahit PEHLUVAN? Metin TURAN? Sadiye Peral EYDURAN?

ABSTRACT: This study was conducted to determine some physicochemical and mineral compositions of mulber-
ry fruit at different harvest dates during a harvest season. The study was carried out on 25-year-old mulberry trees
belonging to Morus alba L. cultivated in an orchard in Upper Coruh valley of Turkey in 2005 and 2006. Fruit size,
total soluble solid (TSS), fruit dry yield (FDY), color (L, a, b) of fruits varied between 2.32-3.18 g, 24.07-31.33%,
27.10-31.33%, 36.41-51.74, 4.42-8.20, 23.66-28.42, respectively. As the mineral compositions of mulberry fruit,
3.10-3.36 g 100g' N, 0.298-0.417 g 100g' P, 1.82-2.12 g 100g" K, 2.63-2.93 g 100g!' Ca, 0.593-0.723 g 100g™' Mg,
0.180-0.325 g 100g™" S, 63.7-71.2 mg kg ' Na, 114.3-126.3 mg kg ' Fe, 69.8-76.8 mg kg ! Mn, 29.0-36.2 mg kg !
Zn, and 11.2-17.2 mg kg ! Cu were determined. As a result, TSS, FDY, K, Ca, Mg, S and Zn minerals of the fruit
were determined to increase towards the end of the harvest season.

Keywords: Morus alba L., mineral content, harvest dates

Farkh Hasat Donemlerinde Dut Meyvelerinin Fizikokimyasal ve
Mineral Madde Iceriklerinin Belirlenmesi

OZET: Bu calismada bir hasat sezonu boyunca farkli tarihlerde hasat edilen dut meyvelerinin bazi fizikokimyasal
ve mineral igerikleri belirlenmistir. Calisma yukart Coruh vadisinde 2005-2006 yillarinda 25 yasli dut agaglarinda
yiiriitiilmiistiir. Meyve agirligi, SCKM, kuru randiman, renk (L,a,b) 6l¢tim degerleri sirasiyla 2.32-3.18 g, %24.07-
31.33 g, %27.10-31.33, 36.41-51.74, 4.42-8.20, 23.66-28.42 arasinda degisim gostermistir. Dut meyvelerinin
mineral madde igerikleri ise 3.10-3.36 g 100g' N, 0.298-0.417 g 100g' P, 1.82-2.12 g 100g' K, 2.63-2.93 g 100g!
Ca, 0.593-0.723 g 100g' Mg, 0.180-0.325 g 100g' S, 63.7-71.2 mg kg ! Na, 114.3-126.3 mg kg "' Fe, 69.8-76.8 mg
kg "' Mn, 29.0-36.2 mg kg ! Zn, 11.2-17.2 mg kg ! Cu arasinda belirlenmistir. Caligma sonucunda, hasat sezonunun
sonuna dogru meyvelerin SCKM, kuru randiman degerleri ile K, Ca, Mg, S ve Zn gibi mineral igeriklerinin arttig1
tespit edilmistir.

Anahtar kelimeler: Morus alba L., mineral madde icerigi, hasat donemi
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INTRODUCTION

Mulberry, a fast-growing deciduous plant, grows
under different ecological conditions such as tropi-
cal, subtropical and temperate worldwide (Arabshahi-
Delouee and Urooj, 2007). It is believed that mulberry
first originated in the foothills of Himalayas and later
dispersed into Asia, Europe, Africa, and America (San-
chez, 2000) and has been cultivated in the Northern
hemisphere for centuries (Doymaz, 2004).

Mulberry production dateds back at least 400 years
and it is as important as the other temperate fruit species
in Turkey. Most of the agro-ecological regions of Tur-
key are very suitable for producing high quality mul-
berry fruits, mainly from Morus alba, Morus nigra and
Morus rubra (Ercisli, 2004; Ercisli and Orhan, 2007).
Therefore, Turkey is known to be one of the most im-
portant mulberry fruit producers in the world. The pro-
duction of mulberry was 65140 t in 2008 (Anonymous,
2009). Mulberry fruit can be eaten fresh or dried. It can
also be processed into mulberry juices, paste, jam, pulp
or jelly (Maskan and Gogus, 1998) and several tradi-
tional products such as “Mulberry Pekmez”, “Mulberry
Pestil”, Mulberry Kome” in the Eastern and Central
part of Turkey (Orhan et al., 2007).

Mulberry fruits used for medicinal purposes (Bay-
top, 1996) have some biological activities such as anti-
microbial (Nomura et al., 1978), antifungal (Takasuki et
al., 1979), anti-HIV (Takasuki et al., 1982), anti-aller-
gic (Lee et al., 1998), antioxidant (Hikino et al., 1985;
Kim et al., 1999) and hypoglycemic activity (Kusano et
al., 2002). Mulberry fruits are rich in phenolics, antho-
cyanins and minerals (Ercisli and Orhan 2007; Gungor
and Sengul 2008). In human metabolism, minerals play
a significant role for health (Korel and Balaban, 2006).
They are required for normal cellular function and criti-
cal for enzyme activation, bone formation, hemoglobin
composition, gene expression, and amino acid, lipid
and carbohydrate metabolism (Wall, 2006).

Mulberry trees can be harvested many times for
their fruits in a long harvest season about 2-3 months
(Erdogan and Cakmakeci, 2006). Since, harvested ma-
ture berries may show variation in terms of mineral
concentrations at every harvest date. To our knowledge,
there was little information available on comparison of
mulberry fruit from different harvest periods in miner-
als. Hence, the aim of this research was to evaluate the
effect of different harvest dates on some physicochemi-
cal properties and mineral composition of mulberry
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fruit in a harvest season. This information would help
to know when mulberry fruit should be harvested for
mineral-rich berries which may be more useful for hu-
man health.

MATERIAL AND METHODS
Field Experiments

Field experiments were conducted on 25-year-old
mulberry trees belonging to Morus alba L. cultivated in
an orchard in Upper Coruh valley of Turkey in the years
2005 and 2006. Five mulberry trees, which are similar
growth status, were selected from the orchard. Selected
mulberry trees were harvested 11 times with five days
of interval between 5™ of July and 25" of August in the
years 2005 and 2006. Mulberry fruits harvested only
mature stages every harvest times. In each harvest, all
fruits from 5 trees were mixed and about 2 kg of sam-
ples were taken with three parallels. Mulberry fruits of
different harvesting dates were investigated in terms of
some physicochemical characteristics such as fruit size
(g), total soluble solid (TSS, %), fruit dry yield (FDY,
%) and color L, a, b of fruits, and mineral composition
of fruits such as N, P, K, Ca, Mg, S, Na, Fe, Mn, Zn
and Cu.

Physicochemical Analysis of Mulberry Fruits

Average fruit weight was determined with an elec-
tronic balance in 0.001 g sensitivity; TSS was deter-
mined with a Palet PR-32 refractometer; FDY, dried in
an incubator at 60 °C fixed temperature for 24 h, were
determined as the ratio of dry weight to fresh weight.
Determination of fruits color (L, a, b) was performed
in air dried fruit samples. For color analysis, the in-
strument was calibrated with a white reference before
measurements. Color of mulberry fruit was analyzed
through Hunter L (brightness; 100: white, 0: black), a
(+: red; - : green) and b (+: yellow; - : blue) parameters
with a colorimeter (Model CR 300, Chromometer, Mi-
nolta, Japan).

Mineral Analysis of Mulberry Fruits

In order to determine the mineral contents of mul-
berry fruits, samples were oven-dried at 68°C for 48 h
and ground to pass 1mm sieve. The Kjeldahl method
and a Vapodest 10 Rapid Kjeldahl Distillation Unit
(Gerhardt, Konigswinter, Germany) were used to deter-
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mine total N (Bremner, 1996). Macro- (P, S, K, Ca, Mg
and Na ) and micro-elements (Fe, Mn, Zn Cu, and B)
were detected after wet digestion of dried and ground
sub-samples using a HNO,-H,O, acid mixture (2:3 v/v)
with three step (first step; 145°C, 75%RF, 5 min; sec-
ond step; 180°C, 90%RF, 10 min and third step; 100°C,
40%RF, 10 min) in microwave (Bergof Speedwave
Microwave Digestion Equipment MWS-2) (Mertens,
2005a). Tissue P, K, S, Ca, Mg, Na, Fe, Mn, Zn and Cu
were determined using an Inductively Couple Plasma
Spectrophotometer (Perkin-Elmer, Optima 2100 DV,
ICP/OES, Shelton, CT 06484-4794, USA) (Mertens,
2005Db).

Data Analysis

Descriptive statistics for each trait were expressed
as Mean + SE. Harvest dates and years were consid-
ered as factors in the statistical analysis. There were
no statistical differences between years. Therefore, the
obtained data from two years was pooled. The statisti-
cal analysis was performed using GLM (General Lin-
ear Model) procedure of SAS package software. Mean
Separation was determined by Duncan’s multiple com-
parison test.

RESULTS

Physicochemical Properties of Mulberry Fruit:
Some physicochemical properties of mulberry fruit
are given in Table 1. At different harvest dates, fruit
size, TSS, FDY, color L, a, b for Mulberry fruits var-

ied between 2.32-3.18 g, 24.07-31.33%, 27.10-31.33%,
36.41-51.74, 4.42-8.20, 23.66-28.42, respectively. Sta-
tistically significant differences (P<0.01) were found
between harvest dates in terms of fruit weight, TSS,
FDY and color L, a, b of fruits. TSS, FDY and color L
value of fruit increased towards the end of the harvest
season.

Mineral Contents of Mulberry Fruits: Mulberry
fruit mineral contents, at difference harvest dates, are
given Table 2. The mineral compositions of the fruits
were determined between 3.10 and 3.36 g 100g! for N,
0.298 and 0.417 g 100g! for P, 1.82 and 2.12 g 100g"!
for K, 2.63 and 2.93 g 100g™! for Ca, 0.593 and 0.723 g
100g! for Mg, 0.180 and 0.325 g 100g! for S, 63.7 and
71.2 mg kg ! for Na, 114.3 and 126.3 mg kg ' for Fe,
69.8 and 76.8 mg kg ! for Mn, 29.0 and 36.2 mg kg !
for Zn, 11.2 and 17.2 mg kg ' for Cu during the harvest
season. There were significant differences (P<0.01) be-
tween the harvest dates in terms of P, K, Ca, Mg, S, Na,
Fe, Zn and Cu content of mulberry fruits and statistical
differences (P<0.05) were also found in Mn. Whereas,
no significant differences were found in N. K, Ca, Mg,
S and Zn minerals increased towards the end of the har-
vest season, but Na and Fe were their highest level even
at the beginning of the harvest season.

DISCUSSION

In the current study, both physicochemical proper-
ties such as TSS, FDY and color L value of fruit and

Table 1. Some physicochemical characteristics of mulberry fruit at different harvest dates

Harvest Average of 2005 and 2006
Average Total Soluble Fruit dry Color Value

Dates Fruit weight (g)  Solid (TSS, %) yield (FDY, %) L a b
5 July 2.32+0.06¢ 24.07+0.44¢ 27.10+1.14f 36.41+0.93¢ 8.20+0.29% 23.66+0.40¢
10 July 2.99+0.03% 26.58+0.49F 31.26+0.92¢ 39.50+1.864% 7.88+0.23¢2 24.33+0.32f
15 July 3.1040.03% 28.27+0.12¢ 33.05+0.52¢ 41.60+0.434 5.974+0.55% 25.26+0.364F
20 July 3.184+0.10* 29.06+0.07¢ 33.4440.544¢ 43.06+1.19< 5.934+0.46° 25.17+0.66<"
25 July 2.84+0.11¢% 30.54+0.22¢ 34.78+0.35¢ 46.11+1.83b 5.88+0.37° 26.984+0.84*¢
30 July 2.79+0.12¢ 30.63+£0.17" 36.00+£0.29 46.94+1.71° 5.90+0.31° 27.88+0.62%
5 August 2.794+0.10% 30.56+0.19¢ 35.2340.25b% 47.16£1.80° 5.56+0.16° 28.42+0.42°
10 August 2.66+0.09% 31.05+£0.11%¢ 35.8440.322 49.47+0.7% 4.86+0.25¢ 27.41£0.21%¢
15 August 2.60+0.08" 31.09+0.09%¢ 35.93+£0.29 51.62+1.01° 4.42+0.18¢ 26.47+0.50b¢
20 August 2.39+0.12¢ 31.17+0.10%® 36.42+0.20° 51.74+0.66° 4.42+0.22¢ 26.08+0.44¢¢
25 August 2.354+0.11¢ 31.334+0.02¢ 36.84+0.04* 50.16%0.92% 4.57+0.18° 26.75+0.40>4
Average 2.73+0.04 29.49+0.28 34.17+0.37 45.80+0.69 5.7840.17 26.22+0.22
F value 30.20** 172.8%* 77.5%* 15.6%* 34.9%* 8.8**
LSD 0.15 0.50 0.93 3.65 0.61 1.42

**: p<0.01

Cilt/ Volume: 2, Say1/ Issue: 3, 2012 19



[0°0>d “xex
S0'0>d ‘x
jueoyIuSIs ou :su

cre £8°C 06°¢ 9€9 |4 4 £0°0 <00 8§0°0 60°0 <00 LI0 asi
%l E e x0°C wx &V *xC9 N4 %08 xxl €l %99 sl € sugJ onpa 4
LSOFOFI 0r 0F€'[€ vL0F6°CL 9I'[F¥CCI LL0F8S9 10°0F96C°0 [10°0FL79°0 20°0¥8.L°C 20°0796°[ [10°0FCFE0D 200F61°€ 23124y

09°CF091 palV OFLTE ol EFOTL  ISEFEITL  SLIFS69  el00FLIECO0  2£0°0FESI0  I0°0FI6C aLO'0FIOT  »C0'0F86T0O  PO'OFICE snsny ¢z
e[L'TFCI1 @0TTF8EE  @ICTFSSL 8L TFOICT  9CTFL69  I00FSTEO  I0°0F0690  «CO'0FC6'T £0°0FCI'C pl0°0F0EE0 10°0FLTE 1snsny og
ql € TFETI 6L’ 0FC9E a8EEFCCL OV VFCYC] €0 CFELY  «CO0FLIEO :[0°0FECL0 :[0°0FE6'C 01°0F66'1 pl00FOIE0  CO0FCTE snsny g
eLOEFCLI abP T'TF8TE  o=lSIFSEL LIV SFEPVIT  (TOEFEPYY  CO0FE0E0  ql00F8LIYO0  oSOOFSL'T p€0°0FC8’1 pl00FLEE0  CTO0F0OCTE 1sndny 01

2260 [FLE] VEO0FSO6C o090 CFLTL  SCOTFCTSIT  oSOEFLLS  2q10°0F0ECO [0°0FOCLO  l00FCLT  wC00F88T  pI00FEIE0  ¥00FOI'E 1sndny g

SIE0FCTT -C8 IF86C 2 OI'IFOTCL €O IFOVCL  qEL'TFL'EY  2qCOOFLETO  pal00FO0S90  oP0'0FSLT  4C0°0FS6'T  pl0°0F0EE0  SO0FCTE Amf o¢
22C0'CFE -89°0F0°0¢ I8 CFLEL ,ﬂvm.owm.oﬁ OLEFSYY  alOOF8YTO  +qCO'0FSYI0  2CO'0FELT  -AC0°0FLO'T  pCO0FCHED  €O0FSI'E Ang 6z
s ['CFLEL JILTF0'6C aaPSTTFETL  CETFOBIT o8V IFSHI  q€00FLSTO  5I0°0FO6S0  +aLO'0FSLT aSO0'0FIOT  «£00FS6€0  B8OOFVI'E Anf oz
by 1F0°S1 [ €' 0F86C PSTFBIL  wCLOFSICL  €€TFLYI  pl00FOITO  4o€0°0FLOESO  2qSO'OFELT  2P0'0FE6'] «CO'0FLIY O 90°0FST°¢ Ag g1
8L 0FO V1 €0 TFSIE  2OTTFRIL  9EVFOOCL 9T IFS99  pC00FSOL'0  ST0°0F8LS0  pSO0FO69T 290 0FLO'T  2€0°0FE9E0  800FOI'E A o1
580" IFC T SJLTTFT6T oL8EFE69  09°EFL'STL  8LIFCIL  »I0°0FO8I0  ;9€0°0FE6S0  pEO0FEIT €0 0FI6°] pC0'0F86C°0 CroFoce LTS

(;- 8y Bw) (,-3Y 3uw) (-8 Sw) (-3 3w) (-8 3w) (3001 3) (3001 3) (8001 3) (8001 3) (3001 3) (3001 3)

sae(
np uz Ul LX | BN S S e) D, | d N

Hiiseyin KARLIDAG et al.

1S9AIRH
9007 PUE S00T JO ITLIIAY

SOJeP ISOAIRY JUSISIIIP 1k JINIJ ALIOq[NUW JO JUSJUOD [BISUIA *T dqeL,

Igdir Uni. Fen Bilimleri Enst. Der. / Igdur Univ. J. Inst. Sci. & Tech.



Determination of Physicochemical and Mineral Composition of Mulberry Fruits (Morus alba L.) at Different Harvest Dates

some minerals of fruit such as K, Ca, Mg, S and Zn in-
creased from beginning to the end of the harvest season
(Table 1 and Table 2). In mulberries, harvest season is
long about 2-3 months (Erdogan and Cakmakci, 2006).
Fruit load at the beginning of harvest was very high
whereas, it was the lowest at the end of harvest sea-
son. Since their nutritional status of berries may have
changed. The fruit load and tree’s ability to nourish
the berries may have varied over time as in the present
study. As long as the fruit load increases, fruit weight,
TSS and mineral content of fruit decrease in many fruit
species reported by Lenz (2000), Wiinsche et al. (2000),
Cengiz (2007), Ersoy and Demirsoy (2006).

In the other previous studies, fruit weights of mul-
berry genotypes grown in different ecological condi-
tions were determined to be a range of 1.13to 6.41 g
(Polat, 2004; Islam at al., 2006; Burgut and Turemis,
2006). The TSS of white mulberries was reported be-
tween 20.4% and 28.50% (Ercisli and Orhan 2007
Gungor and Sengul 2008). It was also reported that
color L, a and b value of white mulberry fruits were
found to be between 31.24 and 78.4, 2.46 and 15.68 and
4.58 and 21.74, respectively (Ercisli and Orhan, 2007;
Gungor and Sengul, 2008). Our fruit weight, TSS and
color values (L, a and b) results are comparable with the
data from these studies.

Previously, mineral compositions of white mul-
berry fruit were stated to be between 0.3 and 4.2 mg
100 g for Fe, 19 and 106 mg 100 g' for Mg, 152 and
510 mg 100 g for Ca, 45 and 1668 mg 100 g' for K,
0.2 and 0.5 mg 100 g! for Cu, 0.4 and 2.8 mg 100 g
for Zn, 2 and 3.8 mg 100 g' for Mn, 3 and 60 mg 100
g for Na, 247 and 7483 mgl100 g' for P (Ercisli and
Orhan, 2007; Gungor and Sengul, 2008). In the cur-
rent study, mulberry fruits were harvested 11 times and
data from 11 harvest dates. However, literature values
are only one harvest date. Therefore, this study shows
differences with results of Gungor and Sengul (2008),
and Ercisli and Orhan (2007). These differences may
also be ascribed to genotypes, fruit maturity, agricul-
tural practice, ecological conditions, such as climate,
altitude, soil factors.

CONCLUSIONS

According to the results, physicochemical proper-
ties of fruits such as TSS and FDY and mineral content
of fruits such as K, Ca, Mg, S and Zn increased towards
the end of the harvest season. Especially this increase

Cilt/ Volume: 2, Say1/ Issue: 3,2012

in mineral content of fruits suggests that late harvested
fruits may be more useful for human health compared
to earlier ones in the same harvesting season.
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