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The Effects of Simulated Acid Rain on Total Protein, Total Sugar and Vitamin C of
lVlulberry Leaves
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'Biology Education Departrnen! Faculty Teacher Training & Education, University of

Jember, j ektiJr@yahoo.com
2 Biology Department, Faculty Mathematic & Science, State University of Malang
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Abstract

important impact of human activities on plants is acid deposition, commonly called acid
. Acid rain is widely believed to be responsible for acidiffing soil and water. The

ives of this study was to detennine the effect of the simulated acid rain (SAR) exposure
total protein, total sugar and vitarnin C of mulberry Morus multicaulis Perr. leaves.
berry plants as many as 180 stems were grown on pots for 8 weeks and exposed to SAR

ents of pHs 5.6, 4.6 and 3.6. As a control were used a well water of pH 7.0 and artificial
rain without sulphuric acid of pH 6.2. Collected data were analyzed using Multivariate

and the significant results were continued by LSD and quadratic regression The reqults
that total protein, total sugar and vitamin C contents were decreased at SAR

Level acidity Off) 6.2 and dtrration of watering SAR 4 weeks has highest
leaf as observed, except protein. The highest protein was showed on watering

6 weeks in mature leaf of pH 6.2 (6.32%). The highest total sugar in SAR treatments
8-28yo in young teaf and vitamin C was 167.46 mg/100 g sarrrple in mature leaf for
ing 4 weeks. While coefficient regressions of efffect acidity level on protein, sugar and
in C contents were 0.61; 0,&;0.80 respectively. Plants watered with well water and

ificial acid rain of pH 6.2 exhibited higher biochemical content, as evidenced by mean total
total sugar and vitamin C plant leaf, than plants watered simulated acid rain.

words: Simulated Acid Rain, total protein, total sugar, vitamin C, Mulberry leaf.

Acidic deposition results from the combustion of fossil fuels, which provides heat

energy. When coal, oil, or other fossil fuels are burne{ acid-rain precursom are emitted

the atnosphere. These include nitrogen oxides (NO-) and sulfur dioxide (SOz).Once in

atmosphere, NO* and SOz are hansforme4 depending upon atmospheric conditions, into

nitrate and acid sulfate, otherwise known as nitric acid and sulfrric aci4 and fall back to

in rai& snow, fog, cloud water, particles, and gases (I{YSERDA,2005).

Acid rain can adversely affect plants in many ways including: l) damaging leaves

by damaging the protective wa(y coating which allows acids to diffirse into them,

the evaporation of water and gas exchange; 2) litter and soil leaching and elemcnt

by root (Haines & Swanlq 1988); 3) releasing aluminum ions attached to insoluble soil



particles which then hinder the uptake and use of nutrients and water by the plant; 4) leaching

cssential metal nuhients (such as potassium, calcium, and magnesium) from topsoil (Cronan"

l99l; Schaberg et al.,2000); (5) generally weakening plants such that they become more

ssceptible to damage from insects, disease, drought, or environmental extremes (Haines &

Swank, 1988); and 6) caused considerable changes both in photosystem 2 functional activity

lVelokova and Yordanov, 1996).

Less people aware that pollutants as sulfur dioxide and nitrogen oxides contain

cssential macror,unie"ir, 
"itr"gen 

and sulfur respectively, thus having some beneficial

rutritional effects on crops growing in nutient-poor soils. This area of 'pollution-science' has

mt been adequately studied and the literature is scattered (Gupta 2005).

Mulberry (Morus sp.) leaves are the only source of nutrition for silkworm. The growth

nd development of the larva and subsequent cocoon production are very influenced by its

r,rtritive value (Gosh et al-,2003). Effects of acid rain to mulberry plant is very important to

rnrdy. The objectives of this study was to determihe the effect of .the simulated acid rain

(SAR) exposur€ to total protein, total srrgar and vitamin C of mulberry Morus multicaulis

ftrr. leaves.

The research was conducted at Field Laboratory of Agricultural Departnent of East

Province, at Mulyoagung Dau Malang, Indonesia on October until December 2009. The

imental desrgn in the research was factorial randomized complete block design with two

The first variable of acidity level of simulated acid rain fteatrnents were pHs of 5.6,

3.6 and control of artificial rain water (pH 6.2), and control of well water (pH 7.0).

while, the second variables were artificial acid rain watering for two, four, six, and eight

. As a whole there were twenty combinations, each with three replications. Each

ication consisted of three plants. Therefore, mulberry plants are required to study as many

180 plants. Total protein, total sugar, *6 vitnmin C in young leaves and mature leaves

observed and arnlyzed. Four month-old vegetative twigs of selected Mulberry plant of

multicaulis Perr. was used in the research.

Artificial acid rain formulation using observation resul* of polluted rain at Sidoarjo,

Timur on March until April 2009 as follow:



Table l. Formulation of Artificial Acid Rain

Chemicals Contents (m/L dem ineralization water)
Ammonium sulphare - (NFI4)2SO4 7.2538
Natrium sulphate - Naz SOa 9.8040
Mafrresium sulphate - MgSOr 8.3009
Calcium Chloride - CaCl' 13.4125
Kalium Nihate - KNO. 4.9897
Natrium Nitrate - Nalfo3 3.2459
Natrium Fluoride - NaF 0.3525
Mag[esium Chloride - MgClz 2.t493
Demineralization watsr (TDS < 1.7)

An amount of HzSOc was added to bring the initial solution to pH 5.6, 4.6, or 3.6.

Artificial rain with pH 6.2 (without HzSOc) and well water with pH 7.0 were used as a

control. The pH value of all solutions were checked with a digital pHmeter. Mulberry was

watered every two days for two, four, six and eight weeks with approximately 500 ml per

polybag. Biochemical content of young and mature leaves were measured, according to

AOAC (1988).

Protein content was analyzed by the Semi-Micro-Kjeldatrl. A total of 2 gof pulverized

feaf was inserted into a 500 ml Kjeldahl flask and add 5 ml of HzSO+ (93-98% free of N).

Added 5 g of a mixtrne of Na2SO4-HgO (20:1) and l0 ml of distilled water. The mixture is

boiled until clear (approximately four hours) and reboiling for 30 minutes. After added 35 ml

cold distilled water and added 8.5 mL 45% NaOH solution were followed by distillation.

Distillate is collected in 6.5 ml solution containing boric acid (H3BO3 4Yo) and a few drops of

tbe indicator methyl red / methylene blue. As many as 25 ml distillate was titrated with 0.02 N

HCl. Total protein was calculated using the following formula-

ml titrationx N HClx 14.008x 6.25x100%
Protem (%): 

g ru-pl"r looo

Totat sugar was measned by Anthrone method using specfophotometry.

kaf samples are crushed and given l0 g of distilled water until it reaches the volume of 100

al and then filtered. As many as 5 mI of the filhate were then given 10 ml of anthrone reagent

ad heated in a waterbath at 100"C for l0 minutes. Appear green c,olor as a sign of total sugar,

tsn cooled guickly in a glass beaker containing cold water. After CuzO (red) was fonned,

ten was transferred to cuvette and shakered until homog€neous. Further on the value of

isorbance using UV-vis spectrophotometer at a wavelength of 620 nm with a red mark was

rbserved. Standard glucose was used as a standard.



Vitamin C content was estimated by titrametric method (Method-Iodometri Jacob).

Leaf samples were mashed with a mortal and weighed. As many as 10 g crushed leaves were

added with distilled water and stined until homogeneous. The solution was filtered until

reached 100 ml. A total of 25 ml of the filtrate were added with 0.5 ml of lolo starch indicator.

Subsequently, the filtrate was titrated with 0.01 N Iz standard solution until the color change

to blue was remain for 10-15 seconds.

Vitamin c (mg/toor) : 
ffi . ffi x 1oo

Data was analyzed using a Multivariate ANOVA by statistical analysis software SPSS

16. If the analysis of the data shows there are significant differences, then continued with the

ieast significant difference test (LSD) 5%. Moreover, to know the effect of treatrnent at pH

:.6,4.6, and 3.6 was conducted regression analysis on exposure 2,4,6, and 8 weeks.

Results and Discussion

This research has shown a decrease biochemical content of mulberry Morus

aulticaulis Perr. leaves, especially on total protein, total sugar, and vitamin C due to the effect

riacid rain. Simulated acid rain on weak acidity GrH 6.2) showed the highest result compared

rith the biochemical content of pH 5.6,4.6, and 3.6. Inaddition, acid rainwatering for 4

leeks showed a higher value than watering for 2,6, and 8 weeks. This was indicated by the

bghest total protein, total sugar and vitamin C in Mulberry young leaf were 5.sYo,8.28o/o, and

161.07 mg/100g, respectively. While in mature leaf, the same parameters showed the highest

rsult were 5.36yo, 7 . 7 lyo, and 167 .46 mg/100g.

Anova analysis showed that significant results were app€ar on all treatnents, except

leraction between treatrnents on vitamin C of mature leat with F value 1,94; df 12. The

omplete data was shown on Table 2.

t15le 2. Biochemical Content 6if+SD) of Mulberry Leaves on Simulated Acid Rain

Treatments Total Protein (7o) Total Suger (7o) Vitamin C (4dl00gL
Young Mlturc Young Mrturc Young Mature
Lcrf Lcef Lerf L.af tc.f Letf

Watering
for 2
weeks

Well water. 4.84+ 4.99 + 7.84+ 7.39+ 148-47 + 16139*
oH 7.0 0.05hi 0.02k]m 0.17hi 0.12i 1-06rj l-91
nrtincia rain, 5.01 + 5.17 * 8.04 + 7.66* 141.65 + 164.67 +

oH6.2 0.06 k 0.03n O.O2j 0.07k1 2-87fg q92-

pH 5.6 4-76+ 4.92+ 7-80+ 7.M* 145.63 + 154.&+
0.0ssh 0.03k 0.lEsh o.14jk 3.59hi 1.E3
4-44L 4.59 + 7.02* 6.66+. 133.52+ 147.28 +
0.Me 0.0sij 0.19e 0.l7sh 1834----?.01-

pH4.6

4



pH 3.6 4-12 r. 4.38 + 6.25 *
0.13c 0.03h 0.09c

5.92+ 109.52 +
0.18€ l . l2b

123.94 *.
3.80

Watering
for 4
weeks

Well water- 4.94* 5.01 + 7.94+
pH 7.0 0.03iik 0-0lln 0.l2ii

7.36+ 153.91 +
0.10 i  0 .91k

151.65  +
2 . 1  I

Artificial rairl 5.40 + 5.36 t 8.28 *
0.02m 0.060 0.06k

1.71*  161.07  *
0.141 1.921

167.46 *
l . 1 lpH6.2

pH 5.6 5.00 + 4.9',1 * E.09 +
0.08ik 0.0lkl 0.07ik

7.55 + 156.90 +
0.2likl 2.r9k

157.63 +
2-66

pH 4.6 4.67 + 4-63 + 7.37 +
0.1le 0.02i 0.05f

6.79 * 144.55 +
0.l2hi 2.07hi

149.22 *
o . l 2

pH 3.6 4.36*. 4.25+ 6.51 *
0.07de 0.04e 0.07d

5.76 * l2 l . l5 +
0.02e 3.66c

127.57 +
0.88

Watering
for 6
weeks

Well water,
pH 7.0

4.9 + 4.66* 7.74+
0.00ij 0.03j 0.0ssh

7.02+ 149.33 +
0.1l i  0.2t j

130.14  +
1.66

Artificial rain, 5.19 * 5.05 * 8.05 + 7.41 + 156.32 + 138.78 +
pH 6.2 O.o7l 0-Mm 0.04i 0.15i 1.80k 3.34
pH 5.6 4.72 + 4.35 + 7.60 + 6.53 + 148.27 + 108.28 +

0.03e 0.0Eh 0.09e 0.l2fs 2.84ii 5.43
pH 4.6 4.29 t 3.88 a 6.97 + 6.31 + 139.29 + 87.74 +

0.04d 0.0zle 0.09e 0.08f 2-59ef 1.66
pH 3.6 4.06r.  3.45+ 6.07+ 6.00+ 108.23a 64.98*

0.06c 0.04c 0.10c 0.13e 2.03b 1.75
Watering
for 8
weeks

Well wateq
pH 7.0

4-55+ 4 .15*  7 .06+ 5 .36+ 140,02+ 110.75+
0.03f 0.07f 0.14e O.22d 2-l4ef 3.03

Artificial raiq
pH6.2

4.84 + 4.53 * 7.34 + 5.91 + 147 .59 * I 19.51 +
0-06hi 0.06i O.l8f O.l5e 1.80hii l.8O

pH 5.6 4.16+ 3-64+ 6.67 + 4.77 + 131.67 * 86.66*.
0.05c 0.08d 0.13d 0.16G 1.96e 2-68

pH 4.6 3.92*. 3.04 + 5.69 * 3.87 + 124.10 + 63.23 r
0.05b 0.04b O.l lb 0. l lb 3.63c 1.78

pH 3.6 3-52* 2.83 + 4.74 *. 3.23 + 94.23 + 45.12 *
0.06a 0.02a O.l7a 0.084 1.96a 2.00

Means within a column followed by the same letter are not sipificantly different (P > 0.05; GLIvf) in ANOVA
(rsD).

Treatment of acid rain showed that at pH 5.6, 4.6 and 3.6 had lower biochemical

@ntent than controls. Increased acidity level was followed by biochemicals decrease. The

lowest result was at pH 3.6 on the acid rain watering for 8 weeks. In young leaves, the

bwest total protein, total sugar and vitamin C in young leaves werc 3.52Ya, 4.74Yo, and

114.23 m{100g. Whereas in mature leaves on the same parameterr were 2.83o/o,3.23Yo, and

f5.12 mg/100g.

Due to the data showed curve line on scatter plots, quadratic regression was used on

le analysis. The regression coefficient was wriuen on Table 3-

3. Quadratic Regression Coeftrcient d) of lciOity Level Effect to Biochemical Contenb of

Young Leaf Mature Leaf
o-6t2 0.054
o.&6 0.295

Leaves

0.E06 0.303



Effect of acidity level to protein, sugar and vitamin C contents of mulberry leaves in

leaf was greater than in mature leaf. The greatest effect was 0.806 in vitamin C

. It means that 80.67o the vitamin C was affected by acidity level, and 19.4% was

by the other factors-

lncreasing of total protein content at pH 6-2 can be understood. Typically, rainwater is

ranrally slightly acidic (pH slightly under 6), because carbon dioxide (COt in air is

ved by rain water will form carbonic acid, a weak acid (Re Velle & Re Velle,1992)-

eak acid is beneficial because it helps dissolve the minerals in the soil which are needed by

Potassium and Magnesium, which is an coenzyme, wzrs tied to the soil grains are

and absorbed by plant roots when exposed to weak acid. Mg2* is a coenzyme that can

efficiency in the metabolism of nitrogen into proteins. Along with protein increasing,

Mg et al. (2006) also stated that longtenn exposure of simulated acid rain affected to

ing of soluble sugar phosphate and soluble protein in eggrlant that caused the growth of

spider mite Tenanychus cinnabminas (Acarina: Tetranychidae) was promoted. Howeveq

acid rain (pH<3.0) inhibited the growth of both host plant and the mite. Acid rain also

releasing of Ca in the soil. Halman et al. (2008), suggested that the Ca-addition

t significantly increased fructose and glucose concentrations foliar red spruce (Piceo

Decreasing of vitamin A, E, and C content in Mulberry leaf at SAR exposure of pH

5.6 was occured. It was more their role as a nonenzymatic antioxidant system.

ing to Munzuroglu et al. (2005), vitamins A, E, and C contents in strawberry fruit was

reased with declining of rain water pH after 24-hour treatment. There are two basrc reason

the vitamin reduction in the fruit. The firs! the increasing the free oxygen radical

ion in the plant and the fruit due to acid rain stress, and plants use of the antioxidant

in order to resist the stress which results in a loss in vitamin levels. The second, in

crops, vitamin synthesis are inhibit by acidic condition. So, that acid stress

their metabolism.

In this researc[ total protein, total sugar and vitamin C due to SAR exposure for 4

was increased. It was because effect of sulfur in SAR was more accumulated. Sulfur is

of the mlcro elements to promote plmt growth (Ashenden, 2W2). The high sulftr content

increase the number of amino acids, especially cysteine and methionine. Besides as

block of proteins, amino acids also play as a precursor for a number of biomolecules,

porphyrin. Porphyrin complex is a molecular compound containing four pyrrole



compounds covalently bounded to be a ring, where in the chlorophyll, Mg is located at center

of porphyrin. Mg in the chlorophyll promotes formation of chlorophyll, which facilitates light

capture. Thus, glucose produced in photosynthesis reactions become more numerous.

However, when SAR exposure more than 6 weeks, all biochemical contents in Mulberry will

be decreased. On our observatioq the mulberry leaves were yelowish due to vegetative twigs

age more than 2.5 month afterpruning.

The amino acid cysteine and methionine contain approximately 90 percent of total

sulfur in most crop planb with almost all of these amiho acid found in protein (Rowland er

d/., 1988 cif. Gupta" 2005). Damage to membrane protein, perhaps by oxidation of susceptible

rmino and sulfhydryl groups on the surface of the membrane proteur, may be the cause of

dterations in permeability of the plasmalemma @ominy & Heath, 1985 cit. Gopta 2005).

lnteraction of SOz with amino acid residues in proteins of membranes and of enrymes would

anplif any deleterious effects. Decrease in total protein content due to exposur€ to SO2,

could be the result of a decrease in the rate of protein synthesis and/or an increase in the rate

of protein degradation

In soil systerq acidic deposition accelerates Cq Mg, and K losses. Increased acidity

llubilizes Al, and then displaces Ca" Mg, and K from soil exchange sites, which then leach in

iation with SO+ @ltiot et a1.,2008). In recent study, as watershed budget studies at the

Brook Experimental Forest (HBEF), New Harnpshire, USA, have demonsfrated high

depletion of soil during the 20th century due, in part to acid deposition. Over the past

yffus, tree gronrth (especially for sugar maple) has declined on the experimental

at the IIBEF (Juice et al.,200Q. Aluminum todcity is considerd as one of the

soil factors limiting root growth in acidic soils. Because of the insrease in organic

content in the upp€r few centimeters of soils under no-till systems (NTS), most Al in

solution may be complexed to dissolved organic C (DOC), thus decreasing its

(Alleony et a1.,2010).

Plants watered with simulated acid rain (below pH 5.6) exhibited lower biochemical

as evidenced by mean total proteiq total sugar and vitamin C Mulberry leaf, than

wat€red with well water of pH 7.0 and artificial acid rain of pH 6.2. Simulated acid rain

weak acidity (pH 6.2) and SAR for 4 weeks showed a highest biochemicals value.
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