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ABSTRACT 

Supercritical CO, W;LS used to extract the pigments and lipid fnction fmm leaf protein concentrates. Extractions 
were performed-using pressures of IO-70 M~J at 40°C and CO. How rates ot’ 5-6 Limin. Some functional 
properties and the orgnoleptic ch;mcteristics of the extracted meal were evaluated in comparison to those of 

LPC treated with acetone. 

- Key words: functional properties. leaf protein concentmtes. orgunoleptic charaoterisncs. 
uupercritic~l carbon dioxide. - 

INTRODUCTION 

Leaf protein concentrates (LPC.s) have a high protein content and an appropriate ammo acid composition 
that make them suitable in applications involving human nutrition. One of the major obstacles to the utilizatton 
of LPCs in the human diet is represented by their organoleptic characteristics. The color of LPC ranges from deep 
_geen to black. due to the presence of natural pi-gments (chiorophyll and carotenoids) and pmducrs formed by 
polyphenol oxidation and the Maillard reaction. Furthermore, LPCs have a strong -grassy flavor. that can be 
ascribed to the lipid tiaction and products originatin! fmm the oxidation OF natuml unsatumted fatty acids, 

The solventsproperties of supercritical carbon dtoxide (SC-CO,) are well documented (PAUL and WISE. 
[%I: ,and MCHUGH and KRUKONIS. 1986: STAHL et al.. 198%) and among its potential applications are the 
rxtmction ot’ lipids and the recovery of natural pigments (FRIEDRICH. 19x4: MANABE et al.. lYX7: STAHL 
et al.. IYHX). 

Furrhetmore STAHL et al. I 19x41 reported that rrentment wrth SC-CO. itt WC did not aft&r the nutntionai 
value of various oil seed meals. The aim of this research W:LS to extmct the brgmrnts and lipid t’ractlon from LPC 
by using SC-CO. and to compare some propemes of the residual LPC to those of decolorized LPC obtained VU 
acetone extra&n. 
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MATERIALS AND METHODS 

LPC were prepared from alfalfa (Medicogo sutivu L.) harvested during the prefloweting stage. After 
washing in in 0.1% sodium metabisulfire solution. the =gs was chopped and squeezed according to a described 
pilot plant method (FIORENTINI and GALOPPINI. I98 I ). and the collected juice was rapidly centrifuged (4200 
x g. retention time I5 set) to separate any remaining fiber particles (LENCIONI et al.. 1984). The juice was then 
heated IO X5’-9o°C by steam injection to obtain a protein coagulum that was recovered by centtifugation (2ooO 
x p. retention time 5 min). 

Acetone-extraction runs were conducted on portions of wet LPC according to FAVATI et al. (1988a). while 
SC-CO, extractions were performed on 45-50 p of freezedried LPC with the apparatus in Figure I and described 
in detaii elsewhere (FAVATI et al.. 1988b). In order to test the solubility power of SC-CO: at different densities, 
runs were conducted at 40°C and at pressures of IO. 30.50 and 70 MPa. A standard amount of CO, (5.4 kg) was 
used in each run. with recorded flow rates of 5-6 Umin at ambient conditions. 

The proximate composition of LPC samples before and after the extraction was detetmined according to 
standard AOAC ( 1984) methods. Nitrogen solubiiity over the pH range 3-10 was determined using a slight 
modification of the method of BETSCHART ( 1974). Five hundred milli~grams of LPC were placed in a centrifuge 
tube with 45 ml of distilled water and the pH adjusted to the desired value with solutions of 1N or O.IN NaOH 
and/or HCI. The sample was then stirred for I h at Zj”C and the pH monitored throughout this period. Necessary 
pH readjustments were made with the above solutions, taking care not to exceed the total volume of 5 ml. 
including the distilled water utilized to wash the electrode. Aftetwatds the sample was centrifuged at 1610 x G 
for 30 min. The supematant W;LI: then filtered (Whatman no.1 filter paper). the volume brought IO 50 ml with 
distilled water. and the nitrogen content determined on a 5 ml aliquot by Kjeidahl procedure. The nitrogen 
solubility value at a given pH was calculated on the bit% of four determinations. 

Water absorption was measured a~ follows: IO ml of distilled water were added to 1 g of LPC and sttrred 
for 30 min at 25°C. The mixture was then centrifuged at 1610 x G for 25 min and the free water recovered. Water 
absorption was expressed ins g retained water/g LPC. 

Fdt absorption was determined by a moditication of the ptocedure used by LIN and HUMBERT ( 19743. Five 
- hundred milli-grams of LPC were added to 3 ml of peanut oil and stirred at 2YC for 30 min. The mixture was then 

let test for 25 min and subsequently centrifuged at 1610 x C for 30 min. The free oil was recovered and the fat 
absorption was expressed as g. retained oil/g LPC. 
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The color and the =“rassy tlavor of the samples were assessed by sensory evaluation according to FAVATI 
et al. ( 1988~1). Color was rated on the scale: deep =en. ,gmen. pale =green. pale ,-n-gray. white-gny. pale white- 
,gy, white. Gtassy tlavor was mted on the scale: very strong, strong. moderate, weak. absent. 

RESULTS AND DtSCUSSION 

Complementary or alternative sources of proteins for human nutrition am in increasing demand Aside from 
having an appropriate nutritiona! va!ue. the successful use of LPCs mkt!y re!ies on thei: organoleptic 
characteristics and functional properties. The organoieptic chatacteristics are important for the acceptance of the 
proteins as a food by consumers. the functional propenie-s are critical in predicting how these proteins will behave 
in a food system. In this work the effects of aeatments with SC-CO, on LPC. have been studied taking into ac- 
count both these parameters. 

The proximate composition of untreated and residual LPC after extraction with acetone and SC-CO, at 
different pressures is reported in Table I. Analytical data showed that the maximum removal of fat with SC-CO, 
was attained at the pressure of 70 MPa. where X5% of the theoretically available fat was extracted. Conversely. 
the exnaction with acetone caused a reduction in the fat content equal to 98.5%. This difference should be 
partially ascribed to the fact that phospholipids show a negligible soiubiiity In SC-COZ The temov;ll of lipids 
affected the protein content of the residual product, raising crude protein from 46.3% to a maximum of 5 1.9%. 
after extmction at 70 MPa. Protein content of the LPC atier extraction with acetone was 36.1%. 

Water absorption data were not signiticantly different for the untreated LPC and the extracted samples 
(Table 2). Results from Fat absorption indicated that the acttons performed with SC-CO2 produced a definite 
reduction in the amount of oil absorbed. ranging from. 18.9 to 22.3% over the pressure rested. This result was 
opposite from that obtained wuh acetone extraction, where no signiticant change in the fat absorption was 
recorded. 

A comparison of the nitrogen soiubiiity data for untreated and extracted LPC indicated substantial 
differences between the treatments (Fig. 2). While SC-CO2 extmctions did not produce major channges in the 
nitrogen sohtbility profile of LPC. extmction with acetone caused an appreciable reduction in this junctional 
pmpeny over the entire range of pHs tested. This trend wt~ substantiated by statistical analysis of the data 
(p=o.OS). 

Sensory evaiuation allowed further characterization of the samples. The knassy tlavor was reduced fmm 
“very strong” to “weak” by SC-CO, treatments at all pressures tested. The same assrssment W;IS given to the LPC 
extracted with acetone. LPC treated with SC-CO, did not show a significant reduction in color. being evaluated 
as “deep green”, while extraction with acetone produced ;L “whtte-gray” residue. Though the removal of 
carorenoids fmm LPC by SC-CO, has been described (FAVATI et al.. 1988). this mrnimal uptake of pigments 
should be ascribed to the chemicil nature of chlorophylls ;md to the drving process. In fact the latter has been 
reported to reduce the extent of decoiorization achievable also with .t&tional .solvents (HUANG et 21.. I97 I ). 

Acetone 

10 

Extraction pressure (MPa) 

30 50 70 

Crude Protein 46.2 56.1 48.0 50.6 51.1 51.2 
(N x 6.25) (“lo) 

Crude fat (%) 13.0 0.2 7.5 6.5 6.2 5.4 

Ash (%) 12.6 15.6 13.2 14.1 14.2 13.9 / 

Total N-free 
extract (%) 

28.0 28.1 31.3 28.8 28.5 29.5 j 
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Untreated Extracted LPC 
LPC 

Acetone Extraction pressure (MPa) 

40 30 50 70 I 

Water absorption 
(g $04 LW 
Fat absorption 
(g oil/g LPC) 

2.90 3.04 2.95 2.93 2.95 2.82 

2.33 2.31 1.81 9.84 1.89 1.87 

20 

15 

Kl 

)111 LPC 
~-4 10 MPa 
x----u 30 MPQ 
a- ---+ 50 MPa 
+--+ 70 MPe 
t--4 ACETONE 

2 
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