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Enhancement of zinc utilization from phytate-rich soy
protein isolate by microbial phytase

G. Rimbach and J. Pallauf
Institute of Animal Nutrition, Justus-Liebig-University Giel3en

Verbesserung der Zinkverwertung auns phytatreichem Sojaproteinisolat durch
mikrobielle Phytase

Summary: A study with three groups, each with 11 male, individually housed albino rats (initial aver-
age weight = 50g) was undertaken to examine the effect of microbial phytase (added to a diet con-
taining phytate) on the availability of zinc. The rats were fed diets on the basis of soy protein isolate and
corn starch over a 3-week period. All diets contained 15-16 mg Zn/kg diet and 0.40 % PA. Thus, molar
PA : Zn-ratios of 26 : 1 were obtained. Group I (control) was fed the phytase-free basal diet. In groups I1
(pair-fed to group 1) and I11, 1 000 U of microbial phytase (Aspergillus niger var. van tighem) per kg diet
were added.

Some rats fed the phytase-free basal diet (control) showed typical symptoms of zinc deficiency,
including cyclic changes in food intake, anorexia and partial alopecia.

By the addition of 1000 U microbial phytase the apparent absorption of zinc (percent of intake)
significantly increased from 33 % (control) to 63 % (1000U, pair-fed) and 66 % (1000U, ad lib.).
Similar positive effects of the phytase-supplementation were observed for three zinc status parameters
in plasma, zinc-concentration, percent unsaturated zinc-binding capacity, activity of alkaline
phosphatase and the zinc-concentration in femur and testes. The present study shows that an addition of
microbial phytase to phytate-rich diets based on soy protein isolate considerably improves the
availability of zinc in growing rats.

Zusammenfassung: In einem 3wochigen Stoffwechselexperiment mit 3x11 mannlichen, einzeln
gehaltenen Albinoratten (Anfangsmasse = 50 g) wurde gepriift, ob eine Zulage an mikrobieller Phytase
die Bioverfiigbarkeit von Zink aus einer phytathaltigen Didt verbessert. Den Ratten wurden Difiten auf
der Basis von Sojaproteinisolat und Maisstirke verabreicht. Der native Zn-Gehalt aller Diiten betrug
15-16 mg Zn/kg Diit, die PA-Konzentration 0,40 %. Daraus resultierten molare PA : Zn-Quotienten
von 26: 1. Gruppe I (Kontrolle) erhielt die phytasefreie Basisdidt. In den Gruppen II (pair-fed zu I} und
I1I (ad libitum) wurden jeweils 1000 U mikrobieller Phytase (Aspergillus niger var. van tighem) pro kg
Diét supplementiert.

Abbreviation Index:

AAS Atomic absorption spectrometry M Mean

ALP Alkaline phosphatase PA Phytic acid

DM Dry matter SD Standard deviation

FCR Feed conversion ratio ZBC unsaturated plasma-zinc binding
HPLC High performance liquid capacity

chromatography
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Einige Ratten der Kontrollgruppe, die die phytasefreie Basisdidt erhielten, zeigten typische Zink-
mangelsymptome wie Anorexie, partielle Alopezie und zyklische Schwankungen der Futteraufnahme.
Durch die Phytasezulage wurde die scheinbare Absorption des Zinks (in % der Aufnahme) signifikant
auf 63 % (1000 U, pair-fed) und 66 % (1000U, ad lib.) gegeniiber 33 % (phytasefreie Kontrollgruppe)
erhoht. Ein vergleichbar positiver Effekt der Phytasesupplementierung wurde beziiglich verschiedener
Zinkstatusparameter des Blutplasmas (Zinkkonzentration, freie Zinkbindungskapazitat, Aktivitat der
Alkalischen Phosphatase) und der Zinkeinlagerung in Femur und Testes festgestellt. In der vorlie-
genden Untersuchung konnte gezeigt werden, dal bei der wachsenden Ratte durch eine Zulage mikro-
bieller Phytase die Bioverfiigbarkeit des Zinks in phytatreichen Didten auf Sojaproteinisolatbasis sehr
deutlich gesteigert werden kann.
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Introduction

Soy products which contain considerable quantities of phytic acid (PA) play an import-
ant role in human and animal nutrition (5, 16, 35). The concentration of phytic acid in
soy protein isolate ranges from 1.6-2.2g/100g DM (1, 4). Phytic acid (myo-inositol
1,2,3,4,5,6-hexakis dihydrogen phosphate), the storage form of organic phosphorus in
plant seeds and derived food and feedstuffs is generally considered to reduce the avail-
ability of numerous essential divalent cations through the formation of complexes which
are largely insoluble for nonruminants. A number of investigators reported an inverse
relationship between dietary phytate and zinc utilization in rats (2, 7, 9, 18), chickens
(20), pigs (11) and humans (17, 27). High levels of dietary calcium aggravate the antinu-
tritive effect of phytic acid on zinc availability. Molar PA : Zn-ratios > 15-20:1 (10, 18,
22, 25) and molar PA x Ca: Zn-ratios >3.5:1 (6) induce suboptimal zinc status in rats.
Since monogastric animals have no or little intestinal phytase, it might be advantageous
to reduce phytic acid in phytate-rich diets in order to improve the availability of zinc and
other essential minerals (4, 10, 24).

New techniques have been developed to produce high levels of an extracellular
microbial phytase. Compared to phytase of plant origin, fungal Aspergillus-phytase is
stable over a wide pH-range with two distinct pH-optima at pH 2.5 and 5.5 (12, 29, 31).
Recent studies showed that a phytase-supplementation to phytate-rich soy-maize-diets
enhances the utilization of calcium and phosphorus in pigs (23, 29) and chickens (28,
30). The main objective of the present study was to elucidate whether an addition of
microbial phytase to a diet based on soy protein isolate and corn starch improves the
utilization of zinc in growing rats.

Methods

Male, weaned albino rats (Wistar, SPF) with an initial average weight of 50g were
divided into three groups of 11 rats and kept individually under standard conditions
(22°C, 55 % humidity, 12 h light/dark cycle) in metal free metabolic cages. For three
weeks the rats were fed diets on the basis of soy protein isolate (Condimenta S 90, Stutt-
gart) and corn starch (Table 1).
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Table 1. Composition of the basal diet

Ingredients g'kg
Soy protein isolate 376
Cornstarch 300
Saccharose 100
Soy oil 70
Cellulose 30
DI.-methionine 4
Mineral mixture™®) 100
Vitamin mixture®*) 20

1000

*) Mineral mixture (per kg diet)
13.34g CaHPO, x 2 H,0; 6.68 g KH,PO,; 5.07g MgSO, x 7 H,0; 12.24 g CaCOs; 2.47g NaCl,
1.22 g Na,CO4; 59.70mg FeSO, x 7 H,0; 140.83 mg MnSO, x H,0; 11.80mg CuSO, x § H,0;
4.41 mg (CH;CO0);Cr; 2.38 mg CoSO, x 7 H,0; 2.21 mg NaF; 0.83 mg Na.SeO; x 5 H,0; 0.65mg
KJ; 0.25mg Na;MoO,; x 2 H.O

Vitamin mixture {per kg diet)

1.8 mg retinol; 0.025 mg cholecalciferol; 100 mg DL-a-tocopheryl acetate; 5 mg menadione; 30 mg
ascorbic acid; 8 mg thiamine mononitrate; 10 mg riboflavin; 10 mg pyridoxine; 40 mg niacin; 30 mg
Ca-D-pantothenat; 3mg folic acid; 10 mg p-aminobenzoic acid; 0.2 mg biotin; 0.05 mg cobalamin;
100 mg myo- inositol; 1150 mg choline chioride

*
—

Group I (control) was fed the basal diet, free of microbial phytase. In group II (pair-
fed to group I) and group I (ad libitum) 1000 U of microbial phytase (Aspergillus niger
var. van tighem, BASF AG, Ludwigshafen) were added.

The animals had free access to bidestilled water. Live weights were recorded weekly.
During the second week (days 7-14) total feces and urine were collected.

Dietary PA was estimated by HPLC (19). Activity of phytase in the diets was assayed
according to the method of Fretzdortf and Weipert (8). One unit (U) phytase is defined
as the amount of enzyme required to liberate one wmol inorganic phosphorus from 1.5
mmol sodium phytate in 1 min at 37°C and pH 5.5 (28). Zinc- and calcium-concentra-
tions in diets as well as zinc-concentration in tissues, feces, urine and plasma were deter-
mined by flame atomic absorption spectrophotometry (Philips PU 9485) in an air-acety-
lene flame. Plasma was diluted with 0.3 M HCI prior to zinc analysis. Samples were
dried at 105°C in quartz dishes until weight constancy, dry-ashed at 450°C, and dis-
solved in 0.3 M HCI (suprapure for the AAS),

The activity of the alkaline phosphatase (ALP) was assayed according to the guide-
lines of the Deutsche Gesellschaft Klinische Chemie (3). The method of Kincaid and
Cronrath (14) in the modification of Roth and KirchgeBner (26) was used after reduc-
tion of sample volume to estimate percent unsaturated plasma-zinc binding capacity
(ZBC).

Standard ANOVA procedure (oneway) followed by Scheffé multiple-range test was
used for statistical analysis. All values are expressed as means (M) and standard devi-
ations {SD). Differences were considered significant if p <0.05.
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Results and discussion

As shown in Table 2 all diets contained 15-16 mg Zn (native Zn-concentration), 8.4~
8.5g Ca and 5.6-5.7¢g P per kg diet and 0.40 % PA, and thus molar PA : Zn-ratios of
26:1 and molar PA xCa: Zn-ratios of 5.3: 1 were obtained. About 20 % of total phos-
phorus in the diets were present as phytate-phosphorus. The analytical recoveries of
supplemented microbial phytase in groups II and I1I were adequate. In group I (con-
trol) no native phytase activity was detectable.

Table 2. Analyzed concentrations of Zn, Ca, PA as well as phytase activity and molar PA : Zn- and
molar PA x Ca : Zn-ratios in the three diets for growing rats

Group n Feeding- Zn Ca P PA Phytase ~ PA:Zn PAxCa:Zn
regimen (mg/kg) (g/kg) (g/kg) (%) (Ukg) (molar) {molar)

I 11 adlibitum 15.5 8.5 5.7 0.40 - 26:1 53:1

I 11 pair-fedtol 152 8.5 5.6 0.40 1030 26:1 53:1

1 11 adlibitum 15.3 8.4 5.6 0.40 960 26:1 53:1

Some rats fed the phytase-free basal diet showed typical symptoms of zinc deficiency
including cyclic changes in food intake, anorexia and partial alopecia as described in
earlier studies (21,22, 32, 33).

Fig. 1 shows growth curves of rats fed the soy protein isolate based diets with and
without an addition of microbial phytase. At the start of the experiment, the 33 rats
weighed 50.6 £1.9g. At the completion of the experiment the average weights of the
rats were 108.8+12.0g (control), 119.9+3.7¢ (1000U, pair-fed), 153.8+11.7¢
(1000U, ad lib.) with statistically significant differences between all three groups. By
the addition of 1000 U microbial phytase, the FCR was improved from 1:2.65 (control)
to 1:2.17 (1000 U, pair-fed) and 1:2.34 (1000 U, ad lib.).
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The effects of the supplementation of microbial phytase on the apparent absorption
and retention of zinc (percent of intake) are given in Fig. 2. In group I {control), the
lowest apparent zinc-absorption (37.2 + 5.3 %) was measured. The addition of 1000U
microbial phytase per kg diet resulted in a significant enhancement of the apparent
absorption of zinc in groups II (62.9 £2.2 %) and III (66.4 + 5.6 %). This is in agree-
ment with an earlier study with growing rats (25) when semisynthetic diets based on egg
albumin and corn starch supplemented with NaPA and Aspergillus-phytase were fed.
Other investigators also found an increase in zinc-absorption by the addition of micro-
bial phytase to phytate rich corn-soy diets in pigs (15, 24) and chickens (30). About
95 % of the total zinc-excretion was via feces and, thus, similar results for the apparent
zinc-retention were obtained. The following average values for the apparent zinc-reten-
tion were measured: 34.7+35.3% (control), 60.0£2.0% (1000U, pair-fed) and
64.9+ 5.6 (1000U, ad lib.). The renal zinc-excretion ranged from 3.6-4.0 ug Zn per
animal and day and was not significantly influenced by the different treatments.
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Fig. 2. Effect of an addition of microbial phytase to a diet based on soy protein isolate and corn starch on
the apparent absorption and retention of zinc in growing rats

Table 3. Effect of an addition of microbial phytase to a phytate-rich diet of soy protein isolate and corn
starch on plasma zinc-concentration, unsaturated plasma-zinc binding capacity (ZBC) and activity of
alkaline phosphatase (ALP) in plasma of growing rats,

Group Feeding- PA:Zn Phytase Plasma-Zn ZBC ALP
regimen {molar) (U/kg) (ug/mL) (%) (mU/mL)

| ad libitum 26:1 - M 0.872 76.0¢ 3160
SD 0.21 6.0 70

Il pair-fedtol 26:1 1000 M 1.210 66.2% 423b
SD 0.08 2.1 49

Tt ad libitum 26:1 1000 M 1.150 67.2b 4000
SD 0.11 3.2 84

Different letters within the same column show significant differences (p <0.05) between the groups
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Under the conditions investigated, the phytase-supplementation also increased the
plasma zinc-concentration and changed the percent unsaturated plasma-zinc binding
capacity (Table 3). In accordance with previous experiments (24, 25) a high pegative
correlation (r=-0.98, p <0.001) between both zinc status parameters was observed.
Comparable positive effects were obtained for the activity of the zinc metalloenzyme
alkaline phosphatase. It has already been reported that molar PA : Zn-ratios >20:1
reduce zinc accumulation in the bones of growing rats (10, 18, 22, 25). In the present
study, molar PA : Zn-ratios of 26:1 in all three diets were obtained. The addition of
1000U of microbial phytase increased the femur zinc-concentration significantly
{Table 4) by about 35 % (1000U, pair-fed) and 19% (1000U, ad lib.) compared to
group I (control). The zinc-concentration in testes similarly increased. In accordance
with earlier experiments (22, 25), the liver zinc-concentration remained unchanged. No
significant differences could be found between the groups. The retention of other inves-
tigated minerals (Ca, P, Mg, Fe, Cu, Mn) also tended to be increased by the phytase-
treatment (publication in preparation).

To our knowledge, the influence of an addition of microbial phytase to a soy protein
isolate-corn starch-diet on the utilization of zinc in growing rats has not previously been
reported. The present study clearly demonstrates that a supplementation of Aspergillus-
phytase to a phytate-rich diet considerably improves the availability of zinc. Further
studies are required to evaluate the effect of a supplementation of microbial phytase on
the utilization of other essential elements (Ca, P, Mg, Fe, Cu, Mn) under marginal
dietary levels. Interactions between toxic cations {Cd, Pb), phytate (13, 34) and micro-
bial phytase should also be considered.

Table 4. Effect of an addition of microbial phytase to a phytate-rich diet of soy protein isolate and corn
starch on zinc-concentration in femur, testes and liver in growing rats

Group Feeding- PA:Zn Phytase Femur-Zn Testes-Zn Liver-Zn
regimen {molar) (U/kg) (unglg DM) (ng/gDM)  (ug/lg DM)

1 ad libitum 26:1 - M 99.1x 139,12 124.6¢
SD 17.0 10.2 29.0

I pair-fedto] 26:1 1000 M 133.5¢ 153.5% 125.2»
SD 9.8 14.5 16.5

111 ad libitum 26:1 1000 M 117.90 151,120 132,72
SD 6.5 11.2 17.4

Different letters within the same column show significant differences (p < 0.05) between the groups

References

1. Bodwell CE, Hopkins DT (1985) Nutritional characteristics of oilseed proteins. In: New protein
foods, Altschul AM, Wilcke HL (eds), pp 221-257

2. Davies NT, Olpin SE (1979) Studies on the phytate : zinc molar contents in diets as a determinant of
Zn availability to young rats. Br J Nutr 41:590-603

3. Deutsche Gesellschaft fir Klinische Chemie (1972) Standard-Methode zur Bestimmung der Akti-
vitdt der alkalischen Phosphatase (AP). Z klin Chem u klin Biochem 10:191

4. Erdman JW (1979) Oilseed phytates: Nutritional implications. J Am Oil Chem Soc 56:736-741

5. Erdman JW (1989} Soy products and the human diet. Am J Clin Nutr 49:725-737



314 Zeitschrift fiir Erndhrungswissenschaft, Band 32, Heft 4 (1994)

6.

7.

8.

9.

10.

11,

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

Fordyce EJ, Forbes RM, Robins KR, Erdman JW (1987) Phytate x calcium/zinc molar ratios: Are
they predictive of zinc bioavailability? J Food Sci 52:440-444

Franz KB, Kennedy BM, Fellers DA (1980) Relative bioavailability of zinc from selected cereals
and legumes using rat growth. J Nutr 110:2272-22383

Fretzdorff B, Weipert D (1986) Phytinsdure in Getreide und Getreideerzeugnissen. Mitteilung I:
Phytinséure und Phytase in Roggen und Roggenprodukten. Z Lebensm Unters Forsch 182:287-293
Hallmans G, Sjostrém R, Wetter L, Wing KR (1989) The availability of zinc in endosperm, whole
grain and branenriched wheat crispbread fed to rats on Zn-deficient diet. Br J Nutr 62:165-175
Harmuth-Hoene AE, Meuser F {1987) Biologische Verfiigbarkeit von Zink in Getreidevollkorn-
produkten mit unterschiedlichem Phytatgehalt. Z Erndhrungswiss 26:250-267

Hohler D, Pallauf J (1993) Untersuchungen zum Einflul von Citronensaure auf die Mineralstoff-
verwertung beim Ferkel anhand einer Mais-Soja-Didt mit und ohne Zn-Ergénzung. J Anim Physiol
a Anim Nutr 69:133-142

Irving GCJ, Cosgrove DJ (1974) Inositol phosphate phosphatases of microbiological origin. Some
properties of the partiaily purified phosphatases of Aspergilius ficuum NRRL 3135. Aust J Biol Sci
27:361-368

Jackl GA, Rambeck WA, Kollmer WE (1985) Retention of cadmium in organs of the rat after a
single dose of labeled cadmium-3-phytate. Biol Trace Elem Res 7:69-74

Kincaid RL, Cronrath JD (1979) Effects of dietary zinc upon tissue zinc and percent unsaturated
plasma-zinc binding capacity. J Dairy Sci 62:572-576

Lantzsch HI, Wijst S (1992) Wirkung mikrobieller Phytasezusitze (Aspergillus niger) auf den Phos-
phor-, Calcium-, Magnesium- und Zinkstoffwechse! junger Schweine unter dem Einfluf} steigender
Calciumgehalte im Futter. 46. Tagung der Geselischaft fiir Ernahrungsphysiologie (GfE). Gottin-
gen, Kurzfassungen, S 107-108

Lo GS, Settle SL, Steinke FH, Hopkins DT (1981) Effect of phytate : zinc molar ratio and isolate
soybean protein on zinc bioavailability. J Nutr 111:2223-2235

Lénnerdal B, Cederblad A, Davidsson L, Sandstrom B (1984) The effect of individual components
of soy formula and cow’s milk formula on zinc bioavailability. Am J Clin Nutr 40:1064-1070
Morris ER, Ellis R (1980) Effect of dietary phytate/zinc molar ratio on growth and bone zinc
response of rats fed semipurified diets. J Nutr 110:1037-1045

Neusser H, Pallauf J (1988) Bestimmung von Phytinsaure in Futtermitteln und Faeces mittels Hoch-
druckfliissigkeitschromatographie. I Anim Physiol a Anim Nutr 60:20

O’Dell BL, Savage JE (1960) Effect of phytic acid on zinc availability. Proc Soc Exp Biol Med
103:304-306

Pallauf J (1983) Tierexperimentelle Untersuchungen zum Zink-Mangel-Syndrom. Akt Erndhrmed
8:107-112

Paltauf J, Kramer K, Markwitan A, Ebel D (1990} Effekt einer Zulage an Citronensdure auf die
Bioverfiigbarkeit von Zink aus Maiskeimen. Z Erndhrungswiss 29:27-38

Pailauf J, Hohler D, Rimbach G, Neusser H (1992) Einfluf einer Zulage an mikrobieller Phytase zu
einer Mais-Soja-Diit auf die scheinbare Absorption von Phosphor und Calcium beim Ferkel. J
Anim Physiol a Anim Nutr 67:30-40

Pallauf J, Hohler D, Rimbach G (1992) Effekt einer Zulage an mikrobieller Phytase zu einer Mais-
Soja-Diit auf die scheinbare Absorption von Mg, Fe, Cu, Mn und Zn sowie auf Parameter des
Zinkstatus beim Ferkel. J Anim Physiol a Anim Nutr 68:1-9

Rimbach G, Pallauf J (1992) Effekt einer Zulage mikrobieller Phytase auf die Zinkverfiigbarkeit. Z
Erndhrungswiss 31:269-277

Roth HP, Kirchgefner M (1980) Zn-Bindungskapazitat des Serums. Ein Parameter zur Diagnose
von marginalem Zn-Mangel. Res Exp Med 177:213-219

Sandstrom B, Kivistd B, Cederblad A (1987) Absorption of zinc from soy protein meals in humans.
I Nutr 117:321-327

Schoner FJ, Hoppe PP, Schwarz G (1991) Vergleich der Effekte von mikrobieller Phytase und
anorganischem Phosphat auf die Leistungen und die Retention von Phosphor, Calcium und
Rohasche bei Masthithnerkiiken in der Anfangsmast. J Anim Physiol a Anim Nutr 66:248-255
Simons PCM, Versteegh HAJ, Jongbloed AW, Kemme PA, Slump P, Bos KD, Verschoor GJ
(1990) Improvement of phosphorus availability by microbial phytase in broilers and pigs. Br J Nutr
64:525-540



Rimbach and Pallauf, Phytase and zinc utilization 315

30.

31.

32.

33.

34,

3s.

Thiel U, Hoppe PP, Schoner FJ, Weigand E (1993) EinfluBl mikrobieller Phytase auf die Retention
von Zn, P und Ca beim Masthéhnchen. Proc Soc Nutr Physiol 1:20

Ullah ABJ, Gibson DM (1987) Extracellular phytase (E.C.3.1.3.8) from Aspergillus ficuum NRRL
3135: Purification and characterization. Prep Biochem 17 (1):63-91

Weigand E, KirchgeBner M (1977) Dietary zinc supply and efficiency of food utilization for growth,
Z Tierphysiol Tierernahrg v Futtermittelkde 39:16-26

Williams RB, Mills CF (1970} The experimental production of zinc deficiency in the rat. Brit ] Nutr
54:429-435

Wise A, Gilburt DJ (1983) Binding of cadmium and lead to the calcium-phytate complex in vitro.
Toxicol Lett 9:45-50

Zhou JR, Fordyce EJ, Raboy V, Dickinson DB, Wong MS, Burns RA, Erdman JW (1992) Reduc-
tion of phytic acid in soybean products improves zinc bioavailability in rats. J Nutr 122:2466-2473

Received May 15, 1993
accepted July 2, 1993

Authors’ address:

Prof. Dr. J. Pallauf, Institut fiir Tiererndhrung, Justus-Liebig-Universitdt GieBen, Senckenbergstr. 5,
35390 GieBlen



