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Abstract This study developed a high performance liquid

chromatography with diode array detection (HPLC–DAD)

and tandem mass spectrometry (MS–MS) method for

determination of prenylflavonoids and hop bitter acids in

surplus yeast, a byproduct from beer brewing process. This

method enabled the simultaneous separation of 4 prenyl-

flavonoids and 20 hop bitter acids within 30 min by

employing a Hypersil-Keystone HyPURITY C18 column

and a gradient mobile phase composed of phosphoric acid

aqueous solution at pH 1.6 and acetonitrile. For HPLC–

DAD analysis, the limits of detection and limits of quan-

titation ranged from 0.04 to 0.15 lg/mL and from 0.12 to

0.45 lg/mL, respectively, and the recoveries ranged from

82.6 to 99.7%. The intra-day variability and inter-day

variability ranged from 1.37 to 8.82% and from 0.68 to

9.74%, respectively. For qualitation by MS–MS, the posi-

tive mode was discovered to possess satisfactory collision

capacity and high sensitivity for prenylflavonoids, while

the negative mode was more suitable for the ionization of

hop bitter acids. The content of hop bitter acids in surplus

yeast were higher than that of prenylflavonoids, and iso-

mers and oxidation products of hop bitter acids were found.

This study has advantages in identifying more components,

short separation time, satisfactory resolution, high accuracy

and high precision.

Keywords Prenylflavonoids � Hop bitter acids � Surplus

yeast � Brewing byproducts � HPLC–DAD � Tandem mass

spectrometry

Introduction

Beer is a common alcoholic beverage. Studies have shown

that beer contains phenylflavonoids and hop bitter acids,

which have several physiological activities (Yang et al.

2007). However, the contents of the two functional com-

ponents in beer are not high, and the substantial calorie

value and alcoholic content also limit health effects of beer.

Conversely, brewing byproducts may contain more func-

tional components that can be further applied. Conven-

tional processing methods for food byproducts have been a

burden on the environment, and numerous byproducts

actually have nutritional value. Their further recycling not

only achieves waste reduction but also increases their

commercial value.

A variety of by-products are produced in the beer

brewing process, such as spent grains (SG) produced after

milling, mashing, and lautering; spent hops (SH) produced

by boiling wort with hops; and surplus yeast (SY) produced

by fermentation and aging after yeast inoculation (Mus-

satto 2007). These by-products are shown rich in nutrients,

although most of them are used as animal feed and fertil-

izers (Mussatto 2007). Approximately 20 kg of byproducts

are produced for every 100 Ls of beer brewed, of which

SG, SH, and SY account for approximately 85%, 5%, and

10%, respectively (Fillaudeau et al. 2006). Because SH and

SY are the by-products produced after the addition of hops,

they theoretically contain more functional components.

Moreover, the yield of SY is higher than that of SH. Thus,

this study focused on SY.

Prenylflavonoids are flavonoids with a prenyl group

bonded to their A-ring, and it is divided into prenylchal-

cones and prenylflavanones based on whether they exhibit

a ring opening. The most typical prenylflavonoid is rep-

resented by xanthohumol. Its physiological activities
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include anti-inflammation (Lee et al. 2011), inhibition of

cancer cell growth (Festa et al. 2011), and prevention of

obesity (Mendes et al. 2008). Hop bitter acid is a secondary

metabolite of hop. It is divided into a-acids (also known as

humulone) and b-acids (also known as lupulone), both of

which are prenylated phloroglucinol derivatives. The con-

tent of a-acids in hop is higher than that of b-acids, and a-

acids form isomerization products in the boiling process of

wort. Their physiological activities include the inhibition

of cancer cell growth (Lamy et al. 2007), anti-angiogenesis

(Siegel et al. 2008), improvement of metabolic syndrome

(Ding et al. 2008), and improvement of osteoporosis (Ya-

jima et al. 2004).

To our knowledge, current studies mainly focus on

separation only prenylflavonoid or hop bitter acid, and

samples used are chiefly hops and beer (Česlova et al.

2009). Data on identification of phenylflavonoids and hop

bitter acids by mass spectrometry (MS) are lacking. The

variety and content of phenylflavonoids and hop bitter

acids in SY are also remain uncertain. Thus, in this study

we provided an high performance liquid chromatography

system with diode array detection and tandem mass spec-

trometry (HPLC–DAD–MS–MS) method that can identify

more kinds of prenylflavonoids and hop bitter acids than

the present studies. In addition, the composition of these

two groups of functional components in SY was analyzed

by to give additional application values.

Materials and methods

Materials

Surplus yeast was provided by local beer brewing company

(Taipei, Tiawan). Surplus yeast was centrifuged at 6000 g

at 25�C for 20 min to remove supernatant, and was sub-

sequently stored at - 20�C in vacuum packs after it was

freeze-dried (- 40�C, 60 millitorr).

Chemicals and reagents

a-acids and b-acids mixture standard (ICE-2) was from

Labor Veritas Co. (Zürich, Switzerland), which contained

a-acids with 14.45% of cohumulone and 34.94% of

humulone ? adhumulone and b-acids with 12.92% of

colupulone and 12.02% of lupulone ? adlupulone. ICS-I3

was an iso-a-acids mixture standard and was also pur-

chased from Labor Veritas Co., which contains 32.7% of

trans-isocohumulone, 54.5% of trans-isohumulone, and

12.8% of trans-isoadhumulone. Xanthohumol was from

Extrasynthese Co. (Genay, France). Isoxanthohumol was

from ChromaDex Co. (Irvine, CA, USA). 6-prenylnarin-

genin and 8-prenylnaringenin were from Sigma-Aldrich

Co. (Billerica, MA, USA). 95% ethanol was purchased

from Taiwan Tobacco and Liquor Co. (Taipei, Taiwan).

Deionized water was obtained using the Milli-Q water

purification system of Millipore Co. (MA, USA). HPLC-

grade solvents were purchased from Merck (Darmstadt,

Germany).

Instrumentation

HPLC-diode array detection (HPLC–DAD) system was

from JASCO Co. (Tokyo, Japan), was composed of a PU-

2089 plus pump and a MS-2010 plus diode array detector.

The HPLC-tandem mass (HPLC–MS–MS) system was

from Thermo Fisher Scientific Co. (San Jose, CA USA),

which composed of Accela 600 HPLC system and LTQ

Orbitrap XL tandem mass spectrometer with multiple ion

source. The C18 columns HyPURITY (150 mm 9 4.6 mm

I.D., 5 lm) were from Thermo Hypersil-Keystone Co.

(Bellefonte, PA, USA) and with a security guard C18 guard

column from Phenomenex Co. (Torrance, CA, USA).

Extraction of prenylflavonoids and hop bitter acids

from surplus yeast

Surplus yeast (0.2 g) was added to 95% ethanol (4 mL) and

the mixture was subjected to ultrasonic extraction for

10 min followed by shaking extraction for 20 min. Sub-

sequently, the mixture was centrifuged at 3320g for

10 min, and the supernatant was collected for concentra-

tion under vacuum followed by filtering using a 0.22-lm

syringe filter. The extract was adjusted to 2 mL with

ethanol for HPLC analysis.

Chromatographic conditions

A binary solvent system of deionized water at pH 1.6

adjusted with phosphoric acid (A) and acetonitrile (B) with

the following gradient elution was developed: 40% B ini-

tially, maintained for 3 min, increased to 51% B at the 5th

min, 58% B at the 7th min and maintained for 8 min,

increased to 71% B at the 20th min, 76% B at the 21th min

and 78% B at the 30th min. The column temperature was at

35 �C, quantity injected was 20 lL, flow rate at 1.0 mL/

min and detection at 314 nm. The pH of water in mobile

phase (A) was adjusted by formic acid instead of phos-

phoric acid when MS–MS was used for detection.

The peak purity of each peak was automatically deter-

mined by DAD. The retention factor (k) was calculated

using the formula k = (tR - t0)/t0, where tR denotes

retention time of sample components and t0 denotes

retention time of sample solvent. The separation factor (a)

was based on the formula a = k2/k1, where k1 and k2 rep-

resents retention factor of two neighboring peaks.
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Identification of prenylflavonoids and hop bitter

acids

The identification of various compounds was carried out by

comparison of retention time, absorption spectra and mass

spectra with reference standards, and the results with those

reported in the literature. For improving the identification,

a ion trap tandem mass coupled with electrospray ioniza-

tion was used for providing the MS–MS data of each

compound. The positive mode was used for determination

of prenylflavonoids whereas negative mode was used for

hop bitter acids analysis. The condition of MS–MS was

scanning range 100–600 m/z, spray voltage 4.5 kV (for

positive mode) or - 4.0 kV (for negative mode), heated

temp 350�C, sheath gas flow rate 50 arb, aux gas flow rate

20 arb, capillary temp 275�C, capillary voltage 30 V and

tube lens 150 V.

Method validation

Precision study

Surplus yeast extract was injected in HPLC–DAD and

HPLC–MS–MS nine times on the same day, with the rel-

ative standard deviation (RSD%) being calculated to obtain

the intra-day variability. Similarly, the extract was injected

three times on three non–continuous days, and the inter-day

variability was measured based on RSD%.

Detection and quantitation limits

Three concentrations of standards were prepared separately

for detection and quantitation limits test for each compo-

nent. 0.02, 0.05 and 0.08 lg/mL for isoxanthohumol and

xanthohumol; 0.02, 0.04 and 0.08 lg/mL for 8-prenyl-

naringenin and 6-prenylnaringenin; 0.05, 0.08 and 0.10 lg/

mL for cohumulone and humulone; 0.08, 0.10 and 0.12 lg/

mL for trans-isohumulone and colupulone; 0.10, 0.12 and

0.15 lg/mL for trans-isocohumulone; 0.12, 0.15 and

0.18 lg/mL for trans-isoadhumulone, adhumulone, lupu-

lone and adlupulone. These solutions were analyzed three

times each using HPLC–DAD. The detection limit was

determined based on S/N C 3, whereas the quantitation

limit measured was based on S/N C 10.

Recovery

Two preparations of 0.2 g of surplus yeast powder were

spiked with 20 and 50 lg of isoxanthohumol, 10 and 20 lg

of xanthohumol, 2 and 5 lg of 8-prenylnaringenin and 6-

prenylnaringenin, 62.7 and 125.4 lg of ICS-I3 as well as

182.3 and 364.6 lg of ICE2, respectively. Following

extraction and HPLC analysis, the recovery of each

prenylflavonoid and hop bitter acid was obtained based on

the following formula:

Recovery ð%Þ

¼ ðspiked amount þ original amountÞ � original amount

spiked amount

� 100%

Quantification of prenylflavonoids and hop bitter acids

All compounds were quantified by calibration curve. Pre-

nylflavonoids and hop bitter acids that with commercial

standards were quantified using their respective calibration

curves prepared by HPLC–DAD system. Other hop bitter

acid derivatives without standards were quantified using

the calibration curve of compounds with similar maximum

absorption wavelengths. For example, cohulupone and

hulupone were quantified using the calibration curves of

colupulone and lupulone, respectively. Adhulupone,

postlupulone, prelupulone and adprelupulone were quan-

tified using the calibration curve of adlupulone. Prehumu-

lone and adprehumulone were quantified using the

calibration curve of adhumulone. Since DAD limited in

identifying cis- and trans-isomers, cis-iso-a-acids were

quantified by trans-iso-a-acids using HPLC–MS–MS.

For preparation of calibration curves for DAD analysis,

each standard was dissolved in ethanol. The concentrations

for isoxanthohumol and xanthohumol were 2, 4, 5, 8, 10,

16 and 20 lg/mL; 8-prenylnaringenin and 6-prenylnarin-

genin were 0.2, 0.4, 0.5, 0.8, 1, 1.6 and 2 lg/mL; ICS-I3

were 10, 25, 50, 100, 125, 150 and 200 lg/mL; ICE2 were

25, 50, 100, 125, 150, 175 and 200 lg/mL. These standards

were analyzed in triplicate using HPLC–DAD and the peak

areas were collected at different wavelength for quantita-

tion of iso-a-acids (276 nm), 8-prenylnaringenin,

6-prenylnaringenin and isoxanthohumol (292 nm), a-acids

and b-acids (330 nm) and xanthohumol (368 nm), respec-

tively. For quantitation of cis- and trans-iso-a-acids by

HPLC–MS–MS, ICS-I3 was also prepared as five con-

centrations (8, 16, 32, 64 and 96 lg/mL) for determination.

All calibration curves were obtained by plotting concen-

tration ratio against its area ratio, with the regression

equation and correlation coefficient (r2) being calculated

automatically. The contents of prenylflavonoids and hop

bitter acids in surplus yeast (lg/g) were quantified using

the following formula:

Cðlg=gÞ ¼
ðA�bÞ

a
�V�f

recovery�Ws

A peak area of prenylflavonoid and hop bitter acid, a

slope of calibration curve, b intercept of calibration curve,

V volume of extract, f dilution factor, Ws weight of sample

(g).
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Statistical analysis

All the analyzes were done in triplicate unless otherwise

stated, and the data were subjected to analysis of variance

(ANOVA) and Duncan’s multiple range test for mean

comparison (a = 0.05) by using SAS (2016).

Results and discussion

Improved method for simultaneous separation

of prenylflavonoids and hop bitter acids

In our previous study (Kao and Wu 2013), we developed a

method that can analyze 12 components. However, it required

further improvement because typically more components

need to be tested. In this study, we reassessed the column types

(including Vydac 201TP54 C18 5 lm, HyPURITY C18 5 lm

and 3 lm) as well as the gradient of mobile phase. The results

revealed the following separation conditions: a Thermo

Hypersil-Keystone HyPURITY C18 column (150 mm 9

4.6 mm I.D., 5 lm) and a mobile phase containing a phos-

phoric acid aqueous solution at pH 1.6 (A) and acetonitrile

(B), and with a gradient showed in the section of ‘‘Chro-

matographic conditions’’ in Materials and Methods.

Regarding wavelength selection, according to literature

(Stevens et al. 2003; Intelmann et al. 2009; Wilhelm and

Wessjohann 2006; Kao and Wu 2013) and actual detection

results, iso-a-acids was quantified at a wavelength of

276 nm, 8-prenylnaringenin, 6-prenylnaringenin and isox-

anthohumol were quantified at a wavelength of 292 nm, a-

acids and b-acids were quantified at a wavelength of

330 nm, and xanthohumol was quantified at a wavelength

of 368 nm. Simultaneous separation was performed at

292 nm because the test compounds showed appropriate

absorption at this wavelength.

Figure 1 shows the HPLC–DAD chromatograms of

standards and samples, and Table 1 shows the separation

parameters of each peak. The results indicated that the a
values of all peaks were higher than 1, and their k values

3029282726252423222120191817161514131211109876543210

70

65
60

55

50
45

40

35
30

25

20
15

10

5
0 RT [min]

201402206.DATAmV

1

2
3

6

24, 25

2322
21

18

16

17
15

13, 14

11, 12

9, 10
7

5 20

19

4

2826242220181614121086420

70

65
60

55

50

45
40

35

30

25
20

15

10
5

0 RT [min]

2014083018.DATA [292.00 nm]
Dif ferent Y units

1

2 3

5
9

11

13

15

16

17
21 22

23

(A)

(B)

Fig. 1 HPLC–DAD chromatograms of prenylflavonoid and hop bitter acid standards (A) and surplus yeast extract (B) by employing the method

developed in this study. Chromatographic conditions were showed in the text. See Table 1 for peak identification. Detection wavelength was
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were between 1.81 and 17.28, which showed the resolution

and separation time were appropriate.

Component identification

Although 21 types of components were discovered by

DAD, there only 13 components (isoxanthohumol,

8-prenylnaringenin, 6-prenylnaringenin, xanthohumol,

trans-isocohumulone, trans-isohumulone, trans-isoadhu-

mulone, cohumulone, humulone, adhumulone, colupulone,

lupulone and adlupulone) could be identified by comparing

their absorption spectrum with that of the standards. The

remaining components which without standards for com-

parison further identified by mass spectrometry.

During the ionization process of mass spectrometry, we

found that the positive mode was discovered to possess

satisfactory collision capacity and high sensitivity for

prenylflavonoids (peaks 1–3 and 5). Conversely, the neg-

ative mode was more suitable for the ionization of hop

bitter acids (peaks 4 and 6–25) (Fig. 2). In the literature,

the positive mode (Zhang et al. 2004) and the negative

mode (Intelmann et al. 2009) were used for the ionization

of hop bitter acids. Hofte and Hoeven (1998) noted that if

the mobile phase contains an acidic aqueous solution, the

negative mode has higher sensitivity for hop bitter acids.

However, these studies have only focused on hop bitter

acids, and their separation systems did not analyze pre-

nylflavonoids. The advantage of this study is the use of a

HPLC system that simultaneously separated prenyl-

flavonoids and hop bitter acids. Subsequently, the identi-

fication of the two functional components was performed

through distinct ion modes of MS, and the MS-MS spectra

Table 1 Retention time (tR), retention factor (k), separation factor (a), peak purity and analytical precision of prenylflavonoids and hop bitter

acids in surplus yeast

Peak No. Compound tR (min)a Retention

factor (k)a
Separation

factor (a)ac
Peak purity

(%)b
Intra-day variability

RSD (%)d
Inter-day variability

RSD (%)d

1 Isoxanthohumol 4.64 1.81 1.73 (1, 2)b 99.6 3.56b 2.39b

2 8-prenylnaringenin 6.82 3.13 1.37 (2, 3) 99.3 7.23b 7.67b

3 6-prenylnaringenin 8.71 4.28 1.06 (3, 4) 97.6 3.27b 3.47b

4 Cohulupone 9.16 4.55 1.09 (4, 5) 98.5 3.16b 1.61b

5 Xanthohumol 9.82 4.95 1.02 (5, 6) 88.0 1.52b 0.68b

6 Hulupone 10.00 5.06 1.14 (6, 7) 99.3 2.26b 0.78b

7 Adhulupone 11.20 5.79 1.16 (7, 8) 97.6 7.24b 4.30b

8 Unknown 12.55 6.60 1.14 (8, 9) –e – –

9 Trans-isocohumulone 12.71 6.70 1.06 (9, 10) 97.6 8.00a 8.49a

10 Cis-isocohumulone 14.30 7.67 1.01 (10, 11) – 6.56a 5.76a

11 Trans-isohumulone 14.46 7.76 1.04 (11, 12) 96.1 5.44a 8.34a

12 Cis-isohumulone 14.93 8.05 1.02 (12, 13) – 1.45a 2.03a

13 Trans-isoadhumulone 15.22 8.22 1.05 (13, 14) 95.7 1.77a 2.80a

14 Cis-isoadhumulone 15.86 8.61 1.13 (14, 15) – 1.81a 1.65a

15 Cohumulone 17.67 9.71 1.15 (15, 16) 99.0 6.63b 3.22b

16 Humulone 20.11 11.19 1.03 (16, 17) 99.7 1.37b 1.02b

17 Adhumulone 20.63 11.50 1.11 (17, 18) 94.8 2.47b 2.09b

18 Prehumulone 22.71 12.76 1.01 (18, 19) 94.1 2.71b 8.85b

19 Postlupulone 22.87 12.86 1.01 (19, 20) 99.7 8.82b 9.74b

20 Adprehumulone 23.02 12.95 1.09 (20, 21) 97.1 3.38b 6.67b

21 Colupulone 24.90 14.09 1.07 (21, 22) 98.1 3.15b 2.51b

22 Lupulone 26.64 15.15 1.02 (22, 23) 97.1 3.77b 3.45b

23 Adlupulone 27.12 15.44 1.10 (23, 24) 94.5 4.43b 4.70b

24 Prelupulone 29.62 16.95 1.02 (24, 25) 99.4 8.23a 8.55a

25 Adprelupulone 30.16 17.28 1.02 (24, 25) 93.5 4.69a 6.75a

aData collected from HPLC–MS–MS
bData collected from HPLC–DAD
cNumbers in parentheses represent values between two neighboring peaks
dRSD% = (SD/mean) 9 100%
e‘‘–’’ Data not available
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and fragmentation structures for each peak were showed in

(Fig. 3).

Table 2 shows the UV spectrum and mass spectrometry

data for each peak, where in peaks 1–3, 5, 9, 11, 13, 15–17,

and 21–23 were confirmed through comparison with the

MS spectra and MS–MS spectra of the standards. In

addition, the fragmentation outcomes provided by this

research, which were not presented in the current studies,

further enhanced component identification. The remaining

Fig. 3 Tandem mass spectra and fragmentation structure of prenylflavonoids and hop bitter acids in surplus yeast extract
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Fig. 3 continued
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components without standards for comparison were iden-

tified as follows:

Peak 4 had maximum absorption wavelengths of

256 nm and 324 nm, which were similar to the main

absorption wavelengths of 255 nm and 327 nm of cohu-

lupone, as measured by Haseleu et al. (2009). Its molecular

ion was m/z 317 [MH]-, which was consistent with the

results of Garcı́a-Villalba et al. (2006) and Haseleu et al.

(2009) MS–MS spectrum revealed the presence of m/z 248,

205, and 180, which was similar to the results of Haseleu

et al. (2009). Thus, Peak 4 was determined to be cohulu-

pone. In addition, it was further speculated that the ions at

m/z 248 were [MH-C5H9]-, whereas those at m/z 205 were

[MH-C5H9-C3H7]- ions.

Peaks 6 and 7 had maximum absorption wavelengths of

256/328 nm and 256/324 nm, respectively, and no litera-

ture is currently available for comparison. Both had a

molecular ion of m/z 331 [MH]- and were thus speculated

to be the isomers hulupone and adhulupone (Haseleu et al.

2009; Garcı́a-Villalba et al. 2006). However, hulupone has

a higher polarity than adhulupone, hence their elution

orders differ in reverse phase chromatography. Thus, Peaks

6 and 7 were hulupone and adhulupone, respectively. It

was further speculated that the ions at m/z 262 were [MH-

C5H9]-, whereas those at m/z 210 and m/z 205 were [MH-

C5H9-C3H7]- and [M-H-C5H9-C4H9]- fragment ions,

respectively.

Peak 8 did not appear in the DAD chromatogram.

However, MS analysis indicated that its molecular ion was

m/z 302 [M ? H]?, and MS/MS showed the presence of

m/z 302 and 284. Literature comparison yielded no definite

results, thus, Peak 8 was still an unknown component.

Peaks 10, 12, and 14 did not appear in the DAD chro-

matogram (Fig. 1), and their molecular ions and MS/MS

fragments were identical to those of peaks 9, 11 and 13.

Thus, they were speculated to be isomers of each other.

Isomer analysis revealed that their fragments were similar

to those discovered in the literature (Česlova et al. 2009;

Intelmann et al. 2009). Intelmann et al. (2009) discovered

that the response of specific fragments exhibited distinct

between isomers. For example, trans-isocohumulone

showed more m/z 329 fragment than cis-isocohumulone,

trans-isohumulone showed fewer m/z 343 fragment but

more m/z 235 fragment compared with cis-isohumulone,

and trans-isoadhumulone showed fewer m/z 343 and 247

fragment compared with cis-isoadhumolone. Based on the

aforementioned characteristics, peak 10 was identified to

be cis-isocohumulone, whereas peaks 12 and 14 were

identified to be cis-isohumulone and cis-isoadhumulone,

respectively.

The spectrum, molecular ions, and MS/MS fragments

were the same between peaks 18 and 20 as well as peaks 24

and 25, which is consistent with the identification data for

the prehumulone/adprehumulone and prelupulone/adpre-

lupulone described in the literature(Česlova et al. 2009;

Intelmann et al. 2009). However, prehumulone and pre-

lupulone have higher polarity than adprehumulone and

adprelupulone. Thus, peaks 18, 20, 24 and 25 were iden-

tified to be prehumulone, adprehumulone, prelupulone and

adprelupulone, respectively. In addition, it was further

inferred that the ions at m/z 306 and 315 were [M-H-

C5H9]- fragment ions.

The molecular ion of Peak 19 was the same as that of

postlupulone (Česlova et al. 2009; Intelmann et al. 2009),

whereas the MS/MS fragment of Peak 19 was the same as

that described Česlova et al. (2009). Thus, Peak 19 was

determined to be postlupulone. In addition, it was further

speculated that the ions at m/z 316 were [MH-C5H9]-

fragment ion.

The results of the relative mass difference (RMD) fur-

ther demonstrated that the RMD of all the components was

less than 10 ppm (Kaufmann and Walker 2012), which was

within the acceptable range, showing a high conformity in

peak identification.

Method validation

Precision

Table 1 shows the RSD (%) for intra-day and inter-day

variability of prenylflavonoids were 1.52%–7.23% and

0.68%–7.67%, respectively, whereas those of hop bitter

acids were 1.37%–8.82% and 1.02–9.74%, respectively.

The precision results from current studies were focused on

beer or hop samples. Stevens et al. (1999) analyzed pre-

nylflavonoids in beer and hop and showed that the RSD

(%) for intra-day and inter-day variability of prenyl-

flavonoids were 3.8%–7.9% and 3.9%–11.4%, respec-

tively. Vanhoenacker et al. (2004) showed that the intra-

day variability of hop bitter acids in beer was 4.5%. Jaskula

et al. (2007) discovered that the intra-day variability of a-

acids and iso-a-acids in beer and hop were 1.4%–4.3% and

0.7%–2.0%, respectively. The outcomes from our study

demonstrated that this method possessed satisfactory pre-

cision in beer brewing byproduct sample.

Detection limit, quantitation limit, and recovery

Table 3 shows the detection limit (DL), quantitation limit

(QL), and recovery of each component detected by DAD.

Similar to precision data, the results from current studies

were focused on beer or hop samples. Česlova et al.

(2009) showed that the DL of isoxanthohumol, xantho-

humol and hop bitter acids was 0.02, 0.02 and 0.1 lg/mL,

respectively, and their QL in hop was 0.06, 0.06, and

0.3 lg/mL. Jaskula et al. (2007) showed that the recovery
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of iso-a-acids on beer was 82.8%–88.9%. Intelmann et al.

(2009) indicated that the recovery of isoxanthohumol,

xanthohumol, cohumulone and colupulone in beer was

95%, 94%, 94% and 100%, respectively. The results of

this study are similar to the aforementioned results, and a

high recovery (82.6–99.7%) was found for all detected

components.

Variety and content of preylflavonoids and hop bitter acids

in surplus yeast

Most studies have analyzed prenylflavonoids and hop bitter

acids in beer and hop, and have discovered that the content

of hop bitter acids in beer and hop is higher than that of

prenylflavonoids (Stevens et al. 1999). The main types of

prenylflavonoids in hop and beer are xanthohumol and

isoxanthohumol, respectively (Intelmann et al. 2009). The

main type of hop bitter acids in hop is a-acids and their

derivatives, whereas the main types in beer are iso-a-acids

and their derivatives, where in the cis-isomer content is

higher than the trans-isomer content (Česlova et al. 2009;

Intelmann et al. 2009; Haseleu et al. 2009; Garcı́a-Villalba

et al. 2006; Stevens et al. 1999). This study also found the

same result for SY, wherein the total content of hop bitter

acids was higher than that of prenylflavonoids, with a

difference of up to 7.1 times between both components

(Table 4).

Isoxanthohumol was found to be the main prenyl-

flavonoid, whereas the composition of hop bitter acids was

relatively complex, wherein the difference between the

total amount of a-acids (trans-isocohumulone, cis-isoco-

humulone, trans-isohumulone, cis-isohumulone, trans-

isoadhumulone, cis-isoadhumulone, cohumulone, humu-

lone, adhumulone, prehumulone and adprehumulone) and

b-acids (cohulupone, hulupone, adhulupone, poslupulone,

colupulone, lupulone, adlupulone, prelupulone and adpre-

lupulone) in SY was insignificant. Humulone and hulu-

pone were the a-acid and b-acid, respectively, with the

highest content. Isomers accounted for approximately

26.9% of a-acids. Cis-isomer content was higher than

trans-isomer content, which was similar to that in hop and

beer, and approximately 61.5% of b-acids were oxidized

to hulupone derivatives (cohulupone, hulupone and

adhulupone).

Related studies have noted that during the brewing

process, cohumulone, humulone and adhumulone are

extremely susceptible to temperature, an increase in pH

value, and UV irradiation, which result in the formation of

cis- and trans-isomers (Höltzel et al. 1996). In the presence

of oxygen, b-acids are transformed into a large number of

hulupone derivatives (Van Cleemput et al. 2009). SY is a

byproduct of fermentation, thus, xanthohumol and a-acids

that originate from hop may isomerize into isoxanthohumol

and iso-a-acids, respectively. Although alcohol fermenta-

tion occurs under anaerobic conditions, SY may be

exposed to air after its separation from beer, thus producing

a large number of hulupone derivatives.

Table 3 Detection of limit, detection of quantation and recoveries of four prenylflavonoids and nine hop bitter acids

Peak No. Compound LOD (lg/mL) LOQ (lg/mL) Recovery (%)a

Lowb Highc Means (RSD%)d

1 Isoxanthohumol 0.05 0.15 96.4 98.8 97.6 (1.7)

2 8-prenylnaringenin 0.04 0.12 98.1 93.5 95.8 (3.4)

3 6-prenylnaringenin 0.04 0.12 95.2 91.4 93.3 (4.6)

5 Xanthohumol 0.05 0.15 94.1 90.1 92.1 (0.6)

9 Trans-isocohumulone 0.12 0.36 91.1 84.7 87.9 (2.3)

11 Trans-isohumulone 0.10 0.30 83.0 82.1 82.6 (1.0)

13 Trans-isoadhumulone 0.15 0.45 93.3 94.6 93.9 (2.8)

15 Cohumulone 0.08 0.24 98.5 97.7 98.1 (1.7)

16 Humulone 0.08 0.24 86.4 84.2 85.3 (1.3)

17 Adhumulone 0.15 0.45 93.0 87.9 90.4 (2.3)

21 Colupulone 0.10 0.30 95.1 91.8 93.5 (1.2)

22 Lupulone 0.15 0.45 90.00 91.7 90.9 (2.4)

23 Adlupulone 0.15 0.45 104.0 95.3 99.7 (3.5)

aRecovery (%) = (amount found – original amount)/amount spiked 9 100%
bLow: surplus yeast was spiked with standards at low concentration level
cHigh: surplus yeast was spiked with standards at high concentration level
dRSD%: (SD/mean) 9 100%
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Conclusion

In this study, our developed method was used to simulta-

neously separate 4 types of prenylflavonoids and 20 types

of hop bitter acids and their derivatives, although one

component was still unknown. This system possessed sat-

isfactory resolution, accuracy, and precision, and can

simultaneously separate two major categories of compo-

nents within a short time. In addition, SY was further

verified to be mainly composed of hop bitter acids, and

isomers and oxidation products were found in SY. This

study not only strengthens the currently inadequate mass

spectrometry data for prenylflavonoids and hop bitter acids,

but also provides the basis for the development of brewery

byproducts as functional products.

Acknowledgements This study was supported by a Grant (MOST

103–2221-E-030–014) from the Ministry of Science and Technology,

Taiwan.

References
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