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A B S T R A C T   

Oligosaccharides are known for several bioactivities on health, however, in sensitive individuals, can cause in
testinal discomfort. This study aimed to investigate the oligosaccharide profiles in selected plant-based food 
products. A quantification method based on high-performance anion-exchange chromatography-pulsed amper
ometric detection was developed, validated, and used to measure major oligosaccharides. Additional low- 
abundant oligosaccharides and glycosides were characterized by liquid chromatography-tandem mass spec
trometry and glycosidases. The summed concentration of raffinose, stachyose, and verbascose ranged from 
0.12–0.19 mg/g in almond milk, 3.6–6.4 mg/g in soy milk, and 74–77 and 4.8–57 mg/g in defatted and full-fat 
soy four. Over 80 different oligosaccharides were characterized. Novel compounds, 2,3-butanediol glycosides, 
were identified in almond milk. Low-abundant oligosaccharides represented 25 %, 6 %, and 10 % of total OS in 
almond milk, soy milk, and soy flour, respectively. The data here are useful to estimate oligosaccharide con
sumption from dietary intake and facilitate further studies on their bioactivity.   

1. Introduction 

Consumers’ preference to include more plant-based foods in the diet 
has been surging in recent years. The trend is related to consumers’ 
perception that plant-based foods are usually healthier and have a lower 
environmental impact than animal-based foods. This significant shift in 
consumers’ attitudes resulted in increased development and consump
tion of plant-based beverages, such as almond milk, soy milk, and others, 
as alternatives to cow’s milk. Almond milk is currently the most popular 
milk alternative in the United States (Wunsch, 2022). Although tradi
tionally widely consumed in several Asian countries, soy milk has only 
recently become more prevalent in Western countries. These plant-based 
beverages also serve as alternative options for consumers who are 
allergic to cow’s milk. Plant-based food ingredients are also increasingly 
used to produce foods for consumers with special dietary restrictions or 
can be added to fortify specific nutrients. For example, soy flour is a 
common ingredient used to replace wheat flour in producing gluten-free 
foods. 

Soybean and almond seeds both contain naturally occurring 

oligosaccharides (OS), predominated by α-galactooligosaccharides, 
including raffinose, stachyose, and verbascose. The consumption of 
soybean products may cause flatulence due to the high abundance of 
α-galactooligosaccharides in soybeans (Liener, 1994). The flatulence- 
causing potential engendered the perception of α-gal
actooligosaccharides as undesirable components and urged numerous 
studies seeking approaches to remove them from soybean and other 
legume products (Liener, 1994). Nonetheless, α-galactooligosaccharides 
have been shown to exhibit potential prebiotic activity, such as 
reshaping bacterial composition by increasing the relative abundance of 
Bifidobacterium and Lactobacillus in in vitro and rodent models (Amorim 
et al., 2020; Xi et al., 2021). Consumption of α-galactooligosaccharides 
could lead to additional beneficial health effects, including decreasing 
total cholesterol and low-density lipoprotein cholesterol, as shown in 
mice fed with a high-fat diet (Chappuis et al., 2017; Dai et al., 2019) and 
reducing appetite and inflammation in overweight adults (Morel et al., 
2015). 

Although a few studies report the contents of some OS in almonds 
and soybeans (Barreira et al., 2010; Fan et al., 2015; Kuo et al., 1988), 
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those values cannot be used for extrapolating the OS concentration in 
commercial almond and soy products. Besides the variation in plant 
materials due to varieties, geography, and growing conditions (Bainy 
et al., 2008), the processing procedure and formulation of almond and 
soy milk often differ among manufacturers, resulting in varying oligo
saccharide concentrations in commercial products. Therefore, there is a 
need for a well-designed study of various commercial products to survey 
their oligosaccharide concentrations and assess the levels in commonly 
found products. 

In addition to α-galactooligosaccharides, other OS present in plant- 
based foods may be involved in gut microbial fermentation and should 
be included in the characterization. Liquid chromatography-tandem 
mass spectrometry (LC-MS/MS) can be used to comprehensively char
acterize OS through deducing structural information based on frag
mentation patterns. Recently, our group reported the optimization of a 
conventional glycomics method to improve the identification of low- 
abundant OS (Huang, Robinson, Dias, et al., 2022) and avoid incorrect 
identification caused by unexpected oligosaccharide degradation 
(Huang, Robinson, & Barile, 2022), enabling its application to the 
identification of plant OS. 

In this study, a quantification method based on high-performance 
anion-exchange chromatography with pulsed amperometric detection 
(HPAE-PAD) was established and used to measure major OS in selected 
soy and almond products. Furthermore, unexplored OS and glycosides 
were characterized by LC-MS/MS and an enzymatic approach with 
selected glycosidases. 

2. Materials and methods 

2.1. Almond milk, soy milk, and soy flour 

The current dataset included four types of commercial products, 
including unsweetened almond milk (eight brands, AM1–AM8), 
unsweetened soy milk (eight brands, SM1–SM8), defatted soy flour (five 
brands, DFSF1–DFSF5), and full-fat soy flour (six brands, FFSF1–FFSF6), 
obtained from local stores or purchased online in the United States 
(Supplementary Material Table S1); ingredients of the almond milk and 
soy milk products varied with brands. Samples analyzed in this work are 
those reported in the U.S. Department of Agriculture FoodData Central, 
where information about other food components, including proximate 
composition and others, may be found (FoodData Central, 2022). Two 
additional soy flour samples, NIST SRM® 3234 (National Institute of 
Standards and Technology, Gaithersburg, MD, USA) and in-house full- 
fat soy flour control material (Soy Flour CC), were analyzed in each 
batch for quality control. Additional samples, including an almond milk 
product and a soy milk product were obtained from local stores (Davis, 
CA, USA) and a full-fat soy flour product was purchased online in the 
United States and used for optimizing the oligosaccharide extraction 
method. 

2.2. Reagents 

Raffinose (product 95068, purity 99.0 %), stachyose (product S4001, 
purity 98 %), verbascose (product 56217, purity 97.3 %), trifluoroacetic 
acid (TFA), 2,3-butanediol (product 42038), and trichloroacetyl isocy
anate were purchased from MilliporeSigma (St. Louis, MO, USA). n- 
Hexane, Carrez solutions I and II, acetonitrile (LC-MS grade), and formic 
acid (LC-MS grade) were obtained from Fisher Scientific (Waltham, MA, 
USA). Water was obtained from a Direct-Q 5 UV water purification 
system (18.2 MΩ cm at 25 ◦C) (EMD Millipore, now part of 
MilliporeSigma). 

2.3. Soy flour defatting 

n-Hexane was added to 20–25 mg of full-fat soy flour samples (sol
vent-to-material ratio 20:1, v/w) in 1.5 mL tubes. The samples were 

vortexed to suspend the soy flour and shaken on a thermomixer (Ther
moMixer C, Eppendorf, Hamburg, Germany) at 1,400 rpm at room 
temperature for 10 min. After the samples were centrifuged at 13,000 g, 
the supernatants were removed. The soy flour pellets were re-extracted 
with n-hexane (20:1, v/w) under the same condition. The supernatant 
was discarded after centrifuge. The defatted soy flour pellets were dried 
with a centrifugal evaporator (Genevac miVac concentrator, SP Scien
tific, Warminster, PA, USA) to remove residual n-hexane. 

2.4. Quantification of raffinose, stachyose, and verbascose by HPAE-PAD 

2.4.1. Method development for extraction of OS from almond milk and soy 
milk 

2.4.1.1. Carrez clarification. Almond milk and soy milk samples (200 
μL) were transferred to 1.5 mL tubes, diluted with water, and added with 
15, 20, 25, 50, and 100 μL of Carrez I solution (85 mM K4[Fe(CN)6]) and 
an equal volume of Carrez II solution (250 mM ZnSO4). The total liquid 
volume of each sample was 1 mL. The samples were vortexed and shaken 
at 1,000 rpm for 5 min on a thermomixer. After being centrifuged at 
13,000 g at room temperature for 15 min, the supernatants were 
transferred to new 1.5 mL tubes. The efficacy of clarification was eval
uated by eyes. 

The clarification was re-conducted using the Carrez solution volume 
with the best clarification efficacy. The supernatants were transferred to 
2 mL volumetric flasks after clarification and centrifuge. One milliliter of 
water was added to the pellets to suspend the pellets with pipette tips. 
After the samples were shaken at 1000 rpm at room temperature for 5 
min and centrifuged at 13,000g at room temperature for 15 min, the 
supernatants were combined with the first supernatants in the volu
metric flasks. Additional water was added to the mark to bring the final 
volume to 2 mL. 

2.4.1.2. Ethanol precipitation. Protein precipitation using two (2 V) and 
four (4 V) volumes of ethanol were tested. For the 2 V samples, almond 
milk and soy milk samples (200 μL) were diluted by adding 133 μL of 
water. Cold ethanol (667 and 800 μL) was added to the diluted samples 
and 200 μL of undiluted samples, respectively, for the 2 V and 4 V 
samples. The samples were vortexed and incubated at − 20 ◦C for 1 h. 
After being centrifuged at 13,000g at 4 ◦C for 30 min, the supernatants 
were transferred to new tubes. One milliliter of 66.7 % and 80 % cold 
ethanol (v/v) was added to the tubes with pellets for the 2 V and 4 V 
samples, respectively. The pellets were dispersed with the aid of pipette 
tips. After shaking the samples at 1,000 rpm at room temperature for 5 
min, the samples were centrifuged at 13,000g at 4 ◦C for 30 min. The two 
supernatants were combined and dried with a centrifugal evaporator. 
The dried samples were dissolved in water and diluted to 2 mL using 
volumetric flasks. 

2.4.2. Method development for extraction of OS from soy flour 
OS in soy flour were extracted with water with simultaneous or 

separate Carrez clarification. For simultaneous extraction and clarifi
cation, 25 mg of soy flour was extracted with 900 μL of water by shaking 
at 1,500 rpm at room temperature for 10 min. Carrez I and Carrez II 
solutions (50 μL each) were subsequently added to the soy flour–water 
mixture. After being shaken at 1500 rpm at room temperature for 5 min 
and centrifuged at 13,000g at room temperature for 15 min, the super
natants were transferred to 2 mL volumetric flasks. One milliliter of 
water was added to the pellets to suspend them. The samples were 
shaken at 1500 rpm at room temperature for 5 min. After centrifuge, the 
supernatants were combined with the previous extracts in the volu
metric flasks. The total volume was brought to 2 mL by adding water. 

For separate extraction and clarification, 25 mg of soy flour was also 
extracted with 900 μL of water by shaking at 1500 rpm at room tem
perature for 10 min. The samples were centrifuged at 13,000g at room 
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temperature for 15 min. After transferring the supernatants to new 
tubes, 900 μL of water was added to the soy flour pellets to extract re
sidual OS by shaking at 1500 rpm at room temperature for 5 min. After 
centrifuging at 13,000g at room temperature for 15 min, the superna
tants were combined with the previous extract. Carrez I and Carrez II 
solutions (50 or 100 μL each) were added to the combined supernatants. 
The samples were shaken at 1500 rpm at room temperature for 5 min. 
After centrifuge, the supernatants were transferred to 5 mL volumetric 
flasks. The pellets were suspended using pipette tips after adding 1 mL of 
water. The samples were shaken at 1500 rpm at room temperature for 5 
min and centrifuged at 13,000g at room temperature for 15 min. The 
supernatants were combined with the previous supernatants in the 
volumetric flasks. Extra water was added to the mark to make a final 
sample volume of 5 mL. 

2.4.3. HPAE-PAD analysis of raffinose, stachyose, and verbascose 
Quantification of raffinose, stachyose, and verbascose was conducted 

on a ThermoFisher Dionex ICS-5000 + HPAE-PAD system equipped with 
a CarboPac PA200 guard column (3 × 50 mm) and a CarboPac PA200 
analytical column (3 × 250 mm). Chromatographic separation was 
carried out with a 15-min isocratic elution using 40 mM NaOH at a flow 
rate of 0.5 mL/min. The column was flushed with 200 mM NaOH for 5 
min at the end of each run and equilibrated with 40 mM NaOH for 10 
min before the next injection. Calibration curves were constructed by 
injecting standard solutions with concentrations of 0.1–10 μg/mL. The 
concentration of raffinose, stachyose, and verbascose in samples was 
calculated with the calibration curves. The regression model (linear 
versus quadratic) for the calibration curves was selected by comparing 
the two models using a partial F-test (Massart et al., 1998) with R pro
gramming (version 3.5.3). 

2.4.4. Quantification method validation 
The quantification method was validated with the instrumental limit 

of detection (LOD) and limit of quantification (LOQ), coefficient of 
determination (r2), recovery, and intra- and inter-batch relative stan
dard deviation (RSD) of quality control samples. LOD and LOQ were 
determined with the signal-to-noise ratios (S/N) of 3 and 10, 
respectively. 

2.4.5. Method validation to assess the recovery 
Because it is not possible to find “blank” almond milk, soy milk, and 

soy flour samples that are free of raffinose, stachyose, and verbascose, 
known amounts of OS were spiked to the almond and soy flour samples 
to measure the recovery by subtracting oligosaccharide concentration in 
the unspiked samples from the spiked samples. After spiking raffinose, 
stachyose, and verbascose standards (~25–50 % of the original amounts 
of each oligosaccharide in the samples; the original amounts of OS were 
calculated with the concentrations determined in a preliminary experi
ment) to almond milk, soy milk, and soy flour samples, the spiked and 
unspiked samples were extracted with the selected procedures and 
analyzed by HPAE-PAD. The recovery was calculated by dividing the 
differences between the spiked and unspiked samples by the spiked 
amounts. The recovery represented the extraction recovery and the in
strument measurement recovery. 

2.4.6. Statistical analysis for assessing extraction method efficiency 
Extraction efficiencies of different conditions or procedures were 

compared by one-way analysis of variance (ANOVA) and Tukey’s test at 
p < 0.05 in RStudio (3.5.3). 

2.4.7. Batch extraction with the selected procedures 
The samples of commercial almond milk, soy milk, defatted soy 

flour, and full-fat soy flour were arranged into three assay batches 
(Supplementary Material Table S1). Samples in the same assay batch 
were extracted and analyzed on the instrument together. 

Almond milk and soy milk samples (200 μL, weights recorded) were 

diluted to 960 and 900 μL, respectively, with water. Carrez I and Carrez 
II solutions (20 and 50 μL, respectively, each) were then added to make a 
total volume of 1 mL. After vortexed, the tubes were shaken at 1400 rpm 
at room temperature for 5 min. The samples were centrifuged at 13,000g 
at room temperature for 15 min. The supernatants were transferred to 2 
mL volumetric flasks. One milliliter of water was slowly added to the 
pellets; the pellets were suspended with the pipette tips in the meantime. 
After being vortexed, the tubes were shaken (at 1400 rpm and room 
temperature for 5 min) and centrifuged (at 13,000g and room temper
ature for 15 min). The supernatants were transferred to the corre
sponding volumetric flasks and combined with the first extract. The total 
volume of each sample was brought to 2 mL by adding water. The 
samples were passed through 0.2 μm polyethersulfone (PES) filters and 
analyzed by HPAE-PAD. 

2.5. Comprehensive identification of OS with LC-MS/MS 

2.5.1. Oligosaccharide purification prior to liquid chromatography- 
quadrupole-time-of-flight mass spectrometery (LC-Q-TOF MS) analysis 

Almond milk (8 samples, AM1–AM8), soy milk (8 samples 
SM1–SM8), and defatted (5 samples, DFSF1–DFSF5) and full-fat (6 
samples, FFSF1–FFSF6) soy flour samples were respectively pooled by 
combining equal amounts of each sample. OS in soy flour were extracted 
with water (w/v = 1:20) by shaking at 1400 rpm on a thermomixer at 
room temperature for 10 min after defatting (full-fat soy flour only). 
Supernatants were collected after centrifugation at 13,000g at room 
temperature for 15 min. OS were extracted from the liquid samples (i.e., 
almond milk, soy milk, and the supernatants obtained from soy flour) 
through ethanol precipitation followed by two stages of solid-phase 
extraction (SPE) wtih Strata-X-C cartridges (30 mg, Phenomenex, Tor
rance, CA, USA) and porous graphitic carbon (PGC) SPE microplate with 
40 μL chromatographic media bed (Glygen Corporation, Columbia, MD, 
USA) as previously described (Huang, Robinson, Dias, et al., 2022; 
Machida et al., 2022). Neutral (fraction 1) and acidic (fraction 2) OS 
were collected for further analysis (Machida et al., 2022). 

2.5.2. LC-Q-TOF MS analysis 
The purified OS were analyzed by an Agilent 6520 Accurate-Mass Q- 

TOF LC-MS with a Chip Cube interface (Agilent Technologies, Santa 
Clara, CA, USA). The mobile phase was composed of 5 mM ammonium 
acetate, 3 % acetonitrile in water (solvent A) and 5 mM ammonium 
acetate, 90 % acetonitrile in water (solvent B). The ammonium salt in 
the mobile phase can promote the formation of ammonium species, 
which can aid the differentiation of authentic OS and in-source frag
ments as well as avoid incorrect identification (Huang, Robinson, & 
Barile, 2022). The oligosaccharide samples were delivered to the 
enrichment column of an Agilent PGC-Chip II (G4240-64010) with 100 
% A at a flow rate of 4 μL/min. The OS were separated on the analytical 
column of the PGC chip with a 60-min gradient. The gradient started 
from 100 % A, increased from 0 % to 16 % B in 20 min, from 16 % to 44 
% B in 10 min, from 44 to 100 % B in 5 min, and was held at 100 % B for 
10 min. The system was equilibrated at 100 % A for 15 min before the 
next injection. The drying gas was set at 350 ◦C with a flow rate of 5 L/ 
min. The electrospray ion source was in positive ion mode with a 
capillary voltage of 1875 V. The ions were scanned within the range of 
m/z 150–2500 at a rate of 1 spectrum sec− 1. The four most abundant ions 
in each MS analysis cycle were isolated for tandem MS analysis with 
ramped collision energy (CE; CE = 0.02 × m/z – 3.5). The active 
exclusion was enabled. Reference ions m/z 922.009798 and m/z 
1221.990637 were used for continual mass calibration throughout the 
analysis. 

2.5.3. LC-Q-TOF MS data analysis 
Oligosaccharides were identified by manually inspecting fragmen

tation patterns in tandem MS spectra. Peak area integration was fulfilled 
with Profinder B.08.00 (Agilent Technologies). Targeted feature 
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extraction was conducted based on a library including the monoisotopic 
masses and retention times for all the oligosaccharide identifications in 
each type of sample. Signals of [M + H]+, [M + Na]+, [M + K]+, and [M 
+ NH4]+ with a mass error within 20 ppm were included for peak area 
integration. For raffinose, stachyose, and verbascose, in-source fragment 
ions as well as dimer and trimer aggregates, were also included to 
approach their actual abundance (Huang, Robinson, & Barile, 2022). 
The apparent relative abundance of each oligosaccharide was calculated 
with the peak area of individual OS divided by the total peak area of all 
the identified OS. 

2.6. Identification of selected unknown glycosides 

2.6.1. Enzymatic treatment using glucosidases 
To identify the unknown glycosides present in almond milk, selected 

glycosidases were applied to the purified almond oligosaccharide sam
ple. Five microliters of the purified almond neutral oligosaccharide 
sample were mixed with 0.1 unit of α-glucosidase (G0660, Milli
poreSigma), 0.1 unit of β-glucosidase (G4511, MilliporeSigma), or water 
(as a control) and incubated at 37 ◦C in a thermomixer with shaking at 
700 rpm for 30 min. After glycosidase treatment, the samples were 
cleaned up with C18 SPE and PGC SPE. C18 SPE was conducted with a 
microplate with 40 μL chromatographic media bed (Glygen Corpora
tion). The samples were loaded to the microplate wells preconditioned 
with 300 μL of acetonitrile and 300 μL of water. The OS were eluted with 
600 μL of water and further loaded to PGC SPE microplate wells with 40 
μL chromatographic media bed (Glygen Corporation) preconditioned 
with 300 μL of 80 % acetonitrile (v/v) followed by 300 μL of water. The 
OS were collected during the initial sample loading and the subsequent 
elution with 600 μL of 40 % acetonitrile in water (v/v). The samples 
were dried with a centrifugal evaporator at room temperature. After 
dissolving in water, the glycosidase-treated samples were analyzed by 
the LC-Q-TOF MS as described above. 

2.6.2. Analysis of the aglycone using liquid chromatography-triple 
quadrupole mass spectrometry (LC-QqQ MS) analysis 

The aglycone was tentatively identified as 2,3-butanediol based on 
its m/z value. Due to the poor ionization in the native form, 2,3-butane
diol was analyzed after derivatization with trichloroacetyl isocyanate as 
described by Chen et al. (2018) with some modifications. The β-gluco
sidase treated almond oligosaccharide samples (5 μL) were diluted 100 
times with acetonitrile, and 5 μL of trichloroacetyl isocyanate were 
added to the samples. After vortexing for 1 min, the samples were dried 
in a centrifugal evaporator. The dried samples were dissolved in 50 % 
acetonitrile in water and injected into an Agilent 6470 Triple Quadru
pole Liquid Chromatography-Mass Spectrometry System equipped with 
a Zorbax Eclipse Plus C18 column (2.1 × 50 mm, 1.8 μm, Agilent). The 
mobile phase consisted of 10 mM ammonium acetate in 3 % water, 97 % 
acetonitrile (pH 4.5; A) and 10 mM ammonium acetate in 95 % aceto
nitrile, 5 % water (pH 4.5; B). The chromatographic separation was 
carried out at 40 ◦C with gradient elution at a flow rate of 0.6 mL/min 
starting from 15 % B. The eluent was kept at 15 % B from 0 to 2 min and 
increased to 45 % B from 2 to 14 min. After the LC separation, the 
column was regenerated by flushing with 100 % B for 2 min and 
equilibrated at 15 % B for 4 min before the next injection. The MS 
analysis was conducted in positive ion mode with source parameters as 
follows: the gas temperature was 200 ◦C at a flow rate of 11 L/min; the 
nebulizer was 35 psi; the sheath gas temperature was 200 ◦C at a flow 
rate of 10 L/min; capillary voltage was 3000 V. Multiple reaction 
monitoring (MRM) of two transitions, m/z 484 → 260 and m/z 484 → 
262, was conducted with fragmentor of 135 V and collision energy of 15 
V for both transitions from 5 to 14 min. 

3. Results and discussion 

3.1. Quantification of raffinose, stachyose, and verbascose by HPAE-PAD 

3.1.1. HPAE-PAD methodology 
An HPAE-PAD method using a CarboPac PA200 column with iso

cratic elution was developed to separate and quantify major OS in the 
almond and soy samples. Fig. 1 shows the chromatogram of a mixture of 
raffinose, stachyose, and verbascose standards. Although stachyose was 
eluted immediately after raffinose, an ideal resolution (2.25–2.66; 
calculated using the peak widths at 50 % height) between the two peaks 
was assured. 

Linear regression models are often used for creating calibration 
curves in carbohydrate quantification using HPAE-PAD (Pico et al., 
2015; Pico et al., 2021), but quadratic models may result in a better fit 
and higher accuracies in some cases (Haselberger & Jacobs, 2016; 
Ispiryan, Heitmann, Hoehnel, Zannini, & Arendt, 2019). In order to 
determine which model was more suitable, we compared the linear and 
quadratic models with a partial F-test (Massart et al., 1998). The test 
results showed that the addition of the quadratic term significantly 
improved the model (p < 0.001) for the calibration curves of all the three 
OS analyzed. Therefore, quadratic calibration curves were chosen to 
determine the oligosaccharide concentrations. 

3.1.2. Method development for OS extraction 
To ensure quantification accuracy, we compared several oligosac

charide extraction procedures for the liquid (almond milk and soy milk) 
and solid (soy flour) samples. After selecting appropriate procedures, the 
recovery was determined by measuring the known amount of OS spiked 
in the samples. 

3.1.2.1. Extraction of almond milk and soy milk. Almond milk and soy 
milk contain varied protein content (0.44–0.69 g/100 g and 3–4.69 g/ 
100 g, respectively) (FoodData Central, 2022). Hydrocolloids, such as 
gellan gum, carrageenan, and locust bean gum, are often used in com
mercial plant-based beverages as thickeners and stabilizers. These 
components need to be eliminated prior to HPAE-PAD analysis to pro
tect the chromatographic column and ensure analysis quality. Ethanol 
precipitation and Carrez clarification are often used to remove these 
large molecules and thus were both tested in this study. Different levels 
of Carrez solution were tested for the clarification of almond milk and 
soy milk because the efficacy of clarification would be associated with 
the sample composition. When using 30–200 μL of Carrez (Carrez I +
Carrez II) solution to clarify almond milk, the supernatants were 
completely clear for all the five levels tested. In comparison, only 100 
and 200 μL of Carrez solution resulted in completely clear supernatants 
for the clarification of soy milk. The turbidity of the supernatants from 
the samples clarified with 30, 40, and 50 μL of Carrez solution decreased 
as the Carrez solution volume increased. Based on these results, clari
fication using 50 and 100 μL of Carrez solutions for almond milk and soy 
milk, respectively, was further evaluated by HPAE-PAD analysis and 
compared with ethanol precipitation. 

The efficiency of oligosaccharide extraction from almond milk and 
soy milk by ethanol precipitation and Carrez clarification was evaluated 
by comparing the HPAE-PAD quantification values for raffinose, sta
chyose, and verbascose as shown in Supplementary Material Table S2. 
For almond milk, the measured quantities of the OS were similar among 
the three procedures, including ethanol precipitation using 2 and 4 
volumes of ethanol and Carrez precipitation, except that stachyose was 
slightly lower for precipitation with 4 volumes of ethanol than the other 
two procedures. For soy milk, ethanol precipitation using 2 volumes of 
ethanol and Carrez precipitation resulted in similar oligosaccharide 
quantities. However, precipitation using 4 volumes of ethanol led to 
significantly lower measurement values for all the three OS. Bouchard, 
Hofland, and Witkamp (2007) reported that the solubility of raffinose at 
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310 K was higher in water than in water–ethanol mixtures; the solubility 
also decreased as ethanol percentages in water–ethanol mixtures 
increased. Therefore, the lower extraction efficiency of 4 volumes of 
ethanol in the current study might be attributed to the lower solubility of 
OS in 80 % ethanol than in 66.7 % ethanol. 

All the three extraction procedures tested in this study resulted in 
clean chromatogram background. The samples also did not cause back 
pressure increase in HPAE-PAD analysis. Thus, the efficacy of large 
molecule removal by using the three procedures was considered suffi
cient. When using Carrez clarification, the samples can be directly 
injected into HPAE-PAD, usually on the same day, after filtration and 
appropriate dilution. In contrast, ethanol needs to be evaporated, and 
samples must be re-dissolved in water before HPAE-PAD analysis, 
leading to an extended analysis time. Consequently, Carrez clarification 
was selected for the batch extraction. The recovery of raffinose, sta
chyose, and verbascose was checked by measuring the spiked and 
unspiked samples and ranged from 91 to 107 % (Table 1). 

3.1.2.2. Extraction of soy flour. For the extraction of soy flour, we 
selected water as the solvent and used Carrez clarification to remove 
water-soluble proteins for the following reasons. As mentioned above, 
others (Bouchard et al., 2007; Pico et al., 2015) found that the solubility 
of small carbohydrate molecules was higher in pure water than in 
water–ethanol mixtures, in agreement with our observation that the 
extraction efficiency of 80 % ethanol was lower than 66.7 % ethanol for 
soy milk OS. Moreover, it would be best to use consistent extraction 
techniques for the “milk” samples and soy flour. The quantification 

values obtained from the samples prepared by aqueous extraction fol
lowed by either separate or combined Carrez clarification were shown in 
Supplementary Material Table S3. For separate Carrez clarification, 
using 100 and 200 μL of Carrez solution resulted in similar oligosac
charide quantification values. For combined Carrez clarification, the 
oligosaccharide quantification values had no significant difference from 
separate Carrez clarification. Because using combined Carrez clarifica
tion requires fewer steps for the extraction procedure, it was selected to 
be used for the batch extraction of soy flour. Satisfying recovery of the 
method, measured by spiking known amounts of OS, was achieved (100, 
103, and 103 % for raffinose, stachyose, and verbascose, respectively). 

3.1.3. Quantification of raffinose, stachyose, and verbascose in commercial 
products 

Fig. 2 shows the raffinose, stachyose, and verbascose concentrations 
in different brands of almond milk, soy milk, and soy flour. The con
centrations in the beverages were measured in the unit on a weight-to- 
weight basis (mg/g) to avoid pipetting inaccuracy due to the affinity 
of proteins to pipette tips. Almond milk contained 0.056–0.11 mg/g of 
raffinose, 0.046–0.085 mg/g of stachyose, and 0.0036–0.012 mg/g of 
verbascose. The average and median raffinose contents (0.079 and 
0.078 mg/g) in almond milk were higher than stachyose (0.060 and 
0.058 mg/g) and verbascose (0.0068 and 0.0055 mg/g). Soy milk con
sisted of 0.47–0.93 mg/g of raffinose, 2.9–5.4 mg/g of stachyose, and 
0.18–0.31 mg/g of verbascose. Defatted soy flour contained 12–15 mg/g 
of raffinose, 56–59 mg/g of stachyose, and 3.3–3.7 mg/g of verbascose. 
Full-fat soy flour contained 5.6–10 mg/g of raffinose, 40–47 mg/g of 

Fig. 1. HPAE-PAD chromatogram of standards of raffinose, stachyose, and verbascose.  

Table 1 
Instrumental limit of detection (LOD) and quantification (LOQ), recovery, relative standard deviation (RSD), coefficients of determination (r2) of quadratic calibration 
curves of the quantification method used for batch extraction.  

Oligosaccharide LOD 
(μg L-1) 

LOQ 
(μg L-1) 

Recovery (%) RSD (%)2 r2,3 

AM1 SM SF Intra-batch Inter-batch  

Raffinose  1.2 4.9 107 ± 3 101 ± 3 103 ± 2 0.0–2.4 1.5–5.4 0.999991– 
0.999995 

Stachyose  1.3 6.3 93   

± 3 

91 ± 4 101 ± 5 0.2–2.6 1.3–5.2 0.999997– 
0.999999 

Verbascose  3.4 12 100 ± 2 103 ± 4 103 ± 0 0.1–3.8 2.7–5.2 0.999992– 
0.999998  

1 AM: almond milk; SM: soy milk; SF: soy flour (defatted). 
2 Intra-batch RSD was obtained from duplicate analysis on one or two selected samples in each batch; inter-batch RSD was measured by analyzing two quality control 

samples in each batch. 
3 The r2 values represent the range among all batches. 

Y.-P. Huang et al.                                                                                                                                                                                                                               



Food Chemistry 409 (2023) 135267

6

stachyose, and 1.5–3.8 mg/g of verbascose (excluding the FFSF4 sam
ple). FFSF4 was Korean fermented soybean powder (“mejugaru”), con
taining extraordinarily low raffinose (0.20 mg/g) and stachyose (3.6 
mg/g) contents; OS in soybeans were likely degraded or utilized by 
microorganisms during fermentation. Stachyose was the most abundant 
oligosaccharide in all soy milk and defatted and full-fat soy flour sam
ples, followed by raffinose and verbascose. Raffinose and stachyose 
contents in different varieties of defatted soy flour determined in a 
previous study were 7.8–14.1 and 35.3–57.8 mg/g (dry basis), respec
tively (Bainy et al., 2008), which was in a similar range to our measured 
values (13–16 and 60–63 mg/g, on dry basis). In general, defatted soy 
flour contained more OS than full-fat soy flour due to the lower lipid 
content in defatted soy flour (3.1–3.6 % vs 18.5–23.3 %, as is) (FoodData 
Central, 2022); soy milk contained a lower amount of OS than soy flour 
because of the higher moisture content (90.3–93.6 % vs 5.53–8.52 %). 

The oligosaccharide contents in almond milk were lower than in soy 
milk, given the fact that almonds (7.1–21.1 mg/g raffinose) contained 
lower amounts of OS than soybeans (8–13 mg/g raffinose, 32–43 mg/g 
stachyose, and 1–2 mg/g verbascose) (Barreira et al., 2010; Fan et al., 
2015; Kuo et al., 1988). 

Validation data for the batch analysis are presented in Table 1. All 
the coefficients of determination (r2) of the quadratic calibration curves 
were above 0.99999. The low intra- (0.0–3.8 %) and inter-batch RSD 
(1.3–5.2 %) verified the precision of the measurements. The instru
mental LOD were 1.2, 1.3, and 3.4 μg L-1 for raffinose, stachyose, and 
verbascose, respectively, which represent a considerable improvement 
over the values recently reported in the literature (49.63, 17.08 and 
2891.22 μg L− 1, respectively) (Pico et al., 2021); the instrumental LOQ 
were 4.9, 6.3, and 12 μg L− 1, respectively. 

3.2. Comprehensive oligosaccharide profiling by LC-Q-TOF MS 

LC-MS/MS analysis was carried out to identify the monosaccharide 
composition of the many OS for which commercial standards are not yet 
available. To encompass the variety of OS and keep the data analysis 
workload manageable, different brands of each sample type were pooled 
prior to LC-MS/MS analysis. The results revealed that almond milk, soy 
milk, and soy flour contained a variety of OS besides the three major OS 
(Supplementary Material Table S4). A total of 82, 60, 48, and 75 OS 
were identified from the pooled almond milk, soy milk, defatted-, and 
full-fat soy flour samples, respectively. Most of the OS identifications 
were confirmed in at least one pooled sample by inspecting the fragment 
ion peaks in the tandem MS spectra. A majority of the identified OS (47, 
40, 29, and 51, respectively) comprised only hexoses, with a degree of 
polymerization of 2–8. Five OS containing pentose units (Hex4Pent1, 
Hex5Pent1, and Hex3Pent2) were identified (three confirmed by tandem 
MS, data not shown) in the pooled full-fat soy flour. 

Some OS contained residues other than common monosaccharides, 
such as pinitol, phosphoryl group, and acetyl group, according to the 
mass-to-charge ratios (m/z) observed in the LC-MS/MS analysis. Cice
ritol, a pinitol digalactoside, was identified in all the four pooled sam
ples. Ciceritol is present in chickpeas and lentils in high abundances 
(Quemener & Brillouet, 1983) and was found to exert in vitro prebiotic 
activity in a previous study (Zhang et al., 2017). Ciceritol was also found 
in soybean in previous studies, while its concentration (0.008 mg/g) was 
much lower than chickpea (0.280 mg/g) and lentil (0.160 mg/g) 
(Obendorf, Horbowicz, Dickerman, Brenac, & Smith, 1998; Quemener & 
Brillouet, 1983). In the current study, ciceritol found in the pooled 
almond milk sample appeared to be even less abundant than in the 
pooled soy milk sample, considering the injection volumes and peak 
areas. To the best of our knowledge, ciceritol was identified in almond 
products for the first time. 

Phosphorylated OS were found in all four pooled samples. The three 
pooled soy samples all contained ten phosphorylated OS (four of Hex3P1 
(m/z 585.143, [M + H]+) and six of Hex4P1 (m/z 747.196, [M + H]+)). 
The pooled almond sample contained 12 phosphorylated OS (six Hex3P1 
and six Hex4P1), among which ten were determined to be the same as 
those found in the soy samples based on the retention times. For the 
phosphorylated OS fragmented by CID, strong signal of the fragment 
ions, Hex1P1 (m/z 243.027, [Hex1P1 − H2O + H]+), Hex2P1 (m/z 
405.080 [Hex2P1 − H2O + H]+), and Hex3P1 (m/z 567.132, [Hex3P1 −

H2O + H]+, from Hex4P1 molecules) (all with a neutral loss of water) on 
the tandem MS spectra (Fig. 3A) supported their identifications. Acet
ylated OS were found in all the soy and almond samples. Five acetylated 
OS containing four hexoses and one acetyl group (Hex3HexOAc1, m/z 
726.266, [M + NH4]+) were identified from soy milk, defatted soy flour, 
and full-fat soy flour with tandem MS confirmation (data not shown). 
Three of them were also found in common in the almond milk sample. 

A series of OS with the m/z of 434.187, 596.240, and 758.292 were 
tentatively identified as glycerol-containing OS. The fragment ions m/z 
93.05 ([glycerol + H]+), m/z 205.107 ([Hex1Glycerol1 + H]+), m/z 

Fig. 2. Concentrations of raffinose, stachyose, and verbascose in commercial 
almond milk (AM1–AM8), soy milk (SM1–SM8), and soy flour (DFSF1–DFSF5 
(defatted) and FFSF1–FFSF6 (full-fat)) products measured by HPAE-PAD. Data 
of AM4 (n = 3), SM2 (n = 4), DFSF2 (n = 2), and FFSF3 (n = 2) were expressed 
as mean ± standard deviation to show the measurement uncertainty; data of 
the other samples (n = 1) represent the measured values. 
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417.160 ([Hex2Glycerol1 + H]+), and m/z 579.213 ([Hex3Glycerol1 +

H]+) in the tandem MS spectra (Fig. 3B) of this series of OS indicates that 
glycerol constitutes part of the OS. The matched retention times of the 
OS consisting of a glycerol and three or four hexose residues found in the 
almond and soy samples suggest that almond and soy can synthesize 
some identical glycerol-containing OS. Glycerol-containing OS were 
previously identified in wheat flour and algae (Carter et al., 1956; 
Karsten et al., 2005). Glyceryl glycosides with only one monosaccharide 
conjugated with glycerol were also found in algae, wine, and sake 

(Eggert & Karsten, 2010; Ruiz-Matute et al., 2009). However, this type 
of compounds had not been previously reported in soy and almond 
products. 

Noteworthy, several OS containing 2–3 hexose units and an un
known residue were exclusively detected in the almond milk sample, e. 
g., three peaks whose protonated molecules ([M + H]+) had an m/z of 
415.183. The areas of the three peaks were much larger than verbascose 
in almond milk, suggesting the significant abundance of these com
pounds in almond milk. The unknown residues were suggested to be 

Fig. 3. LC-Q-TOF tandem MS spectra of Hex4P1 
(13.349 min; spectrum of soy milk; A), Hex3

Glycerol1 (10.002 min; spectrum of full-fat soy 
flour; B), and Hex2BDO1 (16.623 min; C) and 
Hex2BDOmonoAc1 l (18.918 min; D) in almond 
milk generated from precursor ions of [M + H]+

or [M + NH4]+ (annotated in red). BDO: buta
nediol; BDOmonoAc: butanediol monoacetate. 
(For interpretation of the references to colour in 
this figure legend, the reader is referred to the 
web version of this article.)   
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conjugated to the carbohydrate moieties by a glycosidic linkage (i.e., the 
OS were glycosides with the unknown residues). According to the LC- 
MS/MS data, the monoisotopic masses of the aglycones of the two 
different series of glycosides were 90.068 and 132.079. The fragment 
ions of m/z 73.066 ([M – Hex2 – H2O + H]+) and m/z 91.076 ([M – Hex2 
+ H]+) from the precursor ion of m/z 415.183 ([M + H]+) (Fig. 3C) were 
associated with the unknown residue with a monoisotopic mass of 
90.068. Another nine peaks with m/z 577.234 ([M + H]+) and m/z 
594.261 ([M + NH4]+) also had the fragment ions of m/z 73.066 ([M – 
Hex2 – H2O + H]+) and m/z 91.076 ([M – Hex2 + H]+), indicating that 
they possess the same unknown residue with the m/z 415.183 peaks. 
Similarly, the product ion series of m/z 133.086 ([M – Hex2 + H]+), m/z 
295.139 ([M – Hex + H]+), and m/z 457.200 ([M + H]+), with a mass 
interval of ~ 162.05, from the precursor ion of m/z 474.220 ([M +
NH4]+) (Fig. 3D) were related to the unknown residue of 132.079. The 
fragment ion peaks of m/z 325.114 corresponding to Hex2 were found in 
the tandem MS spectra from both the precursors of m/z 415.183 and m/z 
474.220, indicating that each of the unknown residues was linked to a 
disaccharide with two hexose units. Likewise, fragment ion peaks of m/z 
487.168 ([Hex3 – H2O + H]+) from the precursors of m/z 577.234 and 
m/z 594.261 demonstrated the presence of a trisaccharide with three 
hexose units in their structures. 

Because the oligosaccharide samples were purified with mixed-mode 
and PGC SPE in series, which should remove most compounds with 
hydrophobic moieties, the unknown residues were expected to be highly 
polar. Based on the monoisotopic masses and the expected physico
chemical properties, the two aglycone residues might be butanediol 
(90.068) and butanediol acetate (132.079). 2,3-Butanediol is a known 
sensory compound found in non-bitter almonds (Garg et al., 2018; 
Wirthensohn et al., 2008). 2,3-Butanediol acetate is a volatile compound 
found in wine (Wyk et al., 1967) and muskmelon (Lignou et al., 2013), 
but it has not been identified in almond to date. Although in theory, 
other butanediol isomers (e.g., 1,4-butanediol and 1,3-butanediol) could 

also correspond to the unknown residue (90.068) or part of the aglycone 
residue (132.079), because of the existence of 2,3-butanediol in al
monds, we tentatively identified the residues as 2,3-butanediol (90.068) 
and 2,3-butanediol acetate (132.079). While 2,3-butanediol is found in 
free form in almonds, it is plausible that 2,3-butanediol could be 
incorporated into other compounds thanks to various metabolic path
ways. For example, in previous studies, 2,3-butanediol glucoside was 
found in fennel (Kitajima et al., 1998) and in vitro fecal fermentation 
product of black rice (Owolabi et al., 2020). 2,3-Butanediol was also 
found to be conjugated with a disaccharide glycoside to form 2,3-buta
nediol apiosyl-glucoside (Kitajima et al., 1998). The actual structures of 
the compounds tentatively identified as glycosides of 2,3-butanediol and 
2,3-butanediol acetate in almonds would require further investigation, 
which is beyond the scope of this work. 

Fig. 4 shows the apparent relative abundance of various OS identified 
by LC-Q-TOF MS. Interestingly, minor OS in almond milk accounted for 
25 % of the total, bringing them close in abundance to stachyose (29 %), 
the second most represented oligosaccharide. Among the minor ones, 
the glycosides of 2,3-butanediol (Hex2-3 + butanediol) was the highest 
class (19 %), followed by Hex3-8 (5 %). Among the three pooled soy 
samples, OS distribution was similar. Minor OS accounted for 6–10 %, 
with Hex3-6/7 as the most represented, followed by ciceritol. 

3.3. Identity confirmation of 2,3-butanediol glycosides 

3.3.1. Enzymatic treatment using glucosidases 
The purified almond milk oligosaccharide sample was treated with 

α-glucosidase and β-glucosidase (β-D-glucosidase) to examine the link
age type between different residues in the protonated molecule of m/z 
415.183. The LC-QTOF analysis results showed that all three peaks in 
the extracted ion chromatograms (EIC) of m/z 415.183 were signifi
cantly reduced in the sample after treatment with β-glucosidase 
compared with the control (Fig. 5A), whereas those same peaks were not 

Fig. 4. Apparent relative abundance of different classes of OS identified in the almond milk, soy milk, and soy flour estimated by peak areas from the LC-Q-TOF 
analysis. Hex3-6/7/8 group excludes raffinose, stachyose, and verbascose. Hex: hexose; Pent: pentose; HexOAc: acetyl-hexose; P: phosphorylation. 
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Fig. 5. Overlaid LC-Q-TOF chromatogram of purified almond neutral OS undergoing β-glucosidase treatment (A, extracted ion chromatogram (EIC) of m/z 415.183; 
B, base peak chromatogram (BPC)) showing that the m/z 415.183 ion ([M + H]+) peaks decreased after the treatment. Overlaid LC-QqQ MRM chromatograms (m/z 
484 → 260 and m/z 484 → 262) of 2,3-butanediol standard (C) and almond neutral OS with β-glucosidase treatment (D). 
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affected by α-glucosidase (Supplementary Material Fig. S1A and B). 
Also, as expected, the peak areas of the major OS, including raffinose, 
stachyose, and verbascose (containing α-galactosyl and α-1,β-2-glyco
sidic linkages), were not altered after the enzymatic treatment (Fig. 5B). 
These results revealed that the terminal hexose residue, and possibly the 
hexose residue attached to the aglycone, in the three compounds (m/z 
415.183) was a β-D-glucose. 

We hypothesized that the compounds with a protonated form of m/z 
577.234 and/or an ammonium ion of m/z 594.261 contained the same 
aglycone as the m/z 415.183 compounds due to the identical mass of the 
unknown residue. However, the areas of the m/z 577.234 and m/z 
594.261 peaks of the β-glucosidase-treated and the control samples were 
similar, suggesting that the terminal hexose was not a β-D-glucose. 
Interestingly, the m/z 474.220 peak ([M + NH4]+) with the proposed 
structure of 2,3-butanediol acetate glycoside, which contains two hexose 
units, completely disappeared after β-glucosidase treatment (Supple
mentary Material Fig. S1C), clearly indicating that at least one terminal 
hexose unit in this compound was a β-D-glucose. 

3.3.2. Analysis of the enzymatically released aglycone by LC-QqQ MS 
2,3-Butanediol was derivatized using trichloroacetyl isocyanate to 

improve chromatographic retention and electrospray ionization in the 
LC-QqQ analysis. The β-glucosidase-treated almond oligosaccharide 
sample undergone the derivatization process was injected into the LC- 
QqQ to further confirm the identity of the enzymatically released 
aglycone. 

The 2,3-butanediol standard had a minor peak at 11.82 min and a 
major peak at 12.01 min (Fig. 5C, peaks 1 and 2, respectively), both of 
which had nearly equivalent peak areas between the two MRM transi
tions (m/z 484 → 260 and m/z 484 → 262). According to the information 
provided by the manufacturer (MilliporeSigma), the 2,3-butanediol 
standard used in the current study is a mixture consisting 94.9 % 
racemic and 4.8 % meso forms. The percentages are similar to the area 
percentage of peaks 2 (92.1 %) and 1 (7.9 %), respectively. Therefore, 
peaks 1 and 2 might represent the meso and the racemic forms, respec
tively. Similarly, the β-glucosidase-treated sample contained two peaks 
(1 and 2), with similar peak areas between the two MRM transitions, at 
the same retention times as the standard. In comparison, the almond 
oligosaccharide sample without β-glucosidase treatment (control) only 
had a tiny peak at 11.81 min (Fig. 5D), confirming that β-glucosidase 
released the two peaks of 2,3-butanediol from the purified almond OS. 

In the β-glucosidase-treated sample, peak 1 (84.5 %) was more 
abundant than peak 2 (15.5 %), indicating that 2,3-butanediol released 
from the glycosides in almonds included more meso form than racemic 
form. (Wirthensohn et al., 2008) found that the ratio of racemic to mseo- 
2,3-butanediol in non-bitter almonds was 3.72 to 1. The abundance 
order of the two isomers of free 2,3-butanediol was contrary to the 2,3- 
butanediol released by β-glucosidase from purified almond OS. The 
cause of the inverse relative abundance of 2,3-butanediol isomers be
tween the free and glycoside forms would need further investigation. 

Since the release of 2,3-butanediol was corroborated with the LC- 
QqQ analysis by comparing with the authentic standard, it can be 
concluded that the almond milk sample contained at least one 2,3- 
butanediol-β-D-glucosyl-β-D-glucoside. The multiple m/z 415.183 peaks 
in the LC-Q-TOF chromatogram of the isomers might include different 
hexoses in the middle position, have the terminal β-glucose linked to 
different carbons on the innermost hexose residue, or contain different 
2,3-butanediol stereoisomers. The structure of 2,3-butanediol-β-D-glu
cosido-β-D-glucoside is, to a certain degree, similar to amygdalin (D- 
mandelonitrile-β-D-glucosido-6-β-D-glucoside), which is more abundant 
in bitter almonds than sweet almonds. The biosynthesis and hydrolysis 
of amygdalin involve various specific enzymes (Thodberg et al., 2018). 
The naturally occurring β-glucosidase in almonds, which was also 
selected in the current study for the structure elucidation, is likely 
involved in the metabolism of the 2,3-butanediol glycosides in almonds. 
The findings of the 2,3-butanediol glycosides in almonds necessitate 

future studies on the role of these compounds in plant metabolism as 
well as in human nutrition. 

4. Conclusions 

Non-digestible OS could beneficially affect human health thanks to 
their prebiotic activity. Therefore, it is essential to understand their 
composition and abundance in dietary sources. The current study opti
mized a quantification method for raffinose, stachyose, and verbascose 
in almond milk, soy milk, and soy flour using HPAE-PAD. The extraction 
of OS was optimized by using water along with Carrez solutions to 
maximize the recovery and streamline the sample preparation proced
ures. The concentrations of raffinose, stachyose, and verbascose were 
surveyed in commercial almond milk, soy milk, and soy flour of different 
brands. The additional analysis by LC-Q-TOF MS allowed the identifi
cation of many OS with various structures, such as Hex3–8, ciceritol, and 
Hex2–3Glycerol1, in these commercial products. Additionally, 2,3-buta
nediol glycosides containing one to two β-D-glucose residues were 
identified, for the first time, in almond milk in substantial relative 
abundance. 

The quantification results presented here can serve to estimate 
oligosaccharide consumption from dietary intake. The results are novel 
and extend information about components in food reported in the USDA 
FoodData Central. Information on the newly identified OS and glyco
sides can serve as a basis for further investigation into their bioactivity, 
such as the prebiotic property, to understand their influence to human 
health. 
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