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Starch phosphatc or high dcgrec of substitution may be prepared using 
phosphorus pcntoxide either in pyridine or in benezene. Both these solvents act not 
only as the rcaction medium but they also deteriorate the starch matrix. 

Starch phosphates attract attention of producers of food as good gelating 
agents, sorbents and biologically active preparations. The preparation of starch 
phosphate of the high degree of substitution is a task of scientists [l]. Thus far 
reported methods of esterification of phosphoric acid with starch involve 
phosphorus acid and its salts as well as phosphorus oxychloride as pho­
sphorylating agents. The degree of the substitution of starch with phosphoric 
acid groups is poor and does not exceed usually 0.1. Even if the degree of the 
substitution of the starch phosphate is low there is a chance of intluencing of the 
properties of gels made of them by adjusting suitable reaction conditions [2, 3]. 
Salts of phosphoric, metaphosphoric and pyrophosphoric acids are compounds 
which poorely penetrate starch grains. Therefore, they may be used together with 
coreagents which loose the starch matrix. They are, for instance, alkali [4] or urea 
[5]. The addition of coreagents may be omitted by steaming of starch prior to 
reaction with phosphates [6]. Recently the phosphorylation of starch with 
phosphorus pentoxide has been reported and starch matrix has been loosed by 
preheating of starch prior to reaction with sodium carbonate [7]. In our work, the 
reaction of starch with the same phosphorylating agent is preceded by the 
deterioration of starch matrix by the effect of either pyridine or benzene. 

MATERIALS AND METHODS 

Oven-dried potato starch (Głowno, 1989) (10 g) was placed in dry either 
benzene (50 mL) or pyridine (50 mL) folowed by addition of phosphorus 
pentoxide (1 to 20 g as shown in Table 1 ). The whole reaction mixture was stirred 
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for I h at room temperature. The temperature was gradually rosen up to 80°C 
and maintained for 4 h. After the reaction was over the sol vent was tak en off by 
distillation under reduced pressure. The solid residue in form of granules was 
slowly transferred into cracked ice and a lkalied to pH 8 using saturated aq. 
NaHCO3 solution. The solid was filtered off on sintered glass fil ter washed on the 
filter with 20-30% aq. ethanol then with pure ethanol and dried over molecular 
s1eves. 

Tab I c I. The phosphorus con tent in sta rch phosphatcs and dcgrct.: or substitution with 
phosphorus acid moieties 

Starch:P4O"' 
Phosphorus contcnt Number or phosphorus I Rcaction (Rcaction organK inorganic conditions moictics on 

i mixturc) [mg "!.,j [mg%] I glurnsc unit 
I 
i IO: I 172.7 44.30 Bcnzcnc. > 60" 0.02X 

I ! 
IO: 2 675.0 1170 as abovc 0.109 

! IO: 3 1070 20.17 as ahovc I O.IT!. 

IO: 5 1835 423. 2 as abovc I 0.295 
IO: 5 4268 863.2 Bcn zcnc. 80" i 0.68 7 

10: 5 570.0 279. l Pyridinc. > 60" 0.09 

10: 5 1273 220.3 0.205 Pyridinc , 86" 

I 10:10 2061 1843 Bcnzenc. > 60" 0 .33 

I 10:20 6452 2162 as abovc 1.04 

I 
Native 

I starch 73.43 0.81 

Organically bonded phosphorus and total phosphorus content were deter­
mined according to Marsh (8). The results are presented in Table l . 

Sam pies of processed starch were characterized by means of characteristics of 
gelation (Rheotest II apparatus) in 7.2% aqueous suspensions. The speed of 
rotation of cylinder was 8 a = 27 cycles/min . 

Reaction with iodine was run according to (9] using Specord UVVIS 
spectrophotometer with 100 mm quartz. The rneasurement range was 250-800 
nm . 

Observation of samples under polarized light was carried out with BIOLAR 
FL fluorescent microscope 221, PZO Warszawa, Poland. 

X-Ray debayograms were run using the TUR-62 + HZG apparatus, GDR 
with the copper lamp of AcuK, = 1.54178 A.. I 

IR - absorption spectra were measured in the K Br pellets in 5.9 to 6.9% 
concentrations using SPECORD-IR Zeiss Jena spectrophotometer. 

RESULTS AND DISCUSSION 

As shown in Table l the phosphorylation of starch could be achieved with 
a high effectiveness. The content of phosphorus in esterified form exceedes by 
one two orders that in starch phosphates resulting frorn the use of phosphates as 
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phosphorylating agenls. The calculations based on the content of bonded 
phosphorus point that in the most eslerified starch each D-glucose unit carries 
one phosphorus acid moiely. The relevant data for other prepared starch 
phosphates are included in Table I. 

Benzene medium appears to be more suitable than pyridine. Pyridine 
which better solvales starch than benzene (the higher mutual affinity of both 
reagenls) hinders lhe reaction sites of starch. The phosphorylation by 
described melhod does not affect the construction of the starch grains to any 
essential extenl. The starch grains save their polarization crosses that may be seen 
under polarized light. However, as the content of bonded phosphorus in 
starch increases the polarizalion crosses cease. The gelation of grains 
which readily lakes place in cold water is responsible for it. The chara­
cteristics of gelation show that benzene is more than pyridine matrix 
deteriorating solvent. Starch phosphorylated in pyridine exhibits a gelation 
curve whereas starch phosphorylated to a similar extent in benzene does 
not gelate but f ully dissolves in wa ter to give slightly viscous solution 
(Table 2) . 

Tab I c 2. Th..: characwrist ics or gciation or 7.2% a4ueous suspensions of starch phosphatcs 

Phosphorus 
T k contcnt 

[mg% ] ("C] 

127. T' 58.5 
675.0" 

1835.0" 60 
2061.0" 
4268.0" 
6452.0" 

570 0h 62 
1273.()h 6~ :'i 

73.4" ()2 

~ The phosphorylation in hcn1cni.:. 

1, The phosphoryla1ion in pyridinc. 

I 

The original st.1n.:: h hd"tm! prot:cssing. 

1Jmax 

[mPa.s] 

1636. 5 
bclow the 
42 I 

bclow the 
bclow the 
bclow the 
108 
150 

1940 

T r,96 rf ,o ffiilK '1% .!20 

("C] [mPa.s] [mPa.s] 

67 167 227 1273 
scnsitivity of the viscosimctcr 

80 I 18 I 18 I 42 
scnsitivity of the viscosimeter 
sensitivity of the viscosimeter 
scnsiti vity of the viscosimeter 

72 

I 
18 6 24 

80 84 52 120 
73 72 168 1940 

The phosphorylation with our method delivers products which barely slightly 
affects the gelation properties of original starch as long as the yield of 
phosphorylation is low (for instance, 172. 7 mg¾). More phosphorylated 
products, especially these prepared in benzene, form aqueous solutions of very 
low viscosity that the gelation characteristics could not be measured . 

Table 3 presents the positions of the absorption maxima in the spectra of 
phosphorylated starch - iodine complexes. 

They pro vide the calculation of an average length of the chains starch matrix. 
The results of the calculations are also included in this Table. One may see that 
the average lenght of the chains increases in respect to that in original 
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Tab I c 3 . The UYVIS characteristics of the starch phosphatc complcxes and the avcragc length of 
the chains of D-glucose units. 

Phosphorus con-
Number of D-glucose 

tent in the sample Maxima [nm] and their intensity 
units in the chain 

[mg% ] 

73.4 355 .5 (.2566), 400.5 (.0902), 575.7 (.0867) 27.9 
570.0 354.0 (.4027), 420.0 (.1423), 593.4 (.2635) 5 1. 7 
675.0 379.8 (2.26), 400.4 ( 1.186), 555.2 ( 5712) 44.3 
1835 377.5 (1.515), 425.7 (.7412), 575.7 (l.294) 59.5 
2061 385.6 (.6442), 400.5 (.5366), 420.0 (.7850) 

566.5 (.7850) 51. 7 
4422 356.0 (.4043), 378.1 (.3553), 577.0 (1.716) 60.8 
6452 379.8 (2 .14), 400.5 (1.446), 429.4 (1.179) 

547.9 (1.537) 40. 5 

starch. It suggests that phosphorylation has a crosslinking character. I ndeed , the 
phosphorylation has some influence on the ordering of the elements of the starch 
matrix as shown by debayograms of starch phosphates. The starch with the 
highest degree of the substitution is the least amorphous. The extent of 
crosslinking does not parallel to the increase of the phosphorus content. Thus 
original starch has the shortest chain and the most esterified starch have not got 
the longest chain. The degree of the esterification has undoubteadly some 
influence on the susceptibility of the preparation towards hydrolysis. The 
hydrolysis produces so-called hydrogen starch phosphate which is unstable on 
storage because of its futher proton catalyzed autohydrolysis of glycosidic bonds 
[1 O]. Some evidence of susceptibility of our starch phosphates to the hydrolysis 
comes from the insight into IR absorption spectra. 

There is well visible buy broad peak centered a t 1250 cm- 1 in the spectra of 
freshly prepared starch phosphates. Its intensity in the spectra of dry starch 
phosphates increases with the content of bonded phosphores in starch phoshate. 
This broad peak is separated from a neighbouring peak at approximately 1160 
cm-1 by a minimum at 1225 cm-1

• However, after leaving starach phosphate in the 
open air this minimum and the peak at 1250 cm-1 cease in favour of a broad curve 
descending from 1250 to 1160 cm-1

• 

LITERA TU RE 

I. Jarowenko W.: Modified Starchcs: Propcrties and Uses, (cd. O.B. Wurzburg), C RC Boca Raton. 
Fl a., 1987, 55 . 

2. Fortuna T., Gibiński M., Palasi1\ski M. : Wpływ stopnia podstawienia fosforem na właściwości 
fosfo ra nów monoskrobiowych, Acta Aliment. Pol. 1990, XVI (1-2), 27. 

3. Fo rtuna T.: Fizykochemiczne właściwości fosforanów jednoskrobiowych różnego pochodzenia, 
Zesz. Nauk . Akad . Rol n. in . Hugona Kollątaj a, Kraków. I 989. 231. Ser. Techno I. Żywn. (3), 17. 

4. Hubbart E.D., Ha rvey R.D. , Hogen H.L.: US Patent 186 4. 566. 910; Chem. Abs .. 1987, 104 
151199 p. 



Phosphorylatcd starch of high dcgrcc of substitution 295 

5. Higashida K., Yasui T., Kudo K.: Japanesc Patent 1987 62,146,602; Chem. Abs. , 1987, 107, 
156795h. 

6. Kosicki Z. , Biclarz H ., Grześkowiak M ., Słowińska K.: Polish Patent 1983 124,343; Chem. Abs., 
1986, 104, I 88575j. 

7. Kozlova N.Va ., Melnichenko I.V. , Liptuga N.I. , Yasnikov A.A. : Solid-phase synthesis of 
phosphorylatcd starch. Doki. Akad. Nauk Ukr. SSR, Ser. B. Geol. Khim. Biol. Nauki, 1988 (5), 
38-40. 

8. Marsh B.B.: The estimation of inorganic phosphate in the presence of adenosine triphosphate. 
Biochcm. Acta, 1959, 32,357. 

9. Richter M ., Augusta! S. , Schierbaum F.: Ausgewaehlte Methoden der Staerkechemie VEB 
Fachbuch Vcrlag, Leipzig 1965. 

IO. Pałasiński M. , Autohydroliza skrobi wodorowej, Zcsz. Nauk. WSR, Kraków, 1968, 7, Ser. 
Rozprawy, 1-93 . 

Author.1· address: Mickiewicza Ave. , 24/28 , 30-059 Cracow, Poland 

K. Marusza, T. Fortuna. P. Tomasik 

SKROBIA FOSFORYLOWANA O WYSOKIM STOPNIU PODSTAWIENIA 
Katedra Technologii Wr;glowodanów, Akademia Rolnicza im. Hugona Kollątaja , Kraków 

Streszczenie 

Ogrzewanie skrobi ziemniaczanej z bezwodnikiem kwasu fosforowego w benzenie lub pirydynie 
pozwala na otrzymywanie fosforanów skrobiowych o wysokim stopniu podstawienia. W najbardziej 
zestryfikowanym preparacie na jedną jednostkę glukozową przypada jedna reszta kwasu fos­
forowego. Estryfikacja ma charakter sieciujący. Otrzymane preparaty łatwo ulegają hydrolizie nawet 
w wilgotnym powietrzu. Kleiki skrobi fosforylowanej mają niższą lepkość aniżeli kleik ze skrobi 
wyjściowej. 


