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Effect of phosphorus fertilizer levels and parboiling of paddy on phytic acid and
mineral content of three rice (Oryza sativa L.) cultivars
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Table 1. Mean comparison of phytic acid content of grain of three rice cultivars in phosphorous fertilizer and parboiling treatments
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=B P fertilizer levels Phytic acid content Phytic acid content of paddy phytic acid content of paddy Phytic acid content of non Phytic acid content of
Rice cultivars (kg.ha") of paddy (mg.g") after soaking (mg.g") after steaming (mg.g™) parboiled white rice (mg.g") parboiled white rice (mg.g")
Gohar Yy 0 10.92k 10.91j 6.12j 3.31j 1.67k
40 11.52i 11.24h 6.31i 3.491 1.83j
80 12.52h 11.63¢g 6.91h 4.05h 2271
120 13.39g 12.10f 8.04f 5.08de 3.13de
Hashemi .- 0 14.43f 13.49¢ 7.73g 4.67f 2.76g
40 14.63d 13.62d 8.00f 5.03e 3.08e
80 14.69d 13.84b 8.28d 5.26¢ 3.25¢
120 16.05b 15.50a 10.71b 7.64b 5.08b
Khazar O 0 11.19j 11.101 6.08j 4.26g 2.46h
40 14.52¢ 13.47¢ 8.43¢c 4.76f 2.88f
80 14.92¢ 13.74c 8.14e 5.17cd 3.18cd
120 16.82a 15.51a 11.83a 8.62a 5.91a
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Table 2. Mean comparison of phtase activity and phosphorous content of grain of three rice cultivars in phosphorous fertilizer and parboiling treatments
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el P fertilizer levels Phytase activity in paddy Phytase activity in paddy after Phytase activity in paddy after P content of non parboiled white P content of parboiled white
Rice cultivars (kg.ha") (unitkg") soaking (unit.kg™") steaming (unit.kg™") rice (mg.100g™") rice (mg.100g™")
Gohar Yy 0 92.04h 121.91 346.16¢g 47.5k 59.5k
40 111.96e 124.68h 416.22¢ 51.6j 64.6j
80 138.96b 22.96a 639.47a 64.1i 80.3i
120 57.11k 103.69k 259.88l1 87.6e 109.3¢
Hashemi .- 0 81.05j 113.41j 282.31j 78.8g 98.7¢g
40 88.291 130.15g 343.5%h 86.2¢ 108.5¢
80 103.29f 136.77f 355.55¢f 91.6¢c 115.6¢
120 55.741 95.591 303.091 143.6b 180.3b
Khazar = 0 129.15d 152.16d 492.03d 69.8h 86.7h
40 137.55¢ 190.50c 533.67c 81.3f 101.5¢
80 175.16a 200.12b 547.44b 89.7d 112.6d
120 101.83g 138.94¢ 272.82k 166.8a 208.9a

LI (5l e gl ey &S ezl el 55 LSD 0 pa3T ol s eckin &5 2 o (5115 4T (gl 0 80Ln 055 2 53

Means in each column, followed by similar letter(s) are not significantly different at 1% probability level, using LSD test
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Table 3. Variation of phytic acid content of grain of three rice cultivars in phosphorous fertilizer and parboiling treatments

s Kb dl (S g X S 5l $Sth ol (g g i Lok 557 K el (5 g XS Ak 75 2 K 2h el (S et
b 35S Ol 51 g 36 3l (ot 53 o) (G
&2l P fertilizer levels Variation of phytic acid content ~ Variation of phytic acid content ~ Variation of phytic acid content ~ Variation of phytic acid content
Rice cultivars (kg-ha") after soaking (%) after steaming (%) in non parboiled white rice (%) in parboiled white rice (%)
Gohar a5 0 -0.09 -43.96 -69.69 -84.71
40 -2.43 -45.23 -69.70 -84.11
80 -7.11 -44.81 -67.65 -81.87
120 -9.63 -39.96 -62.06 -76.62
Hashemi .- 0 -6.51 -46.43 -67.64 -80.87
40 -6.90 -45.32 -65.62 -78.95
80 -5.79 -43.64 -64.19 -77.88
120 -3.43 -33.27 -52.40 -68.35
Khazar By 0 -0.80 -45.67 -61.93 -78.07
40 -7.23 -41.94 -67.22 -80.17
80 -7.91 -45.44 -65.35 -78.60
120 -7.79 -29.67 -48.75 -64.86
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Table 4. Mean comparison of grain yield, Fe and Zn content of three rice cultivars in phosphorous fertilizer and parboiling treatments
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=205 Grain yield white rice white rice white rice white rice non parboiled white rice in parboiled white rice
Rice cultivars (kg.ha™) (mg.100g™) (mg.100g™) (mg.100g™) (mg.100g™) (mg.100g™) (mg.100g™)
Gohar Yy 4187.1a 598 a 6.87 a 1.63 b 1.88b 26.59 a 12.87b
Hashemi _.ala 3926.8b 5.60b 6.53b 2.06a 248 a 28.25a 16.29 a
Khazar P 3934.7b 535b 6.32b 2.17 a 2.39a 2737 a 16.40 a
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Table 5. Mean comparison of grain yield, Fe and Zn content of three rice cultivars in phosphorous fertilizer and parboiling treatments
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P fertilizer levels Grain yield parboiled white rice white rice parboiled white rice white rice non parboiled white rice in parboiled white rice
(kg-ha™) (kg-ha™) (mg.100g™) (mg.100g™) (mg.100g™) (mg.100g™) (mg.100g™) (mg.100g™)
0 3558.7¢ 594 a 7.15a 2.34a 297a 17.40 ¢ 7.66 ¢
40 3859.4b 5.71 ab 6.75b 1.96 b 2.26Db 22.43 be 11430
80 4256.3a 5.50b 6.27c 1.90bc 2.09b 25.79b 14.03b
120 4390.3a 543 ¢ 6.12 ¢ 1.63 ¢ 1.68 ¢ 44.00 a 27.64 a
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Means in each column, followed by similar letter(s) are not significantly different at 1% probability level, using LSD test

Yav


https://dor.isc.ac/dor/20.1001.1.15625540.1394.17.4.1.9
https://agrobreedjournal.ir/article-1-577-fa.html

[ Downloaded from agrobreedjournal.ir on 2025-07-12 ]

[ DOR: 20.1001.1.15625540.1394.17.4.1.9 ]

038 ite s A oS sk SN

N T BLALY AN JETRRYRC SN
el el g i T 0> UFY
T 5 o) 14 215 0L bl 4 e il
Tl 03 e g g s s Shes 2 Saud 5 S
ww@u.:ﬁ)b@yu\-ﬂ):&;@&&»\
313 0L adls 3 Shae  ied 355 7 sh 31 Sl
33,5 o 3 Shas alS o Jid 35S 45
oS SN S A ol ys s s, Shee o 2t
Tl 53 2, Nas o 208 5 LSS > palles i
sdalie JLSa 53 alls jind o S USFr 5 i
55t 8l als 5 Shae Kl (F Jpd) A3
YAYE FINY s 55 5 oila 28 o
il Jada) s o LK s pf,gswwm
IV alS iomen 5 &S g 4l Sl Gdoys AF
Shw VY palS Eel oy als sluw (gdo )3 #)
ool s 8 is s paS Ll h s il s Sles
z s 51 sz 53 (Alam et al., 2009) Ol
5 s 3 Shas (sl 3 Shas i 55
VY el 53 ls 5, Shas (g3 FO il 31 e
CJ"'“A.C«-@‘JJ‘-&“)-’JA‘-"M(‘;)-‘;
il s QLS s Jaud o S AST i) dali
G el s 508 15E s sl
(Gebrekidan and Seyoum, 2006) p g 5 OIS S
35 I G b ) s sy jand sk 2153
03tk SIS 5 a o 0 )3 a5 SlUas il 5
05 slaadlsn  HU L pdiee 8 sk 5 (a2
13 Ses 5 gLl 5 b dob ekl iz

a3 e il

NG
ol LS sl ol Sl LT s
T pL) als ESabinl (ol s Siud 355 - sk
L Obejan 23l 5l 55 03 fhud glo 3 p 8 &S
s S BT 30 Jds 4y ol i (gl g il 3

YA

5SS Ve S e VIFS i el
Vor s 8 e /A oS e o (555 Sl s
:)SC}L.»JJ\SJB Ol iyl 4 o S
B BT TSR ERC Wk NP PRRUI I
b Rl L ST sl 0L la Sl g lie s
Troene Sl (g S i 355
o7 GRIP s g b se ) 8L R Ak
2 e 51 5 il Szl (g g Rl 5 i
5Ll e 5 0B s ) sl gme alS
C s S s p 53 (Yang et al., 2011) Ol an
41> Szl 5 (S5 phud S gimn 2 (S5) 5 b
P S I b e Sl
@uw\_wlﬁ..ug;g;,tfl,wﬂ&gwl
sodd gy i mlo Jaud 5 S sl L1EHAET
ol s o alST als g aks ;53 69y (6l s
03 3 0l als ezl (gl goe il 1 Eol i
DRl 5 (65 an Sl (Jye Sl ans
b o
C)L.»jvﬁjjl‘\f:b;)wdvjtubqﬁ@w
T a1 G 4 Kbl Jgo a5 Shd > S
a Szl g i 5 SSe 3 513 me 3 S
VAV s jan 555 5 bl a5 06l 55 (55,
PO Ol (O ) s S5 VF/F 5 19/YR
4S 315 0L (55 40 Szl (Jse S p 05
G ) b3 OV B P falS Eelb 05 8 5 i
o i b 35S 7 gl J1 i O e 5 8
03,5 3t 45 515 OUS 35 (59,5 4 Sadibnl 5o
05 ge3ls alS w300 BTV Ol jma |y Cad oy
b Rl s s e s Sl e
55, s (Atukorala, 1987) Y1, 45" 51 (¥ J gu>)
U edglan ol sl ge 5l lm e 5 (5355 5o
S350 4 Sl (J g0 o T 038 St

é}—ﬂwobﬂ\_?&l_o)'.\')b.bj_dj)‘jj\)


https://dor.isc.ac/dor/20.1001.1.15625540.1394.17.4.1.9
https://agrobreedjournal.ir/article-1-577-fa.html

[ Downloaded from agrobreedjournal.ir on 2025-07-12 ]

[ DOR: 20.1001.1.15625540.1394.17.4.1.9 ]

VWRE Olin oF o5leh coacia dlor "0 1 6155 p sk dond”

o aY 1SS Sl ele & dy o b
d> 0 3 c.U)\.schQ))jJTqY sdle on 4ls
SEIEN W BTG PUN EVNCSPEEVYINE S PR b
1o sle it g 5l Sl L syl Al
3o 5 Eol 505503 B9k p s s lT 5L 5 4l
ey A s Lgd  h n ah glde
Syt A1 el 03,5 1y iy AT S
sladsbe 5 T & e G b Sl e (1 Solie
S hl e 5 e gl T A 0555 T
Slsn alS 5o b Sl gl ole o s

2 55 g !

15 S35 5 raT Glamme (59 5 T i
S asls oy s ) Glgmmee JialS Ll ials
ot B 805 (6 31 Sl (B 5 s S
SalS el gosls ialS I asls g9y 9 pnT
ot e Blhe 530338 o i sl i )
T s pland S50 polss UL 02,8
B ghse g m W13 (@MHE 555 CohS 5 g o
Sl S dnl (gl gz 05,5 o i AT 5 s
e 5 odo Og)s 5led f_)JT RS- | FL I NEY
T p b s eSadiul il sl sl
R - R T T P A P PSR

References odlawl 890 xlo

Adjakaiye, C. 1979. Effect of phosphorus on growth and iron nutrition of millet and sorghum. Plant Soil.
51:551-561.

Alam, M., M. Ali, A. Ruhulamin and M. Hasanuzzaman. 2009. Yield attributes, yeild and harvest index of
three irrigated rice varieties under different levels of rice phosphorus. Adv. Biol. Res. 3(3-4): 132—-139.

Albarracin, M., R. J. Gonzilez, S. R. Drago. 2013. Effect of soaking process on nutrient bio-accessibility and
phytic acid content of brown rice cultivar. Food Sci.Technol. 53 (1): 76-80.

FAO, 2012. http//www.fao.org/statistics.

Atukorala, T. M. S. 1987. Zinc and copper content of some common foods. J. Nat. Sci. Council of Sri.

15 (1): 61-69.

Chalova, V., I. Manolov, M. Nikolova and L. Koleva. 2012. Effect of fertilization on phytase and acid phosphatase
activities in wheat and barley cultivated in Bulgaria. Agric. Food Analytic. Bacteriol. 2: 103-110.

Chinnaswamy, R., K. R. Bhattacharya. 1983. Studies on expanded rice. Physicochemical basis of varietal
differences. J. Food Sci. 48: 1600—1603.

Coulibaly, A., B. Kouakou and J. Chen. 2011. Phytic acid in cereal grains. Am. J. Plant Nutr. Fertil. Technol.
1(1): 1-22.

Emgelen, A. J., F. C. V. Heeft, P. H. G. Randsdrop and V. A. C. Somers. 2001. Determination of phytase
activity in feed by colorimetric enzymatic method: Collaborative interlaboratory study. J. AOAC
International. 84: 629-633.

Doesthale, Y. G., S. Devara, S. Rao and B. Belavady. 1979. Effect of milling on mineral and trace element
composition of raw and parboiled rice. J. Sci. Food Agric. 30: 40-46.

Douglas, G. D., L. S. Scarminio, D. S. Anunciacao, A. S. Souza, E. G. P. da Silva and S. L. C. Ferreira.

Y14


https://dor.isc.ac/dor/20.1001.1.15625540.1394.17.4.1.9
https://agrobreedjournal.ir/article-1-577-fa.html

[ Downloaded from agrobreedjournal.ir on 2025-07-12 ]

[ DOR: 20.1001.1.15625540.1394.17.4.1.9 ]

035 ptn s A 2SS w e 1Y
2013. Determination of the mineral composition of Brazilian rice and evaluation using chemometric
techniques. Anal. Methods. 5: 998-1003.

Gebrekidan, H. and M. Seyoum. 2006. Effects of mineral N and P fertilizers on yield and yield components of flooded
lowland rice on Vertisols of Fogera plain, Ethiopia. J. Agric. Rural Dev. Tropics Subtropics. 107(2): 161-176.

Greiner, R. and U. Konietzny. 2006. Phytase for food application. Food Technol. Biotechnol. 44 (2): 125-140.

Hafeez Khan, S., M. Sadiq Butt, F. M. Anjum and A. Jamil. 2009. Antinutritional appraisal and protein
extraction from differently stabilized rice bran. Pak. J. Nutr. 8 (8): 1281-1286.

Haldar, M. and L. N. Mandal. 1981. Effect of phosphorus and zinc on the growth and phosphorus, zinc,
copper, iron and manganese nutrition of rice. Plant Soil. 59: 415-425.

Hapuarachchi, S., J. Gooneratne and S. C. Kumarapperuma. 2003. Effect of parboiling on the reduction of
phytate in different varieties of rice. Sri Lanka Association for the Advancement of Science. Proceedings of
the 59™ Annual Session-Part I-604E2. (Abs.)

Haug, W. and H. J. Lantzsch. 1983. Sensitive method for the rapid determination of phytate in cereals and
cereal products. J. Sci. Food Agric. 34: 1423-1426.

Heinemann, R. J. B., P. L. Fagundes, E. A. Pinto, M. V. C. Penteado and U. M. Lanfer-Marquez. 2005.
Comparative study of nutrient composition of commercial brown, parboiled and milled rice from Brazil. J.
Food Composition Analysis. 18: 287-296.

Hussain, N., M. Bismillah khan, R. ahmad, M. arifali, N. ahmed and S. Saeed. 2011. Physiochemical traits,
productivity and net return of wheat as affected by phosphorus and zinc requirements under arid climates.
Pak. J. Bot. 43(2): 991-1002.

Islam, M. A., M. R. Islam and A. B. S. Sarker. 2008. Effect of phosphorus on nutrient uptake of Japonica and
Indica rice. J. Agric. Rural Dev. 6(1&2): 7-12.

Lang, N., T. A. Nguyet, N. phang and B.Ch. Buu. 2007. Breeding for low phytic acid mutants in rice (Oryza
sativa L.). Omonrice. 15: 29-35.

Liang, J., Z. Li, K. Tsuji, K. Nakano, M. J. Nout and R. Hamer. 2008. Milling characteristics and
distribution of phytic acid and zinc in long- medium- and short-grain rice. J. Cereal Sci. 48: 83-91.

Ma, X. and A. Shan. 2002. Effect of germination and heating on phytase activity in cereal seeds. Asian- Austr.
J. Animal Sci. 15: 1036-9.

Minhas, T. R. 1994. Response of rice based cropping system to soil and foliar application of zinc under
integrated fertilization. M.Sc (Hons). Department of Soil Science. University of Agriculture. Faisalabad.
Pakistan.

Mirnia, Mk. and M. Mohammadian. 2005. Rice, Nutrient Disorders and Nutrient Management. Mazandaran
University Press, pp. 436. (In Persian).

Odenigbo, A. M., S. A. Ndindeng, C. A. Nwankpa, N. Woin and M. Ngadi. 2013. In vitro starch digestibility

YV


https://dor.isc.ac/dor/20.1001.1.15625540.1394.17.4.1.9
https://agrobreedjournal.ir/article-1-577-fa.html

[ Downloaded from agrobreedjournal.ir on 2025-07-12 ]

[ DOR: 20.1001.1.15625540.1394.17.4.1.9 ]

VWRE Olin oF o5leh coacia dlor "0 1 6155 p sk dond”

and nutritional composition of improved rice varieties from Cameroun. Europ. J. Nutr. Food Safety.
3(4): 134-145.

Puwastien, P., T. E. Siong, J. Kantasubrata, G. Craven, R. R. Feliciano and K. Judprasong. 2011. ASEAN
Manual of Food Analysis. Regional Center of ASEAN Network of Food Data System, Institute of Nutrition,
Mahodol University, Thailand.

Roboy, V. and D. B. Dickinson. 1984. Effect of the phosphorus and zinc nutrition on soybean seed phytic acid
and zinc. Plant Physiol. 75(4): 1094-1098.

Sandberg, A. S. and U. Svanberg. 1991. Phytate hydrolysis by phytase in cereals; effects on in vitro estimation
of iron availability. J. Food Sci. 56(5): 1330-1333.

Sepehr, A., M. Malakouti, B. Kholdebarin, N. Karimian, A. Samadi, H. Rasouli, F. Nourgholipour, H.
Rezaei and Z. Khademi. 2009. Evaluation P uptake of different varieties of cereals. Iran. J. Soil Water Sci.
23(2): 125-133. (In Persian with English abstract).

Srivastava, R. N., T. D. Biswas and M. B. Das. 1995. Influence of fertilizers and manures on the content of
phytin and other forms of phosphorus in wheat and their relation to soil phosphorus. J. Indian Soc. Soil Sci.
3:33-36.

Tanaka, K., T. Yoshida and Z. Kasai. 1973. Radioautographic demonstration of the accumulation site of
phytic acid in rice and wheat grains. Plant Cell Physiol. 15 (1): 147-151.

Yang, Z., X. Ke, W. Hai-yan, L. De-jian, L. Bing-wei, S. An-qin, Z. You-yan, L. Xue-chao and Z. Zhen.
2011. Effects of phosphorus levels on grain yield and quality of super rice Nanjing 44. Chinese J. Rice Sci.
25(4): 447-451.

Zai-Hua, G., D. Ping, H. Yuan and X. Cai-Guo. 2006. Genetic analysis of agricultural trails in rice related to

phosphorus efficiency. Acta Genetica Sinica. 33(7): 634—641.

YV


https://dor.isc.ac/dor/20.1001.1.15625540.1394.17.4.1.9
https://agrobreedjournal.ir/article-1-577-fa.html

[ Downloaded from agrobreedjournal.ir on 2025-07-12 ]

[ DOR: 20.1001.1.15625540.1394.17.4.1.9 ]

"

038 ptn s A 2SS w e
Effect of phosphorus fertilizer levels and parboiling of paddy on phytic acid

and mineral content of three rice (Oryza sativa L.) cultivars

Vahabzadeh, M.!, M. Esfahani’, A. Aalami’, A. Shhadi-Koumleh®,
S.A. Fallah-Shamsi® and S. Hemmati®

Abstract
Vahabzadeh, M., M. Esfahani, A. Aalami, A. Shhadi-Koumlh, S.A. Fallah-Shamsi and S. Hemmati. 2016. Effect of

phosphorus fertilizer levels and parboiling of paddy on phytic acid and mineral content of three rice (Oryza sativa L.) cultivars.

Iranian Journal of Crop Sciences. 17(4):258 -272. (In Persian).

To study the effect of phosphorus levels (0, 40, 80 and 120 kg.ha™") and parboiling of paddy on phytic acid
and mineral content of three rice varieties, a field experiment was carried out as factorial arrangements in
randomized complete block design with three replications at Rice Research Institute, Rasht, Iran, in 2012.
Results showed that soil phosphorus deficiency decreased grain yield. The highest grain yield was observed at
phosphorus levels of 80 and 120 kg.ha™ and the least yield was obtained in phosphorus levels of 0 and 40 kg.ha’l.
Results also showed that by increasing the soils phosphorus levels, phytic acid content increased but decreased
Fe and Zn contents and availability. The highest phytic acid content was observed in Khazar cultivar and
phosphorus level 120 kg.ha'1 (16.82 mg.g'l). A reduction in the phytic acid content was observed after
parboiling, showing over 80% reduction in 3 rice cultivars. Least phytic acid content was observed in Gohar
cultivar and 0 kg.ha"' phosphorous (1.67 mg.g™). Parboiling also increased mineral contents such as phosphorus,
Fe and Zn in parboiled milled rice. During parboiling process phytase enzyme activity increased and the highest
phytase activity was observed in 80 kg.ha” phosphorus in all rice cultivars. Results revealed that increased
phosphorus content enhanced phytic acid content and decreases phytase activity and mineral nutrition content.
However, parboiling reduced phytic acid content. Reduction of phytic acid during parboiling can be attributed to
the enzymatic hydrolysis taking place during soaking and steaming and the breakdown of the ring structure of

phytic acid during heat treatment of parboiling.

Keywords: Phytase enzyme activity, Fe content, Phosphorus content, Mole fraction of PA:Zn, Rice and Zn

content.
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