
«tea» 
.i**WiM«, »i,».,,'-.,»«,;»■> itit0fvM.m#i»>>)#"^§t^ 

TECHNICAL REPORT 
NATICK7TR-93/034 AD 

Factors Influencing the  Digestibility of 
Solid Fats:  Mammalian and Plant Lipases— 

Glyceride Structure and Solvent 
By 

K. Ananth  Narayan 
Amalia Neidhardt 
Susan Sundaram 

Jason Kupperschmidt 
ELECTE 
JUN161993 

93-13474 
lillllllllll 

May 1993 

Final Report 

October 1989 -  January 1993 

Approved for public release, distribution unlimited 

U.S. ARMY NATICK 
RESEARCH, DEVELOPMENT AND ENGINEERING CENTER 

NATICK, MASSACHUSETTS 01760-5000 

FOOD ENGINEERING DIRECTORATE 

98  6   15   i BEST 
AVAILABLE COPY 



DISCLAIMERS 

The findings contained in this report are not to 

be construed as an official Department of the Army 

position unless so designated by other authorized 

documents. 

Citation of trade names in this report does not 

constitute an official endorsement or approval of 

the use of such items. 

DESTRUCTION  NOTICE 

For Classified Documents: 

Follow the procedures in DoD 5200.22-M, Industrial 

Security Manual, Section 11-19 or DoD 5200.1-R, 

Information Security Program Regulation, Chapter IX 

For Unclassified/Limited Distribution Documents ; 

Destroy by any method that prevents disclosure of 

contents or reconstruction of the document. 



REPORT DOCUMENTATION PAGE 
Form Approved 
OMB No  0704 Ot88 

gilh*fing and wairtatmnq in* daw needed and <o<r<o enn 
tOllectton o* information, '«eluding iugg«ion> >ü' <<*ao-ir 
OaviiHtghAay.S^ite U04. Arlington, wd  2JJ02 43C;  a-^3 

»v^atea to *.e'*q" " i':u' o*r 'ftooc«i if»c!wO»«g »n» ti«w« *c'»»•♦«ng <nnfgrt>Of»t «*•■ ">c *» y - . ;ata vcir<*i 

a r«> OwfCrtn t* «*«a»hin^to*i «^»OQua"!P'% te?*>c*i D'rectorat* for •<*• ,"r«i on OD*'a;>o"v ana **>ar"\    «"\  e**e*w 

1.  AGENCY USE ONLY (Leave blank) 2. REPORT JATE 

May    1993 
3. REPORT TYP!   ANO DATES COVERED 

Final Oct 89 - Jan 93 
4. TITLE AND SUBTITLE 

Factors Influencing tha Digestibility 
of Solid Fats: Mammalian and Plant Llpasas« 
Glycarida Structure and Solvant __ 
6. AUTHOR(S) 

K. Ananth Narayan, Amalia Neidhardi, Susan Sundaram, 
Jason Kupperschmidt 

S.  FUNDING NUMBERS 

PE: 6.2 
PR: 1L162724 
TA:   aAH99 
WU: BAODOO 
AO: FTB 1270 

7. PERFORMING ORGANIZATION NAME(S) AND ADORESS(ES) 

U.S. Army Natick Research, Development & Engineering Ctr. 
Kansas St, ATTN.  SATNC-ITFR 
Natick MA 01760-50U 

8. PERFORMING ORGANIZATION 
REPORT NUMBER 

NATICK/TR-93/034 

9. SPONSORING /MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING/MONITORING 
AGENCY REPORT NUMBER 

11. SUPPLEMENTARY NOTES 

12a. DISTRIBUTION/AVAILABILITY STAT'.MENT 

Approved for public release, distribution unlimited 

12b. DISTRIBUTION CODE 

13. ABSTRACT (Maximum 200 worts) 

Logistical, sensory and stability constraints in the fomulatioo of energy-dense food packets for short-term field 
applications may require the use of a high proportion of solid fats. Even limited reduction in digestibility (DIG) of such 
fats will introduce metabolic and logistical inefficiencies and may result in gastrointestinal problems. Nonanimal assays 
using pancreatic ltpase (PL) were used to estimate DIO. Two commercial solid fats were well digested (residual 
triacylgytcerols (TG) was 6-11%),  As an application of this method to a specific ration item, the complete digestion of 
heat-resistant desert chocolate bars was demonstrated:  86% fatty acids (FA and 14% monoacylglycerots (MG). The 
positional isomers of distearoyloleoylglycerol (SSO and SOS) were differentially digested (TO of 36 and 71%, 
respectively), which is of interest because of the heightened awareness of the neutral effect of stearic acid on human 
cholesterol levels. The addition of 100 uL of hexane to the incubation medium (7.5 mL) greatly enhanced DIG of SOS 
(96%) and SSO (86%). Tristearin digestion increased four-fold with added hexane based upon FA released from an initial 
value of 11%. 

14. SUBJECT TERMS 

SHELF-STaABLE FOODS 
TRIACYLGLYCEROLS 
M0NOOLYCERJDES 

DIGESTION(BIOLOGY) 
FATTY ACIDS 
FATS 

CHOLESTEROL 
15, NUMBER OF PAGES 

2U 
18. PRICE CODE 

17. SECURITY CLASSIFICATION 
OF REPORT 

Unclassified 

18.   SECURITY CLASSIFICATION 
OF THIS PAGE 

Unclassified  

19.   SECURITY CLASSIFICATION 
OF ABSTRACT 

Unclassified 

20. LIMITATION OF ABSTRACT 

NSN 754001-280-5500 Standard *o*m 298 <Rev 

w* »a; 

2-89} 



1ÄBLE OF CONTENTS 

SEKTOR PAGE 

LIST OF FIGURES IV 

PREFACE vxx 

IMIKODUCriON 

METHODOLOGY 

RESULTS AND DISCUSSION 

CONCLUSIONS 14 

HEC3CMMENDKTIONS 15 

LIST OF REFERENCES 16 

iii 

^C QttALTT ̂ WaPE^j^ 

Accessloo For 

iftis GRÄ&T   @f" 
DTIC TAB Q 
Unannounced Q 
Just ification  

By  
Distribution/ 

Diet 

Availability Codes 

Avail aod/or 
Special 

IB -I < 



LIST OF FIGURES 

FIGURE PAGE 

1. Lipase digestion of tristearin and tripalmitin       4 

with and without hexane 

2. Digestion of tristearin/triolein mixtures 4 

by microbial lipase 

3. Pancreatic lipase digestion of 7 

tristearin/triolein mixtures 

4. Pancreatic lipase digestion of cocoa butter 7 

and l-paladtcyl-2-oleoyl-3-stearin 

5. Pancreatic lipase digestion of the 

fats extracted from desert chocolate bars 

9 

6. Lipase digestion of corn oil and a commercial 9 

solid fat * 

1. Pancreatic lipase digestion of l,3-dioleoyl-2- 

stearin and l,2-diolecyl-3-stearin 

iv 

10 



LIST OF FIGURES 

FIGURE PAGE 

8. Pancreatic lipase digestion of l,3--distearoyl-»2-     10 

olein and l,2-distearoyl-3-olein 

9. The effect of hexane on the digestion of isomeric    12 

distearoyloleins 

10.     Oonfintation of the effect of hexane on the        12 

digestibility of tristrearin: 

Quantification of the digested cccponents 



PREFACE 

The need far stable fats in military rations that are nutritionally and 

physiologically adequate is well recognized. Concerns have been raised 

regarding the digestibility of some solid fats that were considered as 

candidate fats to be used in calorically dense rations for short-term 

military feeding. The nutritional effect of fats is commonly evaluated by 

animal experimentation, ifce closing of animal facilities at the U. S. Army 

Natick Research, Development and Engineering Center in 1982 provided a 

challenge as well as an opportunity to seriously consider nonanimal assay 

techniques to determine the bioavailability of fats and otlier nutrients. 

The present study (Project No. IL16AH99BA0D00) was undertaken during the 

period Oct. 1989 to Jan. 1993 to develop a simple and rapid enzymatic 

digestion method to meet the unique reaction requirements of solid fats. In 

addition, the effect of various factors such as the source of lipase, the 

structure of the fat, and the effect of certain additives, on the in vitro 

digestibility of fats was examined. It is anticipated that this study would 

be beneficial in screening various commercial fats prior to animal and human 

experimentation to meet the special requirements of energy-dense foods. 
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FACTORS WFUJBXTNG THE DIGEST1BITY OF SDIÄD FATS: 

MAJWALTAN AND PLANT UPASES - 

GLYGERIDE STOÜCIURE AND SOLVENT 

INTRODUCTION 

In the formulation of energy-dense foods for special military uses, 

whether it be by infusion into extruded porous food products or by thermal 

inclusion into new fabricated foods, it may be desirable to use a high 

proportion of semisolid and solid fats because of demanding logistical, 

sensory, and stability constraints under extreme environmental conditions. A 

case in point was the requirement during the Persian Gulf war that desert 

chocolate bars remain solid and not melt into a viscous, sticky mass under the 

prevailing high temperatures. In addition to preserving food values, it was 

important that such melt be avoided in order not to obstruct the gun mechanism 

or its sight. 

Since hydrogenation is frequently used to solidify liquid fats, some 

amount of siaple and mixed triacylglyoerols (TGs), such as tristearin, 

distearoyl olein, dipalmitoyl olein, and palmitoyl oleoyl stearin and mixed 

TCs containing solid trans fatty acids (FAs) may be present. Early work of 

Calloway et al.1 with fully hydrogenated corn, cottonseed, soy bean, palm 

oils and lard (m.p. 61-68° C) demonstrated that they were poorly digested 

(12-24%) by rats. The inccmplete digestion (65%) by rats of cocoa butter 

(m.p. 36° C), which consists predominantly (50%) of a TC containing 

palmitic, stearic, and oleic acids and of 18% of oleoyl distearin, has been 

reported by Apgar et al.2 On the other hand, normal unhydrogenated fats and 

oils are almost completely digested (97-99%) fcy rats. 
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Mattson3 has demonstrated that it is the tristearin content rather than 

the stearic acid content or the melting point of fats that shows an inverse 

correlation with digestibility in rats. However, on the basis of random 

rearrarigement of a mixture of hydrogenated linseed oil (I.V. 3) and safflower 

oil, it is also concluded by Mattson that distearoyl monounsaturated TGe 

are completely absorbed by rats. Since the safflower oil used consisted of 

78% linoleic acid, this distearoyl monounsaturated TG would more likely be 

distearoyl monolinolein rather than distearoyl monoolein. Except for one 

subsequent article by Mattson et al.4 and the early studies of Mattil and 

Higgins5 on the digestibility by rats of various TGs of oleic and stearic 

acids, there is limited literature on the utilization of relatively high 

melting TGs containing stearic and oleic acids. 

liiere is considerable concern regarding the need to minimize animal 

experimentation not only from the standpoint of humane treatment of animals 

but also to develop rapid, cost-effective and efficient screening procedures. 

However, it has to be recognized that nonanimal assays can provide only 

partial answers: for example, in these in vitro experiments, while 

information can be obtained upon digestibility under specified conditions, 

conclusions on absorbability will have to be deduced from animal experiments. 

The specific objectives of this work were: a) to modify enzymatic 

procedures to meet the unique reaction requirements of solid and semisolid 

fats; b) to assess the suitability of commercially available solid fats for 

use in specific military ration components; c) to gain a better understanding 

of the relationship between TG structure and in vitro digestibility so as to 

recommend fats of specific structure to meet the special requirements of 

energy-dense foods. 
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METHODOIOGY 

The fats were digested with pancreatic lipase (Int. Bioctvemicals Tech., 

Madison,WI) at pH 8.0 in 7.5 mL of IM ammonium chloride-annonium hydroxide 

buffer cx)ntaining 0.27 M calcium chloride and 0.073 irM sodium deoxycholate 

for 2 h. The procedure was an adaptation of the method of Mattson and 

Beck.6 A small sample quantity (25 mg) and a high ratio of enzyme to 

substrate (1400 USP units/25 mg) were observed to maximize the rate of the 

reaction and were routinely used in these studies. The reaction was 

stopped with an excess of IK HC1 and the mixture was extracted with 

chloroform. The lipid components in the extracts were resolved on TLC 

plates coated with silica gel GHL (Analtech, Newark, DE) using 

hexane-diethyl ether-acetic acid (80/20/1, v/v/v) and quantified, after 

charring with sulfuric acid, using a Schoeffel densitometer coupled to a 

Waters 930 Data Module.7 All values are mean of four replicate 

determinations. Where appropriate, the standard Student's fr-test was used 

to assess the significance (expressed as probability (p) values) of 

differences of the group means. Fatty acid compositions were determined in 

a Perkin Elmer Gas Chromatograph. The glyceride and fatty acid components, 

resolved by preparative TLC, were reacted with 14% boron trif luoride in 

methanol to convert them to methyl esters.7'8 

The synthetic triacylglycerols vere purchased from Sigma Chemical Co. 

(St. Louis, M3). The method of synthesis provided some assurance as to 

position of the fatty acids in the TG. The purity of these compounds was 

evaluated in three ways: 1) by TLC to ensure there were no fatty acid, mono 

or diacylglycerol or other contaöDdnants; 2) by GLC to ensure that the fatty 

acid compositions were close to the calculated values; 3) by pancreatic 
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FATTY ACIDS RELEASED % 

SSS SSS/HEXANE PPP PPP/HEXANE 
Figure 1.      Lipase digestion of tristearirt (SSS) and 

tripalmitin (FFP) with and without hexane 

DIGESTIBILITY AS % OF TRIOLEIN 

~i i 

TS 100%       TS/T0;75/25 50/50 25/76 TO 100% 

Figure 2.  Digestion of tristearin/triolein mixtures by 
microbial lipase 



lipase (PL) digestion to ensure that the predctninant FA in the 

roonoacylglycerol component was the fatty acid in the 2-position of the TG. 

RESUUTS AND DISCUSSION 

Pancreatic lirase digestion of tristearin and trioaljnitin with and 

without hexane 

Since the purpose of this investigation was to assess the digestibility of 

solid fats, it was decided to tackle first the most resistant solid fats 

(tripalmitin and tristearin) with high m.p. (65 and 73° C, respectively). 

Consistent with other data in the literature, it was observed that both 

tristearin (TS) and tripalmitin (TP) were poorly digested by PL even under our 

ideal experimental ccnditions. Cheng et al.9 observed that TS and IP were 

poorly digested (19 and 28% respectively) by rats. The low solubility of high 

melting point fats is generally considered to be a major reason for their poor 

digestibility. An attempt was made to enhance their solubility by the addition 

of a solvent. It has been reported that solvents miscible with water may 

enhance lipase action either by influencing the conformation of the enzyme or 

the substrate micellar structure.10 Polar solvents, such as methanol or 

ethyl alcohol, were ruled out because of possible denaturing effects. Hexane 

was selected since it was considered safe from the standpoint of enzyme 

activity and because it would partially enhance the solubility of the fats. To 

our surprise, this solvent was very effective (Fig. 1) even when a small 

volume (0.1 mL) was added to the incubation medium of 7.5 mL total volume, 

However, it has to be conceded that this finding is primarily of theoretical 

interest at this time. 
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A comparison of the digestion of i-H gH^-rjn/triolein mixtures using 

mierobial and mammalian Upases 

Plant lipases are known to differ from mammalian lipases with respect to 

their lack of specificity of the acyl position in the TGs that are cleaved. In 

this experiment, a xnicrofoial lipase of fungal origin (Khizopus arrhxzus) was 

tested for its ability to digest TS and several mixtures of TS and triolein 

(TO). While only 20% of the TS was digested to glycerol and fatty acids (FAs), 

the addition of TO resulted in increased digestion of TS. At a ratio of 25/75 

of TS/TO, all of TS was digested to the same extent as TO (Fig. 2). 

With pancreatic lipase (EL), however, there was no beneficial effect 

(i.e., no increase in the digestibility of tristearin) of adding TO even when 

a ratio of 25/75 (TS/TO) was used (Fig 3); this finding is in agreement with 

the in vivo data of Mattson cxncserning the digestibility of TS. Whether there 

is an effect at lower ratios such as 10/90 or 5/95, which may be of some 

importance in obtaining desired fat consistencies, remains to be determined. 

Pancreatic lipase digestion of cocoa butter and palmitoyloleovlstearin 

Contrary to the results obtained in vivo by Apgar et al.2, only 7% of 

the TGs of cocoa butter remained undigested during in vitro digestion by PL 

(Fig 4). liiere were about 6% diacylglycerols (DGs) and 3% of monoacylglycerols 

(MGs) in the digest. The synthetic TG, l-palmtoyl-2-oleoyl-3-stearin (POS) 

was fully digested (1% TG). 

Pancreatic lipase digestion of the the fats extracted from heat-resistant 

desert chocolate bars from two commercial sources 

It was important to establish whether the fats in the heat-resistant 



DIGESTIBILITY AS % OF TRIOLI 

100 

80 

60- 

40- 

I EFFECT OF TRIOLEIN 

  TS 100%   TSATO:50/50    2S/75     TO 100% 

Figure 3.  Pancreatic lipase digestion of tristearin/ 
triolein mixtures 

DG 6.5% 
TG 7% 

MG 3.5% 

FA 83% 

MG 3.5%TG 1% 
DG 6.5%. 

FA 89% 

Figure 4.  Pancreatic lipase digestion of cocoa butter 
and l-palnu.tovl-2-oleovl-3"stearin (FQS) 
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desert chocolate bars (HR-DB) used in the Persian Gulf war were biologically 

available. Hie fats, extracted from HR-DBs from two commercial sources, were 

observed (Fig. 5) to be well digested (86% FA and 14% M3). The FAS in these 

fats were essentially those of cocoa butter and consisted primarily of 25% 

palmitic, 33% stearic, 33% oleic and 3% linoleic acid. 

Pancreatic lipase digestion of com oil and a solid fat from a commercial 

source 

Corn oil (Fig. 6) and triolein (data not shown) were fully digested with 

little or no remaining TC (less than 1%). On the other hand, the digestion of 

cocoa butter indicated there was 7% of residual TG under the in vitro 

conditions used here (Fig. 4). Another representative solid fat (Fig. 6), with 

a m.p. of 38° C,which was also tested under these conditions was well 

digested, but it had a residual TG of 11%. 

Pancreatic lipase digestion of 1.3-dioleovl-2-stearin and l,2-<iioleovl 

-3-stearin 

The PL digestion of two isomeric liquid TGs, l,3,-dloleoyl-2-stearin (0S0) 

and l,2-dioleoyl-3-stearin (00S) showed that only 4-5% of residual TC was left 

after 2 h digestion (Fig. 7). The amount of undigested DG (10%) in 006 was 

greater (p < 0.025) than in 0S0 (5%). She fatty acid profiles of 000 and 00S 

indicated that their undigested M3s contained exclusively stearic and oleic 

acids, respectively, as would be expected. 
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MG 15% 

FA 85% 

DESERT BAR FAT 
SOURCE 1 

DESERT BAR FAT 

SOURCE 2 
Figure 5.      Pancreatic lipase digestion of the 

fats extracted from desert chocolate bars 
from two commercial sources 

MG 15% DG 6% 
TG 11% 

CORN OIL OÖ-^MEäOlAL I:=AT 

Figure 6.  Pancreatic lipase digestion of corn oil and a 
commercial solid fat 
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DG 5% 
MG 10% 

TG 4% 

FA 81% 

TG 5% 
MG 8% 

OSO 

Figure 7.      Pancreatic lipase digestion of 1.3-dioleoyl-2- 
stearin (OSO) and 1.2-dioleoyl-3-stearin fOOS) 

MG 5% 
DG 5% 

TG 36% 

FA 25% 

''-A    ^ A\ 0/ TG 71% 

SSO 

Pancreatic lipase digestion of 1,3-distearoyl- 
olein (SOS) and l,2-distearoyl-3-olein (SSO) 
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pancyeatic lipase ctiqqgUqo Qf  l^istearQVJr^lejn anfl 

1,2-distearoy:H^Mn 

When we consider the digestion (Fig. 8) of the two isomeric distearoyl 

monooleins, (m.p. 44°C) there is a large difference (p. < 0.001) in the 

residual TG, 71% in the case of l,2-ä^stearayl-3-monoolein (SSO), as opposed 

to 36% in the case of 2-oleoyl-l,3-distiVürin (SOS). Mattson et al.4 have 

also reported intermediate rat digestibility values for the stearate component 

of SSO and SOS (60 and 70%, respectively), which is to be contrasted with the 

digestibility value of nearly 100% for OSO. However, the differences that they 

observed between SOS and SSO in vivo were less dramatic than seen here in 

vitro. Colon bacteria are known to metabolize peptides, fibers, di- and 

trisaccharides.lt is possible that some of the saturated fat that is 

undigested in the small intestine may be metabolized by colon ndaxxarganisras 

before it is excreted. In such an event, absorbability based upon fecal 

excretion would be overestimated. 

One distribution of EAs in the digested products shows that stearic and 

oleic acids are the predominant EAs in the undigested M3s of SSO and 90S. The 

lack of complete digestion of the TG remnants is difficult to explain except 

on the basis of the time frame of the experiments. These remnants were not 

greatly different from their parent compounds except that they were slightly 

enriched in oleic acid in the case of SOS and that stearic acid was slighly 

more abundant in the case of SS0 than would be expected. A speculative 

explanation is that there is some acyl exchange during lipolysis. It has been 

reported that some acyl wandering occurs during catalytic hydrogenation under 

certain conditions and provides some support for this possibility. 
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MG 5% DG 1% 
TG 8% 

Figure 9*  The effect of hexane on the digestion of isomeric 
distearovloleins (SOS & SSO) 

MG 3% 

FA 11% 

DG 3.5% 
MG 2.5% 

FA 46%, 

TO i m 

SSS W/ HEXANE 

e 10  Confirmation of the effect of hexane on the 
digestibility of tristrearin: (SSS) 
Quantification of the digested components 
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The effect Of hexane OH the togesfrMirty <?f  igcmerip djstearoyl oleins. 

As mentioned earlier, our working hypothesis has been that in order for 

the enzyme to react with solid fats, which are poorly solubilized by 

deoxycholate, increase in fluidity of the substrates would aid the 

digestibility. It was hoped that hexane would either aid in better displaying 

the substrate to the enzyme or would facilitate the solubilization of the fat 

by deoxycholate micelles. Ihe almost complete digestion (Fig. 9) of SOS (4% 

TC) and SSO (8% TG) by the addition of hexane appears to support this 

possibility, although other explanations such as changes in enzyme 

conformation cannot be ruled out. 

The effect of hexane on the digestibility of a hard fat like tristearin 

One remarkable increase (p < 0.001) in the digestibility of tristearin 

(SSS) by the addition of 0.1 mL of hexane to the incubation medium was 

confirmed in this experiment (Fig. 10). The stearic acid released increased 

(p < 0.001) dramatically (4-fold). This increase may, in part, be ascribable 

to the increase in fluidity of the fat, which makes it easy to interact with 

the enzyme. On the other hand, it is possible that the solvent merely 

dissolves a small amount of the fat and facilitates the continuous 

partitioning of it into the aqueous phase and thereby permits its 

solubilization into deoxycholate micelles. 
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OONCXJUSIONS 

The enzymatic assay provides a simple and rapid means of evaluating the 

digestibility of liquid, semisolid and solid fats, the application of this 

method to liquid fats, such as corn oil, triolein, OSO, and 00S, as well as to 

semisolid and solid fats, such as cocoa butter, commercial solid fats, the 

fats in heat-resistant desert chocolate bars, POS, SOS, SSO, PPP and SSS (in 

the range of m.p. of 38 to 73° C) is indicative of its utility and 

versatility, That fatty acid composition or the m.p. alone cannot predict 

digestibility is clearly seen from the data on SOS and SSO, However, it is not 

advocated that in vivo experimentation be ignored. 

From the literature, it is known that 2-monoacylglycerols of stearic and 

other FAs are well absorbed. The absorption of the free acids, palmitic and 

stearic, is diminished by the presence of dietary calcium and magnesium due to 

the formation and excretion of insoluble soaps. The enhancement of the 

lipolytic reaction of PPP, SSS, SOS and SSO by the addition of a small amount 

of hexane is primarily of theoretical interest but it may have diverse 

practical ramifications (e.g., splitting of higji melting fats with plant 

lipases, production of 2-racncacylglycerols and other specific synthetic 

chemical reactions using enzymes where two phase-systems are desirable). 

Finally, the high digestibility of SOS opens up the possibility of utilizing 

this mixed TG in food applications. It is recognized that stearic acid has no 

effect upon human plasma cholesterol levels, unlike hydrogenated coconut oil 

(H00) ,11 currently used in dairy products and beverage powders. Fats 

containing high levels of SOS can replace HOO in many foods where there is 

need for long-term stability without attendant deleterious consequences to 

health. 
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REOCWMEKnAITONS 

It is recommended that: 
/ 

1. The pancreatic lipase digestibility method developed here be used as a 

routine screening method prior to animal and human experimentation to 

determine the in vitro digestibility of fats to be included in military foods. 

2. Furtiier studies be carried out with food-grade emulsifiers, such as 

gum acacia, lecithin, etc., to determine whether the digestibility of 

distearoyl stearins can be enhanced. 

3. A search be instituted far other natural fats, such as shea fat, 

isolated from the kernels of the African plant, Butvrosperroum parkii, that are 

abundant in SOS or SSO with the objective of including them in shelf-stable 

foods. 

4. A simple method for synthesizing SOS and SSO be developed avoiding the 

use of nonGRAS chemicals or reagents. 

5. Studies be conducted in collaboration with U.S. Department of 

Agriculture to determine the specific effect of SOS and SSO upon human 

cholesterol metabolism. 

6. Investigate the possibility of using time-release encapsulated 

immobilized plant lipases as possible adjuvants in the utilization of 

difficult to digest solid fats. 

Thi« doc a »eat report« research undertaken at the 
US Army Natlck Rasearch, DavaJopmant and Enginaaring 
Center and baa been assigned No. N ATICK/TR -^f3/03H' 
is the series of report! approved for publication       / 
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