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Changes in chemical composition, nutritional
quality, physico-chemical and functional properties
of peach kernel meal during detoxification
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The detoxification of peach kernel by distilled water decreased total protein,
non-protein nitrogen, total ash, glucose, non-essential amino acids, acidic amino
acids, antinutritional factors (hydrocyanic acid, tannin and phytic acid), Chemi-
cal Score, Mitchel Essential Amino Acid Index, fat absorption, emulsification
capacity, foam capacity and stability. On the other hand, detoxification in-
creased crude fibre, total carbohydrates, non-polar amino acids, polar amino
acids, basic amino acids, sulphur amino acids, aromatic amino acids, essential
amino acids, water absorption and also in-vitro protein digestibility and biologi-
cal values by FAO/WHO, Gaussian Index and Merup Olesen’s Index. However,
detoxification showed no effect on the limiting amino acid which was methion-
ine for both peach meal and detoxified peach meal. Also, both protein meals
were fractionated by gel filtration into three peaks with the same elution vol-
ume, but with different proportions. High-performance liquid chromatography

showed the disappearance of one peak due to detoxification.

INTRODUCTION

Peach fruit (Prunus persica) is the second stone fruit
used in Egypt after apricot fruit. The fruits are used
either fresh or after processing and there is no definite
use for the remaining by-products. The previous report
of Rahma and Abd El-Aal (1988) was focused on the
chemical and functional properties, in-vitro digestibility
and amino acid profile of peach kernel. Therefore, this
study was conducted to continue the work on the
peach kernels. In this investigation, a study has been
carried out on chemical, physico-chemical, nutritional
and functional properties of peach kernel protein
derived from the meal free of amygdalin and hydro-
cyanic acid after detoxification.

MATERIALS AND METHODS
Materials

Peach fruits (Prunus persica) were obtained from the
local market of Shibin El-Kom city, Egypt. The pits
were removed from the fruits by hand, washed with
water and air-dried at room temperature for 3 weeks
before removing the kernels by manual cracking. The
kernels were then ground in a laboratory mill and
stored at 0°C before detoxification treatment.
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Detoxification of peach kernels

The full fat peach kernel grits were soaked in distilled
water (1:10 (w/v) ratio) at 47°C for 30 h. The whole
slurry was filtered and washed twice with 70% ethyl alco-
hol before drying at 50°C overnight in a forced draught
air oven. Lipids were extracted by n-hexane in a Soxhlet
apparatus for 24 h. The defatted meal was air-dried at
room temperature (25°) and ground to pass through a 70
mesh (British Standard Screen) sieve. The undetoxified
kernel meal was prepared by defatting, and used for
comparison and evaluation of the detoxification process.

Analytical methods

Moisture, total protein, non-protein nitrogen, crude
lipid, ash and crude fibre were determined according to
the methods of the AOAC (1980). The reducing sugars
were determined by the method of Dubois et al. (1956)
using glucose as standard.

Amino acid analysis

Meal samples were hydrolysed with 6 N hydrochloric
acid at 110°C for 24 h under vacuum in sealed tubes.
The determination of amino acid composition was
performed on an aminochrome IIOE 914 automatic
amino acid analyser made in Hungary. Tryptophan
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content was determined by the spectrophotometric
method (Bencze & Schmid, 1957).

In-vitro protein digestibility

The in-vitro digestibility index by the trypsin—pancreatin
system was determined according to the procedure of
Salgo et al. (1985). Digestibility by other proteolytic
enzymes in a single system such as trypsin, pepsin and
pancreatin was also performed as described for apricot
kernel protein by Abd El-Aal et al. (1986).

Antinutritional factors

The hydrocyanic acid and tannin contents of peach
meal samples were determined by the method of AOAC
(1980). The method of Wheeler and Ferrel (1971) was
used to estimate the meal phytic acid content.

Biological value

The amino acid composition was used to estimate the
nutritional value of the peach protein samples. The eval-
uated nutritional parameters included Chemical Score
Index (CS), limiting essential amino acids, Mitchel
Essential Amino Acid Index (MEAAI), FAO/WHO Index,
Morup and Olesen’s Index (MOI) and Gaussian Index
(GI). The indices were determined by mathematical for-
mula according to Hidvegi and Bekes (1985).

Absorption spectrum

The ultraviolet (UV) absorption spectrum of the peach
meal proteins in 1 M NaCl solution was recorded at
room temperature (~25°C) in a Beckman-DB-spectro-
photometer in the range of 240-300 nm, and with a
protein solution of approximately 0-1% (w/v).

Gel filtration

Sephadex-G 200, which had been equilibrated with
Tris—-HCI buffer (pH 8-3, 0-1M) containing 2-5% NaCl,
was packed into a glass column (2-:5 cm X 46 cm). The
proteins extracted in the buffer were applied on the
column and allowed to be absorbed, then eluted with
the same buffer. Fractions (4 ml) were collected using
an automatic fraction collector, equipped with a chart
recorder and UV-monitor at 280 nm by L.K.B. 83000
UVICORD.

Size-exclusion HPLC

Proteins were extracted in 0-1 M sodium phosphate
buffer of pH 7-9 containing 0-5 M sodium chloride. The
protein extracts were separated by HPLC (Type Waters)
on Micropack TSK-G 3000SW 300 mm X 7-5 mm
column using 0-2 M NaH, PO, (pH 4) containing 0-2%
SDS as eluent solution. The flow rate was 2 ml/min
with injection volume of 25 ul. The detection was done
at 280 nm.

Functional properties

Water and oil absorption capacities were determined
according to the methods of Sosulski (1962) and Sosul-
ski et al. (1976), respectively. Emulsification capacity
was measured by the method of Yasumatsu er al.
(1972). Refined corn oil was used for oil absorption
and emulsifying capacity studies. Foaming properties
(foam capacity and stability) were measured by the
method of Lawhon ez al. (1972).

RESULTS AND DISCUSSION
Chemical composition

The proximate chemical compositions of peach meal
before and after detoxification are given in Table 1.
The detoxified meal showed higher contents of crude
fibre and total carbohydrates, whereas the original
meal was also higher in total protein, non-protein, total
ash and total soluble sugars. Soaking of peach kernel
grits in water removed some soluble material, particu-
larly simple sugars, minerals and low molecular weight
polypeptides. This leads to the observed increase in the
crude fibre content of the detoxified meal. The reduc-
tion percentages were 9-5, 29-8, 22-1 and 39-4% for
crude protein, non-protein nitrogen, total ash and total
soluble sugars, respectively. Generally, there are similar
observations by El-Adawy (1992) for detoxified apricot
flour.

Amino acids

The amino acid compositions of peach meal and
detoxified peach meal are presented in Table 2. Detoxi-
fied peach meal contained greater amounts of essential,
aromatic, sulphur, basic, polar-uncharged and non-
polar (hydrophobic) amino acids than undetoxified
peach meal. On the other hand, peach meal had higher
values of non-essential and acidic amino acids than
detoxified peach meal. Generally, it can be concluded

Table 1. Proximate chemical composition of peach meal before
and after detoxification (% as dry weight basis)”

Constituent (%) Treatments
Peach meal Detoxified
peach meal
Crude protein (Nx 6.25) 535+18 48-4 + 1-45
Non-protein nitrogen 1-64 £0-17 1-15%£0-15
Crude lipids 1:30+0-11 121 £0-12
Total ash 560+015 4361016
Crude fibre 580051 814+090
Reducing sugars (as glucose) 860+041 521%031
Total carbohydrates
(excluding glucose) 252 %21 32.7+£240

Moisture content values were 8-22 1 0-30% and 101 £ 0-40%
for peach meal and detoxified peach meal, respectively.
“Average of triplicate determinations.
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Table 2. Amino acid compositions of peach meals before and
after detoxification (g/100 g protein)

Amino acid Treatments
Peach Detoxified
meal  peach meal

Aspartic acid 12-5 117

Threonine” 2-50 2:51

Serine 4.67 4-29

Glutamic acid 24-5 223

Proline 4-47 4.20

Glycine 645 5-60

Alanine 442 4-39

Cystine” 1-87 1-86

Valine* 3-88 416

Methionine?® 0-47 097

Isoleucine” 2-31 2-11

Leucine?® 596 6-60

Tyrosine® 2-89 375

Phenylalanine® 3-86 4-63

Lysine* 2-43 2-97

Histidine 3-53 283

Tryptophan® 0-52 0-47

Arginine 12-7 14-7

Classified distribution of amino acids:

Essential amino acids 267 300

Non-essential amino acids 733 70-0

Hydrophobic (non-polar) amino acids 25-9 27-5

Hydrophilic (polar) amino acids 119 12-4

Basic amino acids 18-7 205

Acidic amino acids 370 340

Aromatic amino acids 675 8-38

Sulphur amino acids 234 2-83

“Essential amino acids according to FAO/WHO (1975).

that the detoxification treatment improved the amino
acid profile, especially essential amino acids. This could
be due to leaching out and removal of free amino acids
and proteins containing non-essential amino acids such
as glutamic acid and aspartic acid.

Antinutritional factors
Table 3 gives the changes in some antinutritional fac-
tors such as phytic acid, hydrocyanic acid, tannin and

amygdalin during water detoxification. Detoxification

Table 3. Contents of antinutritional factors in peach meal
before and after detoxification”

Antinutritional compound Treatments

Peach  Detoxified
meal peach meal

Phytic acid (mg/100 g sample) 16-0 9-83
% Reduction — 386
Hydrocyanic acid (mg/100 g sample) 183 0-09
% Reduction — 100
Tannin (mg/100 g sample) 163 81-1
% Reduction — 50-3
Amygdalin (mg/100 g sample) 3097 1-50
% Reduction — 100

treatment caused marked reduction in antinutritional
factors of peach kernel meal. The reduction rates in hy-
drocyanic acid and amygdalin were more than 99%. On
the other hand, tannin removal was 50-3% and phytic
acid reduction was 38:6%. These results are in good
agreement with those reported by Cruess (1958),
Khairy et al. (1975), Abd El-Aal et al. (1986) and El-
Adawy (1992) for hydrocyanic acid and amygdalin of
apricot kernels. El-Adawy (1992) found some reduction
in tannins and phytic acid contents during water
detoxification of apricot kernels.

In vitro protein digestibility

The in-vitro digestibility by several enzyme systems of
undetoxified and detoxified peach meal are shown in
Table 4. The results show that the digestibility was im-
proved due to detoxification. The rates of increase in
digestibility after detoxification were 7-1% for trypsin—
pancreatin, 8-2% for pancreatin, 12-0% for trypsin and
11-7% for pepsin. The increase in trypsin digestibility
for detoxified meal could be due to the decrease or de-
struction of trypsin inhibitor content during detoxifica-
tion. Also, trypsin—pancreatin digestibility was the
highest, followed by pancreatin, pepsin and trypsin, re-
spectively. Similar digestibility trends were reported by
Abd El-Aal er al. (1986) and El-Adawy (1992) for apri-
cot flour and Rahma and Abd El-Aal (1988) for peach
flour. Generally, the observed improvement in
digestibility by these enzyme systems could be due to
removal of antinutritional factors especially tannins
and some enzyme inhibitors during soaking; also the
temperature of soaking (47°C) enhanced the protein
digestibility.

Biological value

Table 5 illustrates the biological value of raw and
detoxified peach meals. Peach meal had higher values
for CS and MEAAI than did detoxified peach meal.
On the other hand, detoxified peach meal had higher
values for FAO/WHO Index, MOI and GI than did
peach meal. The first limiting amino acid was methion-
ine for both meals. The increase in the biological value
after detoxification was due to the increase in the essen-
tial amino acid levels compared to untreated peach
meal.

Table 4. In-vitro protein digestibility of peach meal before and
after detoxification”

Enzyme system Treatments
Peach meal Detoxified
peach meal
Trypsin—pancreatin 832+ 190 89-6 + 1-80
Pancreatin 759+ 120 827+ 126
Trypsin 6621210 753+230
Pepsin 71-4 +1-80 809 + 196

“Average of two determinations.

“Average of three determinations.
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Table 5. Biological values of peach meals before and after

detoxification
Evaluation method Treatments
Peach Detoxified
meal  peach meal
Chemical Score (CS) % 23.7 11-5
Mitchel Essential Amino Acid Index 51-2 479
(MEAAID)%
FAO/WHO Index % 34.8 433
Morup and Olesen’s Index (MOI) 57-6 84.0
Gaussian Index (GI) 517 92-1

Limiting amino acid Methionine Methionine

Ultraviolet absorption spectrum

The ultraviolet absorption spectrum of peach meal and
detoxified peach meal in 1 M NaCl solution is given in
Fig. 1. Both meals gave a typical protein spectrum with
a maximum absorption at 280 nm and minimum at 260
nm. Also, both meal proteins gave a broad peak at the
maximum and minimum absorption wavelengths. The
ratios of absorbance at the maximum to that at the mini-
mum were 1-11 and 1-16 before and after detoxification
treatment, respectively. Layne (1957) has reported that
proteins not conjugated with nucleic acid and other
UV-absorbing impurities give a ratio of 1-5. From this
criterion, both meal proteins were contaminated and
associated with nucleic acid and other UV-absorbing
impurities. The nucleic proteins were calculated from
conversion tables (Chaykin 1966), and found to be 2-35
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Fig.1. Ultraviolet absorption spectrum of peach meal and
detoxified peach meal.
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Fig. 2. Protein fractionation by high-performance liquid chroma-
tography of peach meal and detoxified peach meal.

and 2-00% for peach and detoxified peach meals,
respectively.

Size-exclusion HPLC

The fraction numbers and molecular weights of
undetoxified and detoxified peach meal proteins, as re-
vealed by high-peformance liquid chromatography, are
shown in Fig. 2. The following points were deduced:

(1) The number of fractions for undetoxified and
detoxified peach meals were 5 and 4 peaks,
respectively. Peak number 1 for both meals was
beyond 321 s of elution time and are non-pro-
teinaceous substances that elute from the column
beyond the exclusion limit.

(2) Peak 5 with a molecular weight of 910 kilodal-
tons disappeared due to detoxification. This may
be due to the dissociation of high molecular
weight protein during detoxification.

(3) The size-exclusion chromatographic patterns clearly
indicate that both meal proteins had the major
peptide peak corresponding to molecular weights of
228 and 210 kilodaltons for undetoxified and detoxi-
fied peach meals, respectively (peak 4). There were
two minor peptide peaks corresponding to 11 (peak
3) and 0-9 kilodaltons (peak 2) for both meals.

Gel filtration

The gel filtration patterns of peach meal proteins and
detoxified peach meal proteins are shown in Fig. 3.
Both meal proteins fractionated into three peaks, with
the same elution volumes; the peaks were eluted at 49,
108 and 121-4 ml, respectively. The v/v, values of the
three peaks were 1, 2:2 and 2-48. The differences in the
relative proportions of high molecular weight proteins
(peak 1) were quite minor, but the detoxification pro-
cess reduced the concentrations of peaks 2 and 3 (low
molecular weight and water-soluble proteins). Possibly,
this is due to the removal of low molecular weight pro-
teins during detoxification by distilled water.
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Fig. 3. Gel filtration pattern of peach meal and detoxified
peach meal.

Functional properties

The functional properties of peach meal and detoxified
peach meal are given in Table 6. Water absorption of
detoxified peach meal was higher than for peach meal;
this may be attributed to the ability of detoxification to
dissociate or alter the protein molecules to monomeric
subunits which may have more water-binding sites (Lin
et al., 1974). On the other hand, detoxification caused a
decrease in fat absorption; this decrease could be due
to one of the following: (a) binding of tannin residues
to e-amino groups of lysine; (b) removal of materials
such as simple sugars which are oil-binding sites; or (¢)
alteration of the proteins by the treatment, which
changed their conformational structure so as to bury a
greater number of oil-binding sites. Emulsification ca-
pacity and foam capacity of the peach meal were high
compared with those of the detoxified peach meal. The
higher values for the peach meal may be due to the
high protein solubility of peach meal. Kinsella (1976)

Table 6. Functional properties of peach meal before and after
detoxification”

Functional properties Treatments

Peach meal Detoxified
peach meal

Water absorption
(g H,0/100 g sample)
Fat absorption capacity
(ml oil/g sample)
Emulsification capacity

160 £ 190 275+ 1-60

228 £2-60 167 +£3:10

(ml oil/g sample) 64+120 58+310
Foam capacity (% volume increase) 26 £ 2.3 18+19
Foam stability (ml) at:

0-0 min 14+220 7+1-20

15 min 14190 6+130

45 min 13+120 4+1-10

60 min 12-5+1-:20 3 +0-80

?Average of three determinations.

reported that emulsification capacity depended upon
the amount of soluble protein in solution. In general,
foam stability tended to decrease with time at room
temperature, which may be due to collapsing and
bursting of the formed air bubbles (Kinsella, 1976).
The detoxified sample exhibited the lowest foam stabil-
ity. This could be due to alteration of configurational
structure in protein molecules during detoxification.

In general, detoxified peach kernel meal appeared to
be a good source of protein for food products. How-
ever, the present results are based on processing a
single sample. Studies on a broader range of meals are
required to confirm these findings.
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