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Homogenate extraction technology was applied to extract polysaccharides from pine nut (Pinus koraiensis) meal, a food waste
from its oil processing. The first objective was to study the effects of liquid-solid ratio, homogenate extraction time, and
temperature on the yield of pine nut meal polysaccharides (PNMP) using single-factor and Box-Behnken design. The optimal
processing conditions were liquid-solid ratio of 43.23 mL/g at 35°C for 2min 50sec that produced PNMP yield of 11.7%.
Extraction factors interacted with each other significantly (p < 0.01). The second objective was to compare the homogenate extract
with those produced using other methods including ultrasonic, microwave, and hot water extraction. Polysaccharides were
separated using HPLC based on molecular weight (MW) and characterized with the polysaccharide and protein contents of each
fraction. The homogenate PNMP had the most of small size (<100 kDa) polysaccharides, and its glycoprotein fractions generally
contained higher level of protein, as well as a high ABTS™ scavenging activity observed by HPLC-UV-ABTS" assay. FTIR analysis
was used to characterize the functional groups. Homogenate extraction is superior in producing PNMP compared with other

common methods, and its PNMP extract has potential antioxidant benefit.

1. Introduction

Pinus koraiensis is a plant distributed in eastern Asia such as
Korea and China; the produced pine nut, a major commercial
nut products, is rich in nutrients including oils, fatty acids,
proteins, polysaccharides, vitamins, and minerals with vari-
ous beneficial effects [1-3]. Most research on pine nut aim to
discover its oils, and thus the defatted pine nut meal (PNM)
has been commonly considered as a by-product or agri-food
waste from pine nut oil production. To add edible value into
PNM, there have been a few research studies on the devel-
opment of proteins and peptides from PNM, including novel
peptides identified from PNM with antioxidant capacity and
immunity enhancement ability [4, 5]. Plant polysaccharides
and oligosaccharides are natural constituents that can benefit

human health in terms of antioxidant ability, anti-inflam-
mation, immune-regulation, and hyperglycemia management
[6, 7]. Thus, PNM is used in this study to develop a new
strategy for high value utilization of PNM.

Polysaccharides is a major component in pine nut.
Recently, a polysaccharide complex with molecular weight
(MW) of 23kDa containing carbohydrate, protein, and
uronic acid, was separated from pine nut; its hep-
atoprotective effects against a few types of liver injury were
also investigated in vitro [8]. Another 20.6kDa polysac-
charides composed of arabinose, rhamnose, and glucose
were purified from pine nut with various health benefits [9].
However, there have been little studies reported on pro-
ducing crude polysaccharides from pine nut meal by dif-
ferent extraction methods.


mailto:baoyihong@163.com
https://orcid.org/0000-0001-7398-7959
https://orcid.org/0000-0002-4227-0784
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2020/7918703

Commonly used extraction methods have many limi-
tations in food industry, such as low yield, flavor and nu-
trients loss, energy consumption, and low efficiency.
Homogenate extraction is to extract constituents from food
materials in liquid via a combination of high-speed me-
chanical shearing, mixing, cutting, and smashing [10].
Homogenate extraction method can be applied at low
temperatures for a short time when it is compared with other
extraction methods; so, it is excellent in food industry to
improve food quality, processing efficiency, consumption
cost, and manufacturing operation. There have been several
studies on the utilization of homogenate extraction for
extracting bioactive food compounds such as alkaloids,
pigments, and polysaccharides [10-13]. However, there is no
report on polysaccharides extracted from pine nut meal
using homogenate extraction method. Thus, one of the
objectives in this study is to investigate the effects of ho-
mogenate extraction conditions such as liquid-solid ratio,
extraction time, and temperature on the yield of pine nut
meal polysaccharides (PNMP), followed by optimization
study using response surface methodology (RSM).

The bioactivity of polysaccharides depend on several
factors such as molecular weight, structure, protein level,
type of linking, and sulfation degree [14]. In this study,
chemical properties were determined including the total
polysaccharide content, total protein content, and molecular
weight of each polysaccharide fraction, in comparison with
the bioactivity of PNMP extracts produced by other com-
monly-used extraction methods, that is, hot water extrac-
tion, microwave extraction, and ultrasonic extraction. Free
radical ABTS" was used in a HPLC-UV-ABTS" assay system
to characterize the potentials of PNMP extracts acting as
natural antioxidants.

2. Materials and Methods

2.1. Pretreatment of Pine Nut Meal. Pine (Pinus koraiensis)
nut meal was obtained from Hongtai pinecone Co., Ltd.
(Heilongjiang, China). To get refined and defatted pine nut
powder, the pine nut meal was degreased with petroleum
ether, dried at 50°C, and subsequently sieved through 60-
mesh screen.

2.2. Chemicals. Ethanol (food grade) was purchased from
GuangFu Group Co., Ltd. (China). All other chemicals and
reagents used were of analytical grade. NaCl, KCI, Na,HPO,,
NaH,PO,, KH,PO,, MnO,, KBr, H,SO,, and ABTS (2,2’
Azino-bis-(3-ethylbenzthiazoline-6-sulphonate) were pur-
chased from sinopharm Chemical reagent Co., Ltd.
(Shanghai, China). HPLC grade water was obtained from a
MilliQ water purification system (Millipore, Bedford, New
Hampshire, USA).

2.3. Extraction of Pine Nut Meal Polysaccharides (PNMP)

Using Different Methods

2.3.1. Ultrasonic Extraction. The pretreated pine nut powder
(2.5g) was soaked with distilled H,O (100 mL) in a 250 mL
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flat bottom flask placed in the ultrasonic extraction device
(XH-2008D, Beijing Xianghu Science and Technology Co.,
Ltd., Beijing, China) with power of 800 w at 90°C for 30 min
and a sequential extraction conducted at the same condition.
After extraction, the mixture was centrifuged at 3000g for
10 min, and the supernatant was collected. The supernatant
was first concentrated using rotary evaporation at 50°C and
then precipitated by adding dehydrated ethanol to a final
concentration of 80% (v/v) and placed at 4°C for 24 h. The
mixture was centrifuged at 3000g for 20min, and the
sediment was collected and freeze-dried as crude PNMP
powder. The crude PNMP yield (%) was calculated using the
following equation:

polysaccharides yield (%)
_ weight of extracted polysaccharides (g) (1)

= 100.
weight of pine nut meal (g) x

2.3.2. Microwave Extraction. The pretreated pine nut
powder (2.5 g) was soaked with distilled H,O (100 mL) in a
250 mL flat bottom flask placed in the microwave extraction
device (XH-100A, Beijing Xianghu Science and Technology
Co., Ltd., Beijing, China) with power of 800 w at 90°C for
3min and a sequential extraction conducted at the same
condition. The process after extraction was the same as
Section 2.3.1.

2.3.3. Hot Water Extraction. The pretreated pine nut
powder (2.5 g) was soaked with distilled H,O (100 mL) in a
250 mL flat bottom flask placed in the water bath at 90°C for
60 min and a sequential extraction conducted at the same
condition. The process after extraction was the same as
Section2.3.1.

2.3.4. Homogenate Extraction. The pretreated pine nut
powder (2.5 g) was soaked with distilled H,O (100 mL) in a
200 mL extraction tank using high-speed homogenizer
(Supplementary Figure 1; T18, IKA Co., Ltd., Guangzhou,
China) with 20,000 rpm at 30°C for 2 min. The process after
extraction was the same as Section 2.3.1.

2.4. Response Surface Methodology (RSM) and Design. A
three-factor Box-Behnken design (BBD) at three levels (-1,
0, +1) was carried out to study the homogenate extraction
of PNMP. Based on the results of single-factor experiment,
the levels of three factors were selected, that is, liquid-solid
ratio (X;, mL/g), extraction time (X,, min), and extraction
temperature (X3, °C), and the response was PNMP yield
(%). The BBD design consisted of 17 experimental runs
including 5 center points and 12 factorial points, as shown
in Table 1.

2.5. Determination of Total Polysaccharides and Protein.
The total polysaccharides content of PNMP was determined
by the phenol-sulfuric acid method using p-glucose as the
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TaBLE 1: The experimental data for the PNMP yield by homogenate extraction method using BBD design.

Independent variables

No.  X;: liquid-solid ratio X,: extraction time  Xj: extraction temperature Y: actual PNMP yield Y: predicted PNMP yield
(mL/g) (min) Q) (%) (%)
1 ~1 (30) -1(2) 0 (35) 9.6 9.7
2 0 (40) 0 (3) 0 (35) 11.8 11.8
3 1 (50) 0 (3) -1 (30) 10.4 10.6
4 0 (40) 0 (3) 0 (35) 11.9 11.8
5 1 (50) -1(2) 0 (35) 11.3 11.1
6 -1 (30) 0 (3) 1 (40) 10.0 9.8
7 0 (40) -1(2) -1 (30) 9.4 9.4
8 0 (40) 0 (3) 0 (35) 11.8 11.8
9 0 (40) 1(4) -1 (30) 10.0 9.9
10 1 (50) 1(4) 0 (35) 10.1 10.0
11 -1 (30) 1(4) 0 (35) 9.9 10.1
12 1 (50) 0 (3) 1 (40) 9.7 9.8
13 0 (40) 0 (3) 0 (35) 11.6 11.8
14 0 (40) 0 (3) 0 (35) 11.7 11.8
15 -1 (30) 0 (3) -1 (30) 9.3 9.2
16 0 (40) 1(4) 1 (40) 9.0 9.0
17 0 (40) ~1(2) 1 (40) 10.1 10.2

standard [15]. The protein content of PNMP was measured
following the Bradford method using bovine serum albumin
as the standard [16].

2.6. HPLC Analysis. A size exclusion chromatography
analysis was performed on an Agilent 1100 Series HPLC
System (Agilent Technologies, Pittsburg, USA) with
G2000PW column (7.5x300mm, 5um sized particles)
(Tosoh Corporation, Tokyo, Japan). 0.1 M phosphate buffer
(pH 6.8) was used mobile phase. The UV detector at 280 nm
and the RI detector are used in series. The column and
refractive index (RI) detector temperature were at 35°C.
Flow rate was 1 mL/min. The injection volume was 100 uL
(1 mg/mL).

2.7. Online HPLC-UV-ABTS" Radical Scavenging Activity
Analysis. The online HPLC-UV-ABTS" radical scavenging
assay was based on HPLC and HPLC postcolumn analyses
[17, 18]. Briefly, the ABTS" solution was prepared by adding
2g MnO, to 1L 0.02mM ABTS" in PBS buffer (pH 74,
containing 8 g NaCl, 1.4 g Na,HPO,, 0.15g KCl, and 0.27 g
KH,PO,). The solution was gently stirred for 10 min at room
temperature and filtered (0.2 ym, 33 mm, Nylon, PALL). The
method of HPLC separation with UV detection was the same
as Section 2.6. For the HPLC postcolumn analyses with a
2487 UV detector (Waters Corporation, Milford, MA, USA)
to analyze online oxidation, the ABTS" solution was added
at a flow rate of 0.8 mL/min, and the detection was per-
formed at 414 nm.

2.8. FTIR (Fourier Transform Infrared) Spectroscopic Analysis.
FTIR spectroscopic measurements were conducted using a
FTIR spectrometer (IRAffinity-1, Shimadzu Inc., Japan)
according to the KBr pressed disc method. The spectrum was

obtained between the wave number range of 4000-400 cm ™"

with a resolution of 1cm™.

2.9. Statistical Analyses. All the experiments were performed
with triplicates, and data was analyzed using the general
linear model’s procedure for variance (ANOVA) of the
Statistix software 8.1 (Analytical Software, Tallahassee, FL,
USA). LSD all-pairwise multiple comparisons was per-
formed to identify significant differences (p < 0.05) between
individual means. The RSM data was analyzed using the
Design-Expert software (version 8.0 trial, Stat-Ease, Inc.,
Minneapolis, USA).

3. Results and Discussion

3.1. Single Factor Experiments on the Homogenate Extraction
of PNMP. To study the polysaccharide yield (%) of the
PNMP extracts produced using homogenate extraction
method, the effects of liquid-solid ratio (mL/g), extraction
time (min) and extraction temperature (°C) were investi-
gated at first, as shown in Figure 1.

Regarding the effect of liquid-solid ratio, homogenate
extraction was performed at liquid-solid ratio of 10, 20, 30,
40, 50, and 60 mL/g, respectively, at extraction temperature
of 20°C for 2 min with shear speed of 20,000 rpm. As shown
in Figure 1(a), the polysaccharide yield increased signifi-
cantly when the liquid-solid ration increased from 10 to
40mL/g (p<0.05) and obtained the maximum value of
10.40% at 60 mL/g. It can be explained that a liquid-solid
ratio >40 mL/g favored the diffusion of extraction liquid into
the pine nut meal powder cells for a better dissolution of
polysaccharides [19]. Previous reports showed similar trend
that the polysaccharides from extracts eventually showed a
stable level up to a certain level of liquid-solid ratio [20, 21].
Thus, liquid-solid ratio of 30, 40, and 50 mL/g was used for
the subsequent RSM experiment.
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F1GURE 1: The effects of (a) liquid-solid ratio (mL/g), (b) extraction time (min), and (c) extraction temperature (°C) on the polysaccharide
yield in the PNMP extracts using homogenate extraction method. The different letters (A, B, C, and D) in each graph indicate significant

difference (p <0.05).

TaBLE 2: Statistical summary of the surface response analysis.

Source Sum of squares Mean square F value p value
Model 14.8 1.64 52.78 <0.0001**
X, 0.81 0.81 25.88 0.0014**
X, 0.21 0.21 6.88 0.0342*
X3 0.011 0.011 0.34 0.5796
X% 1.53 1.53 49.00 0.0002**
X% 2.9 2.9 93.02 <0.0001**
X% 6.42 6.42 205.98 <0.0001**
X1 X5 0.53 0.53 17.10 0.0044**
X1 X5 0.53 0.53 17.10 0.0044**
X,X3 0.73 0.73 23.46 0.0019**
Residual 0.22 0.031

Lack of fit 0.16 0.054 3.74 0.1173
Pure error 0.057 0.014

R? 0.9855

R*-adj 0.9668

C.V.(%) 1.69

Note. X; is liquid-solid ratio, X, is extraction temperature, and X; is and
extraction time. *Significant coefficient (p <0.05). **High significant co-
efficient (p <0.01).

Regarding the effect of extraction time, homogenate ex-
traction was performed for 1, 2, 3, 4, and 5 min, respectively,
at liquid-solid ratio of 40 mL/g and 20°C with shear speed of
20,000 rpm. As shown in Figure 1(b), there was a dramatically
improvement in the polysaccharides yield when extraction
time increased from 1 to 2 min (p < 0.05) and became stable
after 3 min (p > 0.05). Thus, extraction time of 2, 3, and 4 min
was chosen for the subsequent RSM experiment.

Regarding the effect of extraction temperature, homog-
enate extraction was performed at 20, 25, 30, 35, 40, 45, and
50°C, respectively, at liquid-solid ratio of 40 mL/g for 2 min
with shear speed of 20,000 rpm. The polysaccharide yields of
PNMP gradually enhanced with increasing of temperature
from 20 to 35°C (p < 0.05), as shown in Figure 1(c). The yields
were stable at 11% when extraction temperature was above
35°C (p>0.05). Thus, extraction temperature of 30, 35, and
40°C was selected for the subsequent RSM experiment.

3.2. The RSM Model of PNMP Yield by Homogenate
Extraction. The PNMP yields of the extracts produced by
homogenate extraction method under various conditions

designed by BBD are presented in Table 1. The difference in
the response value indicated that homogenate extraction
factors including liquid-solid ratio (X;, mL/g), extraction
time (X,, min), and extraction temperature (X3, "C) influ-
enced the PNMP yield.

Response surface analysis data for the response in Table 2
shows that the quadratic (second-order) polynomial model
was significant (p value <0.0001, F value=52.78). For the
fitted model, as shown in equation (2), the p values <0.01**
indicated that the linear effect X;, quadratic effects
X2, X3, X2, and interaction terms X, X,, X, X, X,X; were
highly significant, and the linear effect X, (p value <0.05*)
was significant. X; with p value of 0.5796 suggested that the
extraction time was not a significant effect. The lack of fit
(p =0.1173) was not significant indicating that the model
fitted the experimental data well. R* and adjusted R> were
0.9855 and 0.9668, respectively, which is desirable.

Y = 11.68 + 0.32X, — 0.16X, — 0.036X; — 0.36X, X,
- 0.36X,X; - 0.43X,X; - 0.6X; - 0.83X5 — 1.23X3.
(2)

3.3. The Effects of Homogenate Extraction Conditions on
PNMP Yield. The contour plots of the model in Figure 2
show the interaction relationship of the studied extraction
factors as a function of PNMP yield. All three contour plots
are elliptical in shape, suggesting strong interactions be-
tween two extractions factors [22] that could also be indi-
cated from Table 2. It can be seen that the effect of liquid-
solid ratio (X;) has the densest contour lines along its ho-
mologous axis, followed by effect of extraction time (X,),
implying that X; and X, were the two factors that would
mostly influence the PNMP yield, which could also be
suggested from data in Table 2. As shown in Figure 2(a), an
increase of liquid-solid ratio (X;, from 30 to 45mL/g)
combined with an increase of extraction time (X5, from 2 to
3 min) caused an increase in PNMP yield. Generally, higher
volume of extraction liquid combined with higher tem-
perature to extract polysaccharides favors an easier dis-
solving and faster diffusion of compounds from pine nut
meat powder. However, there might be loss and damage of
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(c) PNMP vyield (%) using homogenate extraction method as a function of extraction time (X,) and extraction temperature (X3).

extracted polysaccharides if the liquid volume and tem-
perature were too high. Figure 2(b) showed the effect of
liquid-solid ratio (X;) and extraction temperature (X3) on
the PNMP yield. The highest PNMP yield was observed at
liquid-solid ratio of 43 mL/g at 35°C. Figure 2(c) showed the
effect of extraction time (X,) and extraction temperature
(X3) on the PNMP yield. Excessive high temperature above
35°C and longtime above 3 min negatively influenced the
PNMP vyield, which might be due to the degradation of
polysaccharides.

3.4. Optimum Conditions and Validation. The optimum
conditions predicted for the polysaccharides extraction from
pine nut meal were as follows: liquid-solid ratio of 43.23 mL/
g at extraction temperature of 35°C for an extraction time of
2min 50sec. The maximum predicted PNMP yield was
11.75% under the optimal conditions. To validate the pre-
diction, PNMP was extracted using the above conditions and
the experimental result was 11.68+0.14%, showing no
significant difference from the predicted value (p>0.05).
The optimized PNMP was used for subsequent analysis to
compare the homogenate extraction method with other
commonly used extraction methods.

3.5. Comparision of Homogenate Extraction Method with
Others. To compare the efficacy of novel homogenate ex-
traction method with other commonly used extraction
methods such as ultrasonic extraction, microwave extrac-
tion, and hot water extraction, several assays were conducted
on their polysaccharide extracts using methods described in
Subsections 2.5-2.8. The PNMP were produced by other
methods as indicated in Sections 2.3.1-2.3.3. The PNMP
produced using homogenate extraction method was based
on optimum conditions in Subsection 3.4.

3.5.1. Polysaccharides Yield and Total Polysaccharides and
Protein Contents. Table 3 shows the polysaccharides yield
(%), total polysaccharides content (%), and total protein
content of the PNMP extract produced using various
methods. The polysaccharides yield from homogenate ex-
traction method was 11.7 £0.1%, significantly higher than
other methods (p < 0.05). Similarly, homogenate extraction
method produced the highest total polysaccharides content
(43.6+2.1%) and the lowest total protein content
(41.7 £ 1.2%) of PNMP extract, but it was not significantly
different from ultrasonic extraction method with corre-
sponding values of 42.9 + 1.8% and 40.5 + 1.1%, respectively
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TaBLE 3: The polysaccharides yield, total polysaccharides, and protein contents of the PNMP extract produced by three convention methods

and optimized homogenate extraction method.

Ultrasonic extraction

Microwave extraction

Hot water extraction = Homogenate extraction

Polysaccharides yield (%) 10.6+0.2°
Total polysaccharides content (%) 429+1.8°
Total protein content (%) 405+ 1.1°

7.7 +0.2° 6.9+0.14 11.7 +0.1°
387+1.1° 32.7+1.2° 43.6+2.1°
459+ 1.6 44.8+2.0 41.7+12°

Note. Different letters in the same row indicate significant difference (p <0.05).

(p>0.05). However, in terms of processing efficiency, ho-
mogenate extraction conducted for 6 min was much shorter
than the ultrasonic extraction for 60 min. The above results
show that homogenate extraction method is superior to
other extraction methods to produce high-level polysac-
charides in the extracts. Based on it, a combined method
using ultrasonic and homogenate could be investigated on
the PNMP extraction in the future.

3.5.2. HPLC Analyses. 'The size exclusion chromatographic
analyses on a HPLC system equipped with RI and UV
280 nm detection for polysaccharides and protein in PNMP
extracts, shown as blue and black dashed lines, respectively,
were shown in Figure 3. A previous study has discussed that
the soluble polysaccharide-protein complex possibly existed
and was responsible for the high stability and emulsifying
activity of glutelin in pine nut [23]. The peaks appearing in
the elution profile from HPLC analyses suggest that the
PNMP extract consisted of glycoproteins. It can be seen that
there were three major peaks presented at 5-7 min,
9-10min, and 11-12min during the elution for extracts
produced by all the four extraction methods; however, the
numbers of peaks and the area of each peak varied among
them, which suggested that different extraction method
contributed to difference in polysaccharides/glycoprotein
components as well as the amount of each component in
PNMP extract. In general, the overall peaks patterns seemed
to be similar for microwaves and hot water extraction
methods (Figures 3(b) and 3(c)). PNMP extract from ul-
trasonic method had more peaks especially in fractions
eluted after 12min (Figure 3(a)). Homogenate extraction
method generated larger peaks (Figure 3(d)) compared with
other methods at 10 min.

Each of the peak fractions was collected and measured
using phenol-sulfuric acid method and Bradford method
described in Section 2.5 to determine the total polysac-
charide and protein contents, shown as blue and black
columns, respectively, in the bar graph below each elution
profile in Figure 3. Microwave extraction method and hot
water extraction methods led to low content of polysac-
charide/protein in the PNMP extracts (Figures 3(b) and
3(c)), especially the hot water extraction, which had the
worst effect in producing PNMP enriched product. Gen-
erally, ultrasonic extraction method could generate
glycoprotein fractions containing higher portion of poly-
saccharides (Figure 3(a)); in contrast, homogenate extrac-
tion method produced fractions with higher amount of
protein (Figure 3(d)). For example, the fraction eluted at
8-9min from ultrasonic extract contained 35pug/mL

polysaccharides and 17 yg/mL protein (Figure 3(a)), but the
corresponding elution fraction from homogenate extract
contained 15 yg/mL polysaccharides and 36 yg/mL protein
(Figure 2). The reason could be that the long-time high-
temperature ultrasonic treatment enhanced the hydrolysis
and degradation of the biopolymers [24, 25] in the PNMP
extracts to a larger extent than homogenate extraction
treatment.

Based on the peaks detected using RI detector and the
standard curve, the exact molecular weight (MW) of each
peak was determined. Figure 4 shows the MW distribution
of polysaccharides in the PNMP extracts produced by
various extraction methods. Homogenate extraction method
produced the highest percentage of low MW polysaccharides
component, that is, >90% of polysaccharides with
MW < 100kDa. It could be caused by the no thermal po-
lymerization on the PNMP caused by homogenate treat-
ment. Moreover, homogenate extraction produced the most
of medium MW polysaccharides (20-100 kDa) but the least
of low MW polysaccharides (<20kDa). A similar MW
distribution pattern was found for the PNMP extract from
ultrasonic method.

3.5.3. HPLC-UV-ABTS* Analyses. An online
HPLC-UV-ABTS" system was used, which was detected at
UV 414 nm, shown as the red dashed lines in Figure 3, and
the corresponding ABTS" scavenging activity of each peak
was presented as red columns in the bar graph below each
elution profile. Online HPLC-UV-ABTS" based assay is
sensitive and relatively simple [17] and has been success-
fully used in the rapid detection of antioxidants such as
flavonoids in azalea flowers [26] and phenolic antioxidants
in Salsola komarovii [27]. Regarding the UV 414 nm plots
in Figure 3, the larger the negative peak area, the higher th
antioxidant activity of the eluted components. In this case,
the peak eluted at 6-7 min had the highest ABTS" scav-
enging activity for ultrasonic, microwave, and hot water
extracts (Figures 3(a)-3(c)); however, there was another
peak found with higher antioxidant activity for homoge-
nate extract (Figure 3(d)). Thus, the homogenate extraction
method produced the most antioxidant PNMP extract,
especially the eluted peaks at ~9min and ~10min with
ABTS™ scavenging activity of 18% and 32%, respectively,
while the conventional hot water extraction produced the
least. By combining with the HPLC assay and Figure 4, it
can be verified that the large amount of medium MW
polysaccharides and glycoprotein components in the
PNMP extract produced by homogenate extraction was
responsible for its high antioxidant activity.
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(d)

ultrasonic extraction, (b) microwave extraction, (c) hot water extraction, and (d) homogenate extraction.
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FIGURE 4: The molecular weight range of the polysaccharides in
PNMP extracts produced by three other extraction methods and
homogenate extraction method.
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FiGgure 5: The FTIR spectra of PNMP extracts from (a) ultrasonic
extraction method, (b) microwave extraction method, (c) hot water
extraction method, and (d) homogenate extraction method.

3.5.4. FTIR Analyses. Figure 5 is the FTIR spectra of the
PNMP extracts using various extraction methods. As re-
ported previously, the wide absorption bands at 3430 cm™
resulted from the hydroxyl stretching vibrations of the
polysaccharides or the possibly existing bound water in the
PNMP extracts, and the weak absorption bands at 2935 cm™"
were originated from C-H stretching of methyl group. The
intense peaks at approximately 1625 cm™" were attributed to
C=0 asymmetric stretching vibration in a carbonyl group or
the possibly existing bound water in the PNMP extracts, and
the absorbance at 1430 cm™' was associated with the C-H
bending or stretching frequencies [28, 29]. Similar FTIR
spectra were found for polysaccharides from pine cones [30].
The shape of the amide I band located at 1600-1700 cm™" is
used to determine the secondary structure of protein
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[31, 32], which could also be observed in Figure 5. The four
spectra were in similar shape, which suggested all the ex-
tracts contained similar components, that is, polysaccha-
rides/protein or glycoprotein.

4. Conclusions

Homogenate extraction technology is revealed to be an
efficient, simple, and fast processing method to produce
polysaccharides extract from pine nut meal. This present
study provides a suitable approach to add value to the
underutilized food waste-pine nut meal. Optimization study
suggested the optimal conditions to obtain the maximum
polysaccharide yield. For homogenate extraction, the rela-
tively low temperature and short extraction time probably
contributed to the good quality of the extracted polysac-
charides, in terms of the protein content, molecular weight
distribution of polysaccharides, and free radical scavenging
activity. In comparison with other commonly used extrac-
tion methods such as ultrasonic, microwave, and hot water,
homogenate extraction is superior. The polysaccharides
extracted from pine nut meal showed potential health
beneficial effects.
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