Water Activity-Adjusted Enzymatic Partial Hydrolysis
of Phospholipids to Concentrate Polyunsaturated Fatty Acids

Masayo Ono?, Masashi Hosokawa?, Yoshikazu Inoue®, and Koretaro Takahashi®*

“Laboratory of Food Biochemistry, | aculty of Fisheries, 1Hokkaida Universily, Flakodae 0471, Japan,
and “Bizen Chemical Co, 1td., Okayama 70907, Japan

ABSTRACT:  Selective partial hvdrolyses of egg yolk phospho-
lipicd and squid skin phospholipid were carried out. By keeping
the water activity (a b of Lipozyme IM at an intermediate level,
il was casy to concentrate docosahexacnaic acid [HAL It was
also possible to concentrate both DA and arachidonic acid
AA) simultaneously to a certain level under this & range. [How-
ever, it was impossible ta concentrate AA alone when DHA was
present. Though there is a limitation in cancentrating AA exclu-
sively, the proposed a -adjusted hydrolytic reaction is a promis-
ing way for preparing phospholipids rich in DHA.
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Preterm infants rely on formulae 1o obtain fatty acids essen-
tiai Tor normal development. particularly of the visual system.
Daocosahexacnoic acid (IDHA) has been supplemented in for-
mulae for this purpose. However. relatively low arachidonic
acid (AA) levels in formulae may be associated with poor
growth in formula-fed preterm infants. Boffman and Uauy (1)
emphasized that both n-3 and n-6 polyunsuturated latty acids
(PUEFAY} should be provided by the formula. Yonekubo (2)
also pointed out that well-balanced doses of DHA, AA. and
cholesterol should be important. At the world conference on
“Highly Unsaturated Fatty Acids in Nutrition and Disease
Prevention,” held in Barcelona last December { 1996), these
indications were also confirmed through many discussions,

Pertaining Lo the recommended levels of DHA and AA in
formulae far pretermy infunts, several guidelines have already
heen proposed (Table 1.

The purpose of the present study is to design a partial hy-
drolytic reaction of phospholipids (PLY prepared from egg
yolk. from egg yolk of fish oil-fed hens. or from squid skin,
mediated by Lipozyme [M to concentrate DHA and AA so as
o meet the requirement of developing an ideal Tormuly,

FToowhom correspondenee should he addressed at Laboratory of Food Bio-
chemistry, Faculty of Fisheries, Hokkabde University, 3-1-F Minato, Huko.
date 041, Lapan, E-mai: Ktak @] hines.hokudai.ae jp.
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TABLE1
Guidelines Proposed for Infani Nutrition
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MATERIALS AND METHODS

Muaterials. DHA-enniched egg yolk PL prepared tom fish oil-
ted hens iDHA-yolk PL). which containg 10.9% DHA and
1.5% AA. natural ege yolk PL with 3.53% DHA and 4.9% AA.
and PL prepared from squid skin tsquid PLJ, a by-product of
squid processing. with 33.3% DHA and 2.7% AA. were ob-
tained from Bizen Chemical Co.. Lid. (Okayama. Japan}.
Fatty acid compositions of these substrates are summarized
in Table 2. The internal standard for the lawty acid analysis by
gas chromatography was heptadecanoic acid methyl ester ob-
tained tfrom Sigma Chemical Co. (St Louis, MO), Lipozyime
IM (792 BiUZg), an immobilized lipase tE.C. 3.1.1.3) from
Rhizemucor miehei, was a generous gift from Nove Nordisk
A/S (Bagsvaerd., Denmark). Chemicals and solvents were
reagent-grade unless stated otherwise,

Warer aciivity fu ) adjusiment of Liposyme IM. Prior o the
hydrolytic reaction. 53 mg of Lipozyme [IM was equilibrated
with saturated salt solutions n a desiceator at 25°C for 24 b,

TABLE 2
Fatty Acid Composition of Egg Yolk Phospholipid (PL}, DHA-Enriched
Egg Yolk PL Oltained from Fish Qil-Fed Hens, and Squid Skin PL?

160 18:0 P 200 2200
Fag volk PL 312 15.3 0.0 4.0 35
HA yolk DL 35.2 10.7 243 13 108
Sequid Pl 27.0 7.8 1.7 17 83,4

‘Percentage of utal taity acieds. For uther abbreviation see Table
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Salt solutions used were LiCl {a, . =0.13). KICO_; (o, = 0.44),
and K,80, (a, = 0.97).

Lipozyme IM-mediated partial hyvdrolvtic reacrions of PL.
Reactions were initiated by adding ¢ -adjusted Lipozyme 1M
{53 myg euch) to 4 reaction vial with a known weight of PL (20
mg cach) dissolved in distilled n-hexanc. Reaction mixtures
were subjected to 75 strokes/min incubation in closed vials at
4°C, then quenched by passing the sample through a 0.45-um
polytetrafluoroethylene filter (Gelman. Japan D/N) with chlo-
roform/methancl (1:1. vol/vol} to remove solid Lipozyme IM.
The recovered reaction mixtures were embedded on a silica
Sep-Pak cartridge {Waters Corporation, Milford, MA}. Free
fatty acids were first removed with chioroformy/methanol (10:1,
volfvol), then the remaining PL were recovered with methanol.

Fatty acld analysis. Recovered PL from the hydrolysates
were methylated according to the method of Chrstopher and
Glass as described by Prevot and Mordret (3). then analyzed
by gas chromatography. Hepladecanoic acid methyl ester was
used as an internal standard. A Hitachi 163 gas chromato-
graph equipped wilth a flame-ionization detector and a G-300
column (1.2 mm x 40 m, Chemicals Inspection and Testing
Institute. Tokyo. Japan) was used.

Lipid composition analvsis. An aliquot of the recovered
PL. disselved in chloroform. was applied to a silica gel thin-
layer plate (E. Merck, Darmstadt. Germany). then devel-
oped with chloroform/methanol/25% ammonia (65:25:5,
vol/valfvol), Plates were then charred at 160°C Tor 20 min
after being sprayed with 8% phosphoric acid containing 3%
copper acetate (4). Quantilation was carried out by subjecting
these plates to a linear scan densitometer (Mode! F-808;
Cosmo Co. Ltd.. Tokyo. Japan).

Calculation of hvdrolviic degree and Ivdvolvsiv resistance
value (5). Hydrolylic degree (HD) and hydrolysis resistance
value (HRV), proposed by Tanaka er ¢f. (5). were calculated
according to the following expressions, respectively: HD =
[(Lotal Tatty acid amount in substrate PL — wotal fauty acid
amount in recovered PL fraction after partial hydrolytic reac-
tion)/total fatty acid amount in substrate PL] x 100; HRY =
(individual farty acid amount in recovered PL fraction after
partial hydrolytic reaction/individual Fatty acid amount in
substrate PL) x [0,

RESULTS AND DISCUSSION

Partial hydrolytic reaction of egg yolk PL under ¢ _-regulated
conditions obviously increased the concentration of both
DHA and AA in the recovered PL fraction in accordance with
reaction lime (Fig. 1). A relatively low intermediate « level.
ie., a,, = 0.44, seemed preferable for concentrating these
PUFA_ As shown in Table 3, after 24-h reaction at ¢ = 0.13.
BDHA reached 15.53% from 3.5%. and AA reached 10.8% from
4.9%. However, recovery under these condilions was only
37.5%. In considering the efficiency of reaction time and re-
covery, it seemed beneficial to choose an intermediate o
range. such as a = 0.44, as shown in the same table (Table 3)
because the results obtained are a compromisce between re-
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FRG. 1. Fliecl of waler activity (4 of Lipozyme M Nove Nordisk A%,
Bagsvacrd, Dermarks on partial hydrolvtic reaction of egg yolk phos-
pholipid. 1A]a = 013081 4, = 0.445:CHa, unadjusted, e, 2, = 060
STt T TR AL 200 @, 2206,

covery and PUFA content within an 8-h period. Recom-
mended HRY might be between 80 and 90 tor DHA and 38
and 5} for AA. as can be derived from Table 3. HD corre-
sponds to 73 to 75 at these HRV values.

Although we propose recammended conditions for con-
centrating both DHA and AA simultaneously, we have con-
cluded, by analyzing the relationship between HRV and HD,
that it is difficult o concentrate AA exclusively (o a much
higher level (Fig. 2). [t seemed impossible to separate the
HRV of AA from the other individual fatty acid moieties in
accordance with the increase in HD. especially when DHA
coexists. On the contrary. when the AA level in the substrate
is low, itis feasible to concentrale DHA to a satistactory level,
as shown in Figure 3 {6). HRV of DHA obviously separates
(rom other fatty acid moietics in accardance with an increase
in HD. Figure 3 alsoe shows that, at least up to o 20% level of
HD, the DHA moiety remains intact against Lipozyme 1M,

As shown in Figure 4. an intermediate ¢ runge seemed
desirable for the enrichment reaction of DHA in PL. In fact,
in fish oil-fed hen cgg yolk PLLDHA increased from approx-
imately 11 to more than 359 within 8 h at ¢ = 0.44. Under
the same conditions, DHA increased from 33 to ncarly 60%
in squid skin PL.

Although we can obtain highty DHA-concentrated PL. from
the partial hydrolysis of squid skin PL. the efficiency of DHA

TABLE 3
Recovery and Contend of DHA and AA After the Lipozyme
IM-Mediated Partial Hydrolytic Reaction of Egg Yalk Phospholipid

Reaction  Recovery  Hydrolytic Ah DA
a time 1 14 tlegree 1) AL RO
0.13 B 639 421 78853 75 11t
h13 24 373 7.5 10.8450.00 155 i90.01
0.44 # 41.0 734 B.B138.5 1.7 sy
60" B 56.4 G B.0 667 F.80.0
a7 5] 601 EleRt 4.4 1853 5.0 10

"Recovery %o = irevovered phospholipid amount after the reaction/jshos-
;Jhulipid amount before the reactton < 00

Parentheses are hydralysis resistance values proposed by Tanaka of af (5
SWithout g, adjustment; Lipozyme [M iNovo Nordisk A, Bagsvaerd, [en-
marks,
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FIG. 2. Relatinnship between hydrolyiie degree iHDI and hydrolvsis re-
sistanee value (HRVY of the individual fay acid moicties on Lipazyme
IM-mediated partial hydralytic reaction of cgy yolk phospholipid at a,

= Ohabd, S e 1800 AL 2004 @, 22:0. See Figure 1 lor other ab-
brreviation and company source,
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FIG. 3. Relationship between 1D and FIRV of the individual fatty acied
moiclies an Lipozvme IM-medialed padial byeleolytic reaction ial of
docosahexacnoic acid (IOHAT-enriched egg votk phospholipid, abtained
irom fish oil-fed hens. and 1Br of squid skin phospholipid at a, . = 044
S 1600 T 1800 @, 2206, For other abbreviations see Figures 1 and 2.
For company source, see Figure 1.
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FIG. 4, Eitect of o of Lipnzyme 1 on partial hydralytic reaction of
DHA-enriched egg volk phospholipid obtained from fish oil-fed hens
ARGy and squid skin phospholipid (D E N AD: a =013 BF: a, =
G4, CFra, =097 16k 1 1800 00, 18:1; @, 2210, For abbrevia-
tions see Figures 1 and 3. For company source, see Figure 1.
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FIG. 5. Changes in lipid compasition during Lipozyme IM-madiated
partial hydrolytic reaction of DHA-enriched egg valk phospholipid, ob-
tained from Hsh oil-ied hens. Sph, sphingomyeling LPE, lysophos-
phatidylethanolamine; PE, phosphatidylethanolamine; LPC, lysaphos-
phatidylcholine: PC, phosphatidylchaline. Lipozyme 1M a was ad-
justed to (.44, For other abbreviations see Figures 1 and 3. For company
source, see ligure 1,

concentration scemed much higher in fish oil-fed hen egg yolk
PL partial hydrolysis because (here was a threetold increase in
egg yolk PL and only a twofold increase in squid skin PL.

We predicied that most of the diacy! PL would change into
lyso PL afler the reaction. but this was not true. A consider-
able amount of diacyl PL still remained alter 8 h of reaction.
as illustrated o Figure 5. One possible explanation is that re-
arrangement of zeyl moieties on dlacyl PL oceurs, Certain
amounts of didocosahexaenoyl PL may have formed.

[n conclusion, a, -controlled Lipozyme [M-mediated par-
tial hydrolytic reaction of DHA-yolk PL or PLL from marine
saurces should be a promising wechnology for preparing phys-
tologically functional PL.
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