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ABSTRACT: Selective partial hydro[yses of egg yolk phospho- 
l ip id and squid skin f~hosl)holipk] were carr ied out. By keeping 
the water  act iv i ty ( a t  of l . ipozyme IM at an intermediate level, 
it was easy to concentrate docosahexaenoic acid tDHA;. It was 
also possib le to concen l ra te  both Dt [A and a rach idon ic  acid 
IAAI s imultaneously to a certain level under fl~is a .  range. I tow- 
ever, it was impossib le to concentrate AA alone when D H A  was 
present. Though Ihere is a l imi tat ion in coneer~traling AA exclu- 
sively, fine proposed a..-adjusied hydrolytic reaction is a promis- 
ing way for preparing pt]ospholipids rictn in Dt tA. 
/A()C5 74. t 41 5-14 17 t 19q7). 

KFY WORDS: Arachidonic ~ i ( ] i ~ ]  r Of IX, docosahexaenoic 
acid, formula, hydrolysis, Jipase, Lipozymer partial hydrolysis, 
phr)sphol ipid, water  act ivi ly. 

Preterm infants rely on for lnu lae to obtain fatty :lcid~ essen- 
lial for normal development, particularly of the visual system, 
Docosahexaenoic acid (DHAJ has been supplemented in for- 
mulae R'u" this purpose. However. relalivr low ai'achidoltiC 
acid (AA) levels in formulae may be associated with poor 
growth m formula-fed prelorm hlfants. Hoffnlan and Uauy (I) 
emphasized that both it-3 and n-6 polyunsaturated fatty acids 
(PUFA) should be provided by the fkmnula. Yonekubo (2) 
also pointed out that wcll-bal:mced doses of DHA, AA, and 
choleslerol should be imporb'mt. At the world conference oit 
"'Highly Unsaluraled Fatty Acids ]it Nutrition and Disease 
lh'evention,'" held in Barcelona last December (1996)> these 
indications were also c[mlirnled through rmmy discussions, 

Pertahting to Ihe recommerided levels of  DHA and AA ill 
formulae [.or prelerm inf~mts, several ~tlidelh'ies have already 
been proposed {Table I). 

The purpose of the. present study is to desi~'m~, a partial hy- 
drolytic reaction of  phospholipids (PL) prepared frorfl egg 
yo lk .  ff 'ofl l egg yo lk  o f  f ish o i l - f ed  hens, or  from. squid skil'l, 

ntediated by l~ipozynle IM to COltCelltrate DHA and AA so as 
to meet the i-equirell~ent of deveh)ping an ideal I'ormuhi. 

~"1-o whom correspondence shI:,tL],cl b.e addi'essed al I..ah(~.ral*:,ry i'~J' I4.'~cl~.l lJic>- 
d~errii.<;ll'y, l:acull 'v o1 I::]shL, rk, s, I - tokkaido :LIiri'vc'rsily, _3-[-[ M ina lo ,  f iako,  
dale ()41, Jap:in, I~-iriail: k{,:il,,@ f] .Jline:,;.hc, kLidaj,ac,jp, 

TABLE 1 
Guidelines Proposed for lofanl Nutrition 

I~returrn hltarlt Ma[kJr(' i?lldrl[ 

Organizalil~rl Year I)I-IA" AA" DI-IA AA 

BN[ :~' 1992 20 20 20 20 
WF..[( )/FA(.)< 19ct4 40 60 2() 20 
ISSFAI a 1995 ~ !~-75 60. I 0{)' 

>m~,"kg v,,eight,'day. ,,\bbrevi<~tions: DF IA, d,ur~s,~hr auid: AA, <lr<l< hi- 
donk ncid 
"'l.hilish Nutriti~m I:om~rlaflorl, 
Woilr~J 1104tlh ( . ) rg;mizal jordFol ld ,LFIII ,\gricLflturo ()G{allizali,m. 

'/Enternafional So~: iely for Ihe SIudy n( Fally A,ir.ls and I.ipids. 
%\A + rirJcosak,tr,u,rlok alJd 122:40-61 drl(] drl(i}sapenkter'tl~lt a(~d 
,22:Sn-6L 

MATERIALS A N D  M E T H O D S  

Malerhfls. DHA-enriehed egg yolk PI, prepared I'mm fish oil- 
fed [-tens (DHA-yolk PL). which contains 10.9~J4 DI-[A and 
1.5% AA, namr:ll egg yolk PL with 3.5'2;- DI-IA and 4.99;, AA. 
alld PL prepared from squid skin I squid PL). a by-product of  
squid processing, with 33.M;4 I)HA and 2,7q AA. were ob- 
tained frona B izen  Chemic : f l  Co,.  L id ,  (Ok, ' lyrnna. J3.pa] l ) .  

Folly :~cid compost [ \ms  of lhe~e SLIbstratcs :.ll'e sl.illt]rkarizcd 
in "lEble 2. The internal standard for the fatty acid analysis by 
gas chroMalograp]ty was heptadecanoic acid methyl ester oh- 
rained front Sigma Chemica] Co. (St. 1,outs. Me),  Lipoz, vmc 
IM (79.2 BIU/gh an immobilized ]]pase {E.C. 3 .1 . ] ,3) f rom 
Rhixomucor michel, was a generous gift f'rOll] N e r o  Nordisk 
AtS (Bagsvaerd, Denrnitrk). C]temicals and solvents were 
reagent-grade unless s~,ated ollaerw.'ise. 

Water aclivily (it,,,. J ad.jtt,~'lmeltt q/'Lipo:ymu 1,44. Prior to the 
hydrolytic reaction. 53 nlg of  Lipozymc [M was equilibrated 
with saturated salt solutions in u desiccator at 25":C for 24 h. 

TABLE 2 
Fatty Acid Composition of F_gg Yolk Phospholipid (PL), DHA-Enrkhed 
F_gg Yolk PI_ Obtained from Fish Oil-Fed Hens, and Squid Skin PL a 

16:0 18:0 I ~:1 2H:-1 22:6 

Fgg yolk PL 31.2 1 ~, ~ 26.6 4..q 3.5 
D}tA yolk P[. 35.2 1[],7 fi4. S I.~ 10.'I 
Squid PI 27.() 7,#; 2.7 2.7 ~3, 

'~P',m(t~r,[,ip,(, fir Iola[ ldlty aiff ]h. I.or L~filer ahlm:~wahoz~ see rahle I. 
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Salt solutions used were LiCI (a<, = 0.13). KzCO 3 (a w = 0,44), 
and K 2 S O  4 ( a .  = 0,97), 

Lipozyme tM-mediated partial hydrolytic t'ea~'dons o~ PL. 
Reactions were initiated by adding a :ac!jusled Lipozyme IM 
(53 mg each) to a reaction vial with a known weight of PL ~20 
mg each) dissolved in distil led n-hexanc. Reaction mixtures 
were subjected to 75 strokes/rain incubation in closed vials at 
40~ then quenched by passing the sample through a 0.45-#m 
polytetrafluoroethylene filler (Gelman, Japan D/N) with chlo- 
roformtn~eth;uaol ( 1: 1, voltvol) to remove solid l,ipozynte IM. 
The recovered reaction mixtures wcrc embedded on a silica 
Sep-Pak cartr idge (Waters Corporation, Milford, MA). Free 
fatty acids were first removed with chloroform/ntethanol (10:1. 
vol/w~l), then the remaining PL were recovered with methanol. 

Fatty acid anah'sis. Recovered PL from the hydmlysates  
were methylated according to the method of Christopher and 
Glass as described by Preyer and Mordret (3j, then analyzed 
by gas chromatography. Heptadecmtoic acid methyl ester was 
used as :m internal standard.  A I l i tachi  163 gas chrontalo- 
graph equipped with 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 anah,si.~. An aliquot of  the recovered 
PL, dissolved in chloroform, was applied to a siIica gel thin- 
layer plate (E. Merck,  Darmstadt .  Germany) ,  then devel-  
oped with ch loroform/methanol /25% ammonia  (65:25:5, 
vol/wfltvol) .  Plates were then charred at 160~ for 2(I rain 
after being sprayed with 8% phosphoric acid containing 3% 
copper acetate (4). Quantitation was carried out by subjecting 
these plates to a l inear scan dcns immcte r  (Model F-808; 
Cosine Co. Ltd., Tokyo, Japan). 

Calculation of hydn~/ytic degree and hvdroh,si,~ resistance 
volue (5). Hydrolyt ic  degree (HD) and hydrolysis  resistance 
value (HRV), proposed by Tanaka etal. (5). were caIcula |ed 
according to the f~fllowing expressions,  respectively:  t tD = 
[(total fatty acid amount  in substrate PL - total fatty acid 
amount in recovered P[., fraction after partial hydrolytic reac- 
tion)/total fatty acid amount  in substrate PL] x 100; HRV = 
(individual fatty acid amount  in recovered PL fraction after 
partial hydrolyt ic  react ion/ individual  fatty acid amount  in 
substrate PL) x 100. 

FIG. i .  Fffl:cl tit waler activity .',aj uf I iD~zyme [M ,Nowl  Nordisk A/S, 
Baggvaerd< Denmark)nn partial hydrolyt ic reactmn of egg w~lk phns- 
phol ipid, tA),t,,, = 0,13; I l l ) a  = fl.44; {C)a~, unadjusted, i.e., a = ll.tiI). 
/"... I():{.): :]Z'. 18:l; at  20:4: 0, 22:6. 

covcry and P U F A  content  within an 8-h period.  Recom- 
mended HRV might be between 8() and 90 for D t t A  and 38 
and 50 for AA.  as can be der ived fl-om Table 3. HD c~rre- 
spends to 73 io 75 at these HRV values. 

Although we propose rcc{mmmnded condi t ions for c(m- 
centrai ing both DI-IA and AA simultaneously,  we have c~m- 
cluded, by analyzing the relationship between HRV and HD, 
that it is difficult  to c{mcentrate AA exc lus ive ly  to a much 
higher level (Fig. 2). It seelned imposs ib le  to separate  the 
HRV of  A A  from the other individual  fatty acid moiet ies  in 
accordance  with the increase in HD, especia l ly  when DHA 
coexists. On the contrary, when the AA level m the substrate 
is low, it is feasible to concentrate DH_A to a satisfactory level, 
as shown in F'igure 3 (6). HRV of  D1IA obviously  separates 
from other fatty acid moieties in accm'dance with an increase 
in HD. Figure 3 also shows that, at least up to a 20ck level of 
HD, the I)t4A moiety remains intact against l , ipozyme IM. 

As sh(~wn in Figure 4. an intermedi: i le o range seemed 
desirable for rite enrichment reaction of  DHA in PL. In fact. 
in fish oil-fed hen c~'<,,, yolk PI~, 1)HA increased front approx- 
imately 11 to more than 35% w i t h i n 8 h a t a  =0 .44 .  Under 
the same condit ions,  DHA increased from 33 to nearly 6(Y~ 
in squid skin PL. 

Although we can obtain highly DHA-concentrated PL from 
the partial hydrolysis of squid skin PL. the cft'iciency of  DHA 

RESULTS A N D  D I S C U S S I O N  

Partial hydrolytic reaction of  egg yolk PL under , ,1-regulated 
condi t ions obvious ly  increased the concentrat ion of  both 
DHA and AA in the recovered PL fi-aciion in accordance with 
reaction linle (Fig. 1 ). A relatively low intermediate a .  leveI. 
i.e., a,c = 0.44, seemed preferable for concentrat ing these 
PUFA. As shown in ] 'able 3, after 24-h reaction <'it % = 0.13, 
DHA reached 15.5% from 3.5%. and AA reached 10.8% from 
4.9%. However,  recovery under these condi t ions  was {rely 
37.5~//-, In considering the efficiency of  reaction time and re- 
covery, it seemed beneficial  to choose  an intermediate  a, ,  
range, such as a .  = 0.44, as shown in the samc table (Table 3) 
because the results  obtained are a compromise  between re- 

TABLE 3 
Recovery and Content of DHA and AA After the Lipozyme 
IM-Medlated Partial Hydro[ytic Reaction of Egg Yolk Phosphofipid 

Reaction Recow,ry Hydrolytic AA Dt[A 
'h,. time ih) :'.'~,)" degree t%) t<>,';,i t' 0!,4,/> 

D,13 8 671,9 42.1 7.8 ~.7,.3) 7.'~ tlOCh 
{).13 24 37.5 74.5 10.8 tSO.OJ I7;.5 (cJt,).OI 
0.44 8 41 .{.) 73.4 8.8 t38.5) I ~.7 (.<'Rl.o) 
0,60" 8 '~fl.4 56,1 6.0 f60.71 7.~] {~0.0) 
()if:J7 ~) f){). 1 51LO 8.41~3..$1 g.{] ~ 1 t]{.)~ 

"Recovery r"..';o = irevow.,red pl~[)~;IJhltlil;,id amount attot the rod(/fion/I)ho'4- 
)holEpkJ glrYlr)tlnt beloru lhe i(!<t(tu)R) x It)I). 
~Pa entheses ale hvdrot,/sis i(?s valCl(':g proliltsed tv  l-,.1n,3ko el ol. (5) 
<\'VilhQut ,;.., adjustment; I.il)uzyme IM ,Nero .N~rdisk A,'Sr Bagsvaerd,  r)en- 
ma~ k~. 
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FIG, 2> Relati~;nship 1)el,a.een hyrJrc, lyli( degree ,:HDI and hyde()lvsis ~e- 
sistance value ,.I-[RV, ot fl~e indiv idual  MllV acid moiel ies on Lil)oZ$,me 
IM-mediated pai l ial  hydroly l ic  reacticm ,'fl {%g yolk F~hOs])h~,liptd at a., 
= 0,44, :"':, 16:t]: ,::), ] 8 : ] ;  i , ,  2t1:4: 0 ,  22:6 So{, Figure 1 Ir other ab- 
breviatiCm and eompalqy source, 

FIG+ 3. Relationship between I ID and HRV e l  the in,dividual (airy acid 
moiel ies on Lipt>z',,me IM-medla lcd  parl ial  hydro ly l i c  react ion (A){] f  
d r.~co s a h e x a enc ,i c acid t D I-] Ai -enriched egg :,'o& [~F-ic ~sfJhol i p id, obta i ned 
from 1]sh =~iI-fvd hc'ns_ ;tn(r iB~ or' squid skin ph~>sf~h,~Iii~]d al a w = 0_44. 
.."".., 16:0: .1::', ] i f : l ;  i ,  22:{~. Fo~ other abb~eviati{ms see I-igures 1 and 2. 
1.or COml),il ly s e, st?(! Figure ] ,  

FIG, 4. Effecl of a .  eff LiFc~zyme tM ran partial hydr~~lytic re,<tion of 
DHA-enriched egg yolk plqosph{~lipirJ obta ined frc, m fish oil- f f 'd liens 
,,A,13,C) ,:rod squid skin phosphol ip id r ~, k , l ) :  a = t).l 3. B,'E: ,a,,~ = 
0.44. (:<F: a,  =C,.q7,/':,,, 16:[);I ,18:(1;2), 18:1; 0 ,  22:6, t,or abbrevia- 
tions see }:igures 1 ar'~d ~. For c:c~rnp<my s[itir(e, see FigLIre 1. 

FIG. 5. Changes in l ip id compos i t i on  dur ing L ipozyme IM-med ia led  
partial hydrolyt ic reactkm r DklA-enr iched egg yolk phosphol ip[d, ob- 
ta im,d from fish oi l - ted hens. Sph, sph ingomyel in ;  I_PE, lyseph<)s- 
I)hat idyh'th<molamine; PE, ohospha l idy lc lhano lamine;  LPC, [ysophos- 
phatbdylchc, l inc: PC, ph.ospl'latidylch{~[h'm. I iF, ozyme ]M aL, ' was ad- 
itJsfed Io [].44. For iitJ]c'r abbreviations see Figure<; I and 3. For company 
si>urc:e< see I:igurc': 1, 

concentrat ion seemed nluch higher  in fish oil-fed hen egg yolk 

PL partial hydrolysis  because Ihere was a threefold increase m 

egg yolk PL and only a twofold increase in squid skin PL. 

We predicted that most  of  the diacy] PL would  change into 

lyso PL after the reaction,  but this was not true, A cons ider -  

able amount  o f  diacyl PL still r emained  after 8 h of  reaction.  

as illustrated m Figure 5. One possible explanat ion  is that re- 

a r r angemen t  o f  acyl moie t i e s  on d iacyl  PL occurs,  Cer ta in  

amounts  o f  d idocosahexaenoyl  PL may have formed,  

In conc lus io  ], o -control led  L i p o z y m e  (M-media ted  par- 

tial hydro ly t ic  react ion of- D H A - y o l k  PL or  P[, f rom marirle 

sources should be a promis ing  technology f o r  preparing phys- 

iok]gically functional PL. 
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