biology and life
sciences forum

Proceedings Paper

The use of chromatographic and thermal techniques to assess
the stability of fat isolated from chickpea protein concentrate

during its storage

Diana Manko-Jurkowska *, Agnieszka Gdrska ! and Angelika Kosowska 2

Citation: To be added by editorial

staff during production.

Academic Editor: Firstname Last-

name

Published: date

Copyright: © 2023 by the authors.
Submitted for possible open access
publication under the terms and
conditions of the Creative Commons
Attribution (CC  BY)
(https://creativecommons.org/license

s/by/4.0/).

license

1 Department of Chemistry, Institute of Food Sciences, Warsaw University of Life Sciences-SGGW, 159C
Nowoursynowska Street, 02-776 Warsaw, Poland

2 Department of Food Safety and Chemical Analysis, Prof. Waclaw Dabrowski Institute of Agricultural and

Food Biotechnology - State Research Institute, 36 Rakowiecka St., 02-532, Warsaw, Poland

Correspondence: diana_manko_jurkowska@sggw.edu.pl.

t Presented at the 4th International Electronic Conference, “Focus on Sustainable Food Systems: Current
Trends and Advances”.

Abstract: The aim of the study was to assess the stability of fat isolated from chickpea protein con-
centrate (CPC) during its storage using chromatographic and thermal techniques. Fat was extracted
from CPC using the Folch method, and the fat fraction was analyzed for the fatty acid (FA) compo-
sition by gas chromatography (GC) and for the oxidative stability by pressure differential scanning
calorimetry (PDSC). The isolated fat was stored in freezing and cooling conditions, as well as at
room temperature with and without access to light. The GC analysis of the stored fat was repeated
28 days after extraction, and PDSC tests were done also 7, 14, 21 and 28 days after extraction.

Keywords: chickpea protein concentrate; fatty acid composition; oxidative stability; pressure differ-
ential scanning calorimetry

1. Introduction

Chickpea (Cicer arietinum L.) is a highly nutritious pulse crop grown and consumed
all over the world [1]. It is a valuable source of good quality protein rich in a number of
essential amino acids (e.g., lysine, leucine, and arginine) including branched chain ones
[2]. Chickpea proteins have been reported to be highly digestible ingredients with a wide
range of useful techno-functional properties such as foaming, emulsification and gelling
[3-5]. Therefore, chickpea is a promising protein source, both for new products such as
meat analogues, and for supplementation of traditional foods [6].

Chickpea proteins can be found in high content in chickpea flour, which can be fur-
ther processed into chickpea protein concentrates (CPC) and isolates (CPI) for use as func-
tional ingredients in food products [5]. The second ingredient found in the highest
amount in such powders, after protein, is fat. In concentrates, its amount can reach up to
several dozen percent and can significantly affect both the taste and stability of food prod-
ucts containing CPC.

Lipids are important components of food, in addition to providing energy, texture,
and mouthfeel, are a source of essential fatty acids and provide a heat transfer medium
for food processing [7]. Unfortunately, they are also components that are very susceptible
to oxidation processes. Oxidation of lipids is affected by a number of factors including;:
(1) processing and storage conditions (temperature, light, oxygen); (2) content of unsatu-
rated fatty acids and their distribution in triacylglycerol molecule; and (3) the presence of
antioxidants (inhibitors) or prooxidants (catalysts) [8]. Lipid oxidation reduces the nutri-
tional value of food and limits its shelf-life with the development of unpleasant rancid
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odor and taste, consequently making food unacceptable for consumption. Moreover, lipid
oxidation products can cause various biological reactions negatively affecting human
health [7]. Therefore, in the food industry it is so important to study the process of lipid
oxidation, especially edible oils with a high content of unsaturated fatty acids, which are
particularly susceptible to oxidation.

The purpose of the present paper was to assess the oxidative stability of fat isolated
from CPC during its storage under different conditions (in freezing and cooling condi-
tions, as well as at room temperature with and without access to light) using chromato-
graphic (gas chromatography, GC) and thermal (pressure differential scanning calorime-
try, PDSC) techniques.

2. Materials and Methods
2.1. Materials

Commercially available chickpea protein concentrate, Cicerpro™ 70G (Exeller, Po-
land) were used in this study. The CPC composed of 67% protein, 20% fat, 5% fiber, max.
8% ash and <0.2% carbohydrates on a dry basis as stated by the manufacturer.

Fat from CPC was extracted using Folch’s method according to the procedure de-
scribed by Boselli et al. [9] immediately after opening the package. The isolated fat was
divided into four vials, which were kept tightly closed:

* in freezing conditions (laboratory freezer - temp.-20°C) - sample designed as CPC-;
* in cooling conditions (laboratory refrigerator - temp. 4°C) - sample designed as CPCy;
* atroom temperature without access to sunlight - sample designed as CPC;

* atroom temperature exposed to sunlight - sample designed as CPCuv.

2.2. Gas chromatography (GC)

The determination of fatty acid (FA) composition in examined samples was carried
out by GC analysis of fatty acid methyl esters prepared through esterification with
KOH/methanol (1M) according to ISO 5509:2001 [10].

An YL6100 GC chromatograph equipped with a flame ionization detector and BPX70
capillary column of 60 m x 0.25 mm x 0.25 um was used. The oven temperature was pro-
grammed as follows: initial temperature 70°C (for 0.5 min) was increased by 15°C min~! to
160°C next from 160 to 200°C it was increased by 1.1°C min'; and then kept at 200°C for 6
min, in the next step from 200 to 225°C it was increased by 30°C min and kept at 225°C
another 1 min.

The temperature of the injector was 225°C (with a split ratio of 1:50) and the detector
temperature was 250°C. The carrier gas was nitrogen at a flow rate of 1.2 mL min~. For
each sample measurements were carried out at least two times. The results were expressed
as relative percentages of each FA. Reference fatty acid methyl esters from Sigma-Aldrich
were used as standards for identification and quantitation purpose.

2.3. Pressure differential scanning calorimetry (PDSC)

The oxidative stability of fat extracted from CPC was determined using differential
scanning calorimeter (DSC Q20, TA Instruments) coupled with a high-pressure cell
(Q20P). Weighed fat samples (3—4 mg) were placed on an open aluminum pan in the heat-
ing sample chamber of the PDSC cell. Experiments were performed under oxygen atmos-
phere with an initial pressure of 1 380 kPa and with the 100 mL min~ gas flow rate. The
isothermal temperature for each sample was programmed at 120°C. Obtained PDSC dia-
grams were analyzed using TA Universal Analysis 2000 software.

For each sample, measurements were carried out at least two times, and the PDSC
oxidation time (tmax) was determined on the basis of the maximum rate of heat flow with
an accuracy of 0.005.

3. Results
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3.1. Fatty acid compostion

Fatty acid (FA) composition of the studied fat isolated from CPC determined imme-
diately after the extraction process (CPCy) and after 28 days of storage in room conditions
(with, CPCyyv, and without access to light, CPCz) as well as in cooling (CPC,) and freezing
conditions (CPC.y) is presented in Table 1 along with the total percentage of saturated
(SFA), monounsaturated (MUFA) and polyunsaturated fatty acids (PUFA).

Table 1. Fatty acid composition of oil a) immediately after its isolation from chickpea protein con-
centrate (CPC) and b) after 28 days of storage in various conditions.

Percentage of fatty acid [%]

Fatty acid 1mm.ed1ate.ly after 28 days of storage in various conditions
after isolation
CPCo CPC-x CPCs CPCz CPCuv
C14:0 0.30 +0.04 0.25 +0.05 0.30 +0.04 0.40 +0.05 0.50 +0.05
Cl6:0 1145+0.13  11.80+0.27 12.20+0.18 13.60+0.22  14.70+0.55
Clé:1 0.30 +0.01 0.30 +0.02 0.30 +0.00 0.30 +0.01 0.30 +0.00
C18:0 2.30 +0.05 2.30 +0.08 2.30+0.10 2.20 +0.05 2.20 +0.05

C18:1 n-9c 37.35+0.21 37.35x035 37.30+0.55 36.60+0.55  36.30 +0.50
C18:2 n-6¢ 4420+1.37 43.80+1.29 4340zx136 4290095  42.10+0.36
C18:3n-3 2.10 £0.02 2.10 £0.03 2.10+0.02 2.10£0.01 2.05£0.03

C20:0 0.90 +0.05 0.90 +0.08 0.90 +0.10 0.70 £0.05 0.70 £0.02
C20:1 0.70 +0.02 0.70 +0.04 0.70 +0.04 0.60 £0.05 0.55 +0.03
Yother 0.40 +0.05 0.50 +0.02 0.50 +0.02 0.60 +0.08 0.60 +0.05
YSFA 14.95 15.25 15.70 16.90 18.10
IMUFA 38.35 38.35 38.30 37.50 37.15
YPUFA 46.30 45.90 45.50 45.00 44.15

The percentage of individual FA in the sample was presented as the mean + SD (standard deviation)
CPCo - oil immediately after isolation with CPC (day 1); CPCx0 — 0il stored in freezing conditions;
CPCs - oil stored in cooling conditions; CPCz — oil stored at room temperature without access to
light; CPCuv — oil stored at room temperature and exposed to sunlight

SFA, MUFA, PUFA - saturated, monounsaturated and polyunsaturated fatty acids, respectively.

The fat isolated from CPC contains only long-chain fatty acids. The main FA are pal-
mitic (PA, C16:0) (~11.45%), oleic (OA, C18:1) (~37.35%) and linoleic (LA, C18:2) (~44.20%)
acids, and in total composed around 93.0% of the total FA content of the sample studied
immediately after extraction (Table 1).

GC analyzes performed after 28 days of storage showed only slight changes in the
FA profile of CPC oil. The share of most MUFA and PUFA decreased, primarily LA and
OA, while the share of PA increased (Table 1). These changes depended on the oil storage
conditions and were greater the higher the storage temperature. Taking into account the
fact that the greatest changes were observed in the conditions of fat storage at room tem-
perature (with and without access to light) - probably some of the OA and LA were oxi-
dized, and the reduced amount of these acids in the sample could have resulted in an
increase in the percentage of SFA.

After 28 days, the FA profile for the fat sample stored in freezing conditions (CPC-)
was most similar to the one obtained immediately after isolation from CPC (CPCy).

3.2. Oxidative stability

The PDSC method was used to monitor the oxidative stability of fat isolated from
CPC. Analyzes were performed immediately after fat extraction and after 7, 14, 21 and 28
days of storage in freezing and cooling conditions as well as at room temperature (without
and with access to sunlight).
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As a result of the analyses, a PDSC diagram of fat oxidation with single exothermic
signal was obtained for each tested sample (Figure 1 as representative).
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Figure 1. The representative PDSC diagram of fat isolated from chickpea protein concentrate (CPC).

Based on the obtained PDSC curves, the PDSC oxidation time (tmax), the time corre-
sponding to the maximum value of heat flow/the maximum rate of fat oxidation, was de-
termined (Table 2).

Table 2. The PDSC oxidation time (tmax) of fat a) immediately after isolation from chickpea protein
concentrate (CPC) and b) 7, 14, 21 and 28 days after isolation.

Tmax [Min]
Oil sample ;:eTiesillzt;?; 7 day 14 day 21 day 28 day
CPC-0 11.32 +0.21 11.26 +0.15  11.16 +0.11 1042 +0.11  10.34 +0.01
CPCs 11.32 +0.21 11.21+0.40  11.52+0.06  11.34+0.15  10.49 +0.34
CPC2 11.32 +0.21 11.08 +0.09  11.56 +0.08  11.42+0.05  11.44 +0.04
CPCuv 11.32 +0.21 11.17+0.32  11.60+0.34  11.53+0.23  11.86 +0.10

* Footnotes as in Table 1.

The PDSC oxidation time of fat stored in various conditions for 28 days ranged from
10.34 to 11.86 min. The higher the tmax value, the greater the oxidative stability of the tested
fat. The shortest tmax after 28 days of storage was obtained for CPC-2, and the longest for
CPCuv. All samples showed a decrease in tmax on day 7 of the study compared to the initial
sample. However, only for CPC- there was a further gradual decline in tmax with the stor-
age time, and these changes were abrupt between the 14th and 21st day of the study.

3. Discussion

The FA profile of fat isolated from CPC is definitely dominated by unsaturated fatty
acids, constituting approx. 85% of all FA, with more PUFA (46.30%) than MUFA (38.35%).
Unsaturated fatty acids dominate in the FA profile of other legumes [11]. The main differ-
ence between the FA composition of various legumes is the content and proportion of
oleic and linoleic acid. Chickpea has higher amounts of LA and OA compared with other
edible pulses such as lentils, peas and beans [1].

The FA composition of fat isolated from CPC is consistent with those obtained by
Marioli Nobile et al. [12] for kabuli type chickpea seed oils. They examined 14 genotypes,
emphasizing that in each case the highest content of FA was found for LA (42.1 - 58.7%),
OA (21.7 - 43%) and PA (9.0 - 10.7%). The authors emphasized that consuming chickpeas
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makes it possible to increase the amount of PUFA and the PUFA:SFA ratio in the diet,
which affects, among others, to lower total cholesterol levels in the blood.

The FA profiles of chickpea seed oil were also presented by Jukanti et al. [1] in a
review paper. The authors reported the ranges of individual FA contents for oils from
kabuli and desi chickpea seeds presented in the Canadian Grain Commission Report. These
ranges for LA, OA and PA of the kabuli type were: 42.25 - 56.59%, 27.70 - 42.46% and 8.52
- 10.30%, respectively, and for the desi type: 53.10 - 65.25%, 18.44 - 28.5% and 8.56 - 11%.
The FA composition of the tested CPC is therefore more similar to the composition pre-
sented for the kabuli variety.

It is known that edible oils with higher contents of unsaturated fatty acids are more
susceptible to oxidation [13]. Despite the high content of unsaturated fatty acids, CPC fat
retained oxidative stability and was characterized by slight changes in both, the FA profile
and the PDSC oxidation time after 28 days of storage in various conditions, which may be
related to the presence of antioxidants that effectively inhibit the oil oxidation process.

Literature data indicated that chickpea oil is a good source of tocopherols, sterols and
tocotrienols. The a-tocopherol content in chickpea is reported to be relatively higher than
for other pulse. Moreover, coupled with the concentration of 3-tocopherol makes chickpea
oil oxidatively stable and contributes to a better shelf life during storage [1].

4. Conclusions

The fatty acid profile of fat isolated from chickpea protein concentrate is dominated
by unsaturated fatty acids (~85%), with the highest content of oleic (~37%) and linoleic
(~44%) ones. The studies showed only slight changes in the fatty acid composition of the
chickpea protein concentrate fat after storage. Moreover, despite the high content of un-
saturated fatty acids, also, the oxidation time in the PDSC tests changed only slightly,
which proved the oxidative stability of the chickpea protein concentrate fat during 28 days
of storage under various conditions (freezing, cooling, room temperature with and with-
out access to the light).

Author Contributions: Conceptualization, D.M.-].; methodology, D.M.-]. and A.G.; software, D.M.-
J.; validation, D.M.-].; formal analysis, D.M.-]. and A K,; investigation, D.M.-]. and A K,; resources,
D.M.-]J. and A.K,; data curation, D.M.-]. and A.K.; writing—original draft preparation, D.M.-]. and
A K.; writing—review and editing, D.M.-].; visualization, D.M.-].; supervision, D.M.-].; project ad-
ministration, D.M.-J.; funding acquisition, D.M.-J. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

1.  Jukanti, AK,; Gaur, P.M.; Gowda, L.L.C.; Chibbar, R.N. Nutritional quality and health benefits of chickpea (Cicer arietinum L.):
a review. Brit. J. Nutr. 2012, 108, S11-526. http://dx.doi.org/10.1017/S0007114512000797

2. Goldstein, N.; Reifen, R. The potential of legume-derived proteins in the food industry. Grain Oil Sci. Technol. 2022, 5, 167-178,
https://doi.org/10.1016/j.gaost.2022.06.002

3. Karaca, A.C;; Low, N.; Nickerson, M. Emulsifying properties of chickpea, faba bean, lentil and pea proteins produced by isoe-
lectric precipitation and salt extraction. Food Res. Int. 2011, 44, 2742-2750. https://doi.org/10.1016/j.foodres.2011.06.012

4. Johnston, S.P.; Nickerson, M.T.; Low, N.H. The physicochemical properties of legume protein isolates and their ability to stabi-
lize oil-in-water emulsions with and without genipin. |. Food Sci. Technol. 2015, 52, 4135-4145. https://doi.org/10.1007/s13197-

014-1523-3

5. Grasso, N.; Lynch, N.L.; Arendt, E.K.; O'Mahony, J.A. Chickpea protein ingredients: A review of composition, functionality,
and applications. Compr. Rev. Food Sci. Food Saf. 2022, 21, 435-452. https://doi.org/10.1111/1541-4337.12878



Biol. Life Sci. Forum 2023, 3, x 6 of 6

10.

11.

12.

13.

Xing, Q.; Dekker, S.; Kyriakopoulou, K.; Boom, R.M.; Smid, E.J.; Schutyser, M.A.I. Enhanced nutritional value of chickpea pro-
tein concentrate by dry separation and solid state fermentation. Innov. Food Sci. Emerg. Technol. 2020, 59, 102269.
https://doi.org/10.1016/j.ifset.2019.102269.

Wang, D.; Xiao, H.; Lyu, X.; Chen, H.; Wei F. Lipid oxidation in food science and nutritional health: A comprehensive review.
Oil Crop Sci. 2023, 8, 35-44. https://doi.org/10.1016/j.0csci.2023.02.002.

Wasowicz E.; Gramza A.; He$ M.; Jelen H.H.; Korczak ]J.; Malecka M.; Mildner-Szkudlarz S.; Rudzinska M.; Samotyja U.;
Zawirska-Wojtasiak R. Oxidation of lipids in food. Pol. |. Food Nutr. Sci. 2004, 54, 87-100.

Boselli, E.; Velazco, V., Fiorenza Caboni, M.; Lercker, G. Pressurized liquid extraction of lipids for the determination of oxyster-
ols in egg-containing food. |. Chromatogr. A. 2001, 917, 239-244. https://doi.org/10.1016/s0021-9673(01)00688-4

(2001) Polish Norm: PN-EN ISO: 5509:2001: Oil and vegetable and animal fats. preparation of methyl ester of fatty acids. polish
committee for standardization, Warsaw, Poland

Sipeniece, E.; MiSina, I.; Qian, Y.; Grygier, A.; Sobieszczanska, N.; Sahu, P.K.; Rudzinska, M.; Patel, K.S.; Gérnas P. Fatty Acid
Profile and Squalene, Tocopherol, Carotenoid, Sterol Content of Seven Selected Consumed Legumes. Plant Foods Hum. Nutr.
2021, 76, 53-59. https://doi.org/10.1007/s11130-020-00875-3

Marioli Nobile, C.G.; Carreras, J.; Grosso, R.; Inga, M.; Silva, M.; Aguilar, R.; Allende, M.].; Badini, R.; Martinez, M.]. Proximate
composition and seed lipid components of “kabuli”-type chickpea (Cicer arietinum L.) from Argentina. Agric. Sci. 2013, 4, 729-
737. http://dx.doi.org/10.4236/as.2013.412099

Li, H,; Fan, YW,; Li, J.; Tang, L.; Hu, ].N.; Deng, Z.Y. Evaluating and predicting the oxidative stability of vegetable oils with
different fatty acid compositions. J. Food Sci. 2013, 78, H633-H641. https://doi.org/10.1111/1750-3841.12089

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.



