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Abstract: To enhance the quality of Cyperus esculentus L. and diversify its product range while promoting multi-level uti-

lization within its industry, Cyperus esculentus L. meal obtained post-oil extraction was employed as the raw material to
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develop a probiotic beverage via enzymatic hydrolysis coupled with fermentation. The beverage's quality characteristics
were subsequently evaluated. Initially, optimal enzymatic hydrolysis and fermentation conditions were determined based on
reducing sugar content and viable probiotic counts as indicators, employing single-factor and orthogonal experimental
designs. Changes in physicochemical properties, antioxidant activity, and volatile compound composition during fermenta-
tion were monitored. The results indicated that the optimum enzymatic hydrolysis parameters were a cellulase concentra-
tion of 4%, a hydrolysis time of 3 hours, a temperature of 55 °C, and a pH of 5.5. A subsequent verification experiment
yielded a reducing sugar content of 5.17 g/L under these optimal conditions. The optimal fermentation conditions were
determined to be a temperature of 37 °C, a duration of 36 hours, a solid-to-liquid ratio of 1:6 (w/v), and an inoculum size of
10% (v/v). A validation experiment using this optimal protocol resulted in a final viable probiotic count of 1.10x
10° CFU/mL. Lactic acid fermentation significantly decreased the beverage's pH, total sugar content, and fat content, while
markedly increasing soluble dietary fiber content, total phenols, total flavonoids, and reducing sugar content (P<0.05).
Consequently, antioxidant activity was significantly enhanced post-fermentation compared to pre-fermentation levels
(P<0.05). Noticeable difference was observed in the volatile compound composition between the pre-fermentation and post-
fermentation stages. The levels of nitrogen oxides, sulfides, and methyl compounds demonstrated a clear elevation after fer-
mentation, the fermentation process contributed the distinctive flavor profile that was typical of lactic acid bacterial fermen-
tation. The enzymatic hydrolysis coupled with fermentation process significantly improved the flavor profile of Cyperus
esculentus L. meal and enhanced its nutritional properties, providing technical reference for the development of novel plant-
based probiotic beverages.

Key words: Cyperus esculentus L. meal; enzymatic hydrolysis; fermentation; flavor compounds; nutritional quality;
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H]; MRS Biifiglige st dbat s 2o nw]; 1,1- 8
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P B RO E VS HI 2 37 °C Loy, TR FL PP B,
TE 37 C Bigefarh it & e .
1.2.2 [ M BRI T 20k B T 2004k LIRS
J& P IA SO 5 B R FE bR, P8 SR I T R R B 1Y
RI2% . &8 BRI 45 °C . MR ] 2.0 h. [l
pHS5.0, EFRLF 4 R AN b 14351k 2.5 3.0, 3.5,
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55 8152 LT 4EZR BN EE A5 4.0 (m/m, %) . Tifgfre At Ta]
2.0 h. Wi pH5.0, T & AN [F g IR EE 35, 40, 45,
50. 55. 60 °C HEATSL50; [& 5 £F 4k 3= g i i b )
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Table 1 Orthogonal experimental design of the enzymatic
hydrolysis process Lo(3*) factors and levels
K — By— -
A B (m/m, %) B: BEF#ITE] (h) - C: BEfFIREZ(C) D:pH
1 4.0 2.0 50 4.5
2 4.5 2.5 55 5.0
3 5.0 3.0 60 5.5

KT A IS BB TERR, 585200 A 1
TZRIHER . [EE A IERTTE] 30 h, [EEE 1:8, #Fp

(SN

WL 8(v/iv, %), PEPE R IR E A 33, 35, 37,
39. 41, 43 °C PHA75L5%; [ REREE 35 °C. B’
e 1:8. BEAPERIN L] 8%, 5 A& R IR] 4351 6.
12, 18, 24, 30, 36 h 47 I 4w s [E & & iR &=
35 C. & mrtE 30 h, B FPE I EL B 8(viv, %),
PEPE 6 FPEIME LA 1:6. 1:8. 1:10, 1:12, 1:14,
1:16(my/v) $EFT S50 B2 R BRI EE 35 °C. KRS
[f] 30 h, [EH L 1:8,3% 4. 6. 8. 10, 12, 14(v/v, %)
MBI RPN LU TR G R % . B 55 DA L DUASE
SIS TR BB S, AR IR B SN
KA FRA P B S, 456 IERCIRIG XTIk T 2347
Ak, RIZEIKSE L 2,

22 KRBETZ Ly(3Y)IECIAE I F K FT
Table 2 Orthogonal experimental design of the fermentation
process Lg (3%) factors and levels

(SES
KV A KBEREE B BRI CERE D: BRI
() (h) (m/v) (v, %)
1 35 24 1:6 10
2 37 30 1:8 12
3 39 36 1:10 14

1.2.3 WEFSEMNE RS ES% Du %012
M T AR . B S BERR RS, SRS TE 6000 1/
min B0 15 min JFHCLWEW 1.0 mL T8 o
A 2.0 mL DNS #W, IR G505 T Kia bz
K7 3 min, I EHAE 540 nmAEK OGRS, ACABRAE £
y=2.6487x+0.0361, R>=0.9927, 15 FI| £ it i JFOH 5
e,

1.2.4 REESERPIEEEMINE S X S
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B EEMR MG R Gl e . 68 3 MELLEEE N
WERRIE, £ R EE B 1 mL S5 AURE IR =0
PREFFR ML, LGS B KR H S B IR IR,
BEFRINLF 37 °C B IR NIE IR 72 h, e b A1 5%
4geit.

1.2.5 pH ffif] pH il pH,
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1.2.6.1 Jgi&a  HRHE GB 5009.6-2016 & fhZe 4
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LT PHIE [ I RS S, SRS S s ik
PEATINE o R 25K B e 1) 25 138 VB8R L, K
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AR AR AW, B IR 0.1 mL, S35 iA 5 mL
25 s WYL O, AZRIR/K LA X B IR S5 T
30 min PIAEHAE 595 nm LAWY, HIFSFRiERT
28 y=0.415x+0.0085, R*=0.9947; KB AE  FFRES
TS U, B I RGOS FER R, $4 R A E A5 3]
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JE M 0.5 mLA KR (1 B I 4k Z2 4 30 min, H
1 mol/L HCI #E WM pH & 4.2~4.6, 14 +E 01 hn
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T R B 2 A T A B, W ISR 5 mL AR,
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4% NaOH %% 5 mL, 0.4 mL 30% Y ZEEEW, 1R
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20 mmol/L ) DPPH K, & B 2500 J5 B HIs R,
P R EERRRE 2 4% . WU RE)G &l 1 mL 5 2 mL
DPPH %R S n SR A #E'G SN 30 min, JI5E
517 nm FAYIKSGREE, R — WK, DPPH H i 3LH bk
Fpa ()

DPPH [ Hi 5615 B2 26(%) = (1 - AXCAJ ) % 100

X
P Al SRR --DPPH ISR OGS Aj N
FES R+ TC/K S BRI OGE; Ac S TJG/K £ BE+DPPH
VWG
1.2.9.2 ABTS'H HIIHERIE I09ME  HRYE Zhang
RO 7 BT ARSI . B 7 mmol/L 1Y ABTS %

W5 2.45 mmol/L By MR EP AR SR G145,
ECHCE 12~16 h a8 o BsAa B R
HEIHAE 734 nm ARSEREEN 0.7+0.02, K BRI AE
6000 r/min 50> 15 min Ji7 B 35 W, B ik B2 7 B
2%, KRR S A TR 0.5 mL 5 4 mL ABTS 1 4E
WIRG, TEIEFM T ESGK N 10 min, 7£ 734
nm A SE FOZSGRE . ABTS [ B L5 542 =0(3)
T

Al-A2

ABTS" B B35 BR R (%) = (1— )x 100
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1.2.10 REERTIEIERVER B 5HT
1.2.10.1 HEFTE5Hr  FIFH PEN3 HUH T 5 %) &
RS R DI SUSST B-A TRI 25 00T (3R 3) . Bk
B2 RS AR SR A B 10 mL 28 A SARTI 2 6 5 235
I, TEZVR FOPA 4R 10 min J5TRASHURE . AT
T B ITHLTIEA 30 min, TS H0Ch : SREERTTE] 60 s,
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Table 3 Performance of electronic nose sensors

5 et AT sl 7 R
1 wI1C FFEMSY
2 W5S MAREA Y R
3 W3C XA A Y R, 2
4 W6S YRR
5 W5C PSS R DL
6 WIS X B o R A
7 WIW MRIFREAEY) . AL E Y R
8 w2s KRRy RAH
9 W2W X BT AL AN 5 B s R A
10 W3S X H SRR WAL . Bl R

1.2.10.2 SPME-GC-MS 431 RS @IRE-FE%
B FHASCAT R i & B RTS8 US4 Jo B4 TG>T
G B R RS MORE SRS B 5 mL 2 AT
ZERE S DL, 45 A 1.5 g NaCl {2 pE4% & P ot
W, i % e T E RO 20 min, (A4
fF: (i 4E 8 DB-1(60 mm=0.25 mmx0.25 um); %k
HoNEaiE SR, FiE N 1.2 mL/min, RS
= HERE THRE S 250 °C, WILRTRE S 40 °C, L 2 °C/
min R T E 160 °C, f£IE 3 min, LA 8 °C/min 3%
FFZ= 240 °C, 415 8 min, JRIE &M BTN
EI R, 8 FIEE RN 230 °C, PUBLATFIRE 7 150 °C,
MS L5 IR EE N 280 °C, R AT RE(S
5, B0 EL BT EREE 70 eV, HTHY
JERVEE N 35~400 amu.

it 5 NIST s ZEXT be, 8 S1=85 B AR
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i JH Origin 2021 i 17 & JE 4 il , {# JH GraphPad
Prism 9.4 #E7HIZLE S
2 HBRE5SH
2.1 BEBRRAETIZML
2.1.1 P TR RSO AE I FERH T2, £
A F A INES | Bt E) | AR 2 pH S RN
FEM R 2R, DA IS R & PR SRS 5 s S Fa b, AR P
RESN P01 7 v o B Rt I 7 v G 5 " 2 1 sV -V (0 3
PEE LA TT5N, FEAEIRISA4F, B JEpE & AT 4E 2R
FitE s I L 4G ) 384 i 1 O, b 27 4 R A AN Iy
5% AR, ITASRE IR s 5 i 4.87 /L, YM4T
HEZRWRAF] 4% LU T A, nTReE i T4r4E R
WA, B A 4 R BRI BN 4%, 4.5%.
5%; HHE 1B ], FEARRI ST, Blgf o AR i rhids
JEORE B ek i e EF TR0 004 355 T 3 o, G vl il A )
[E] 24 3 h Bt rAS AL e b & 5 4.99 g/L,
YEFETEEAE] 2 h B, D AR 4R 2R A sy
fRSE4AT, LT IR FH BRI A 2, 2.5, 3 h TS 4E
Ak ARPEIE] 1C TN, FEARRISRAA T, BB 1
T RE Sl PR SO R ST T RRAIR, TR T
itk 3o v R R R D, MBI S 55 °C i iR
A, FIFASAE Sl JFOBE S 18 5.04 /L, [RI M358 FH Pty i
A 50, 55, 60 C = ANEAIK FHIE 1D 15,
i HADZRA AR, B 5 e 5O & BB pH Je T
FEAIG, 24 pH A 5.0 B SR fl, TSR il i DO 27 1>
4.79 g/L, EEHATHI, LT 4R 5GE pH 7E 4.5~5.5
28], R pH4.5. 5.0, 5.5 N ="K F.
2.1.2 [ T2 AR AR A R sl
B gk AT Lo(3%) IE A EE, ST AE Sl i 2 435 51 W
2 4., RYRIIELEF AT, LB DU PR Z S T T2
PRSI T HET Ay TS B> i e B> £ A ZE s
LeAB>pH, FeAERE 1250 LR 4ER BRI 4%, i
fiEeiF1a] 3 h, BEMEIREE 55 °C, pH N 5.5, iEid5HE
S, FEIL TS5 T T AR RE S 10 38 RS & Bl
517 g/L.
2.1.3 KREFT ZPANESIIGLER  ARYRE 2A nT%l,
TEAHFISAE T, B R BRI T e P BRI
PR, XY R BRIy 37 °C B, T ASRE Shis
H ¥R 1.06x10° CFU/mL, B 1t % F & I s 3 35,
37.39 C N = AEMAK; AR IE] 2B ] 1, FEAHH]
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Fig.1 Results of single factor experiments of enzymatic
hydrolysis process

T AR/ NE P ROR 28 5 B3, P<0.05; 18] 2~I41 6 [

FEAE, RIS Sl r I 8B A TR s ] Py e g 1
i, Hodh KRR S 36 h B eI, FRASARE o 775 B B
A 1.03%10° CFU/mL, ¥ & BERT[E] > 24, 30, 36 h
TR ARPRE 2C R, P HA AR ANAE,
FEIVRELIN 1:6 B 1:14 ANEE, 255 s s o 40 [
Le s g N R, A R LR 116 B &, s
FEMTE RSN 1.04x10° CFU/mL, EW Lk 1:6.
1:8. 1:10 = EA/KN; IEl 2D 145, $Eiil HAh 2%
AR, A i o I R R B R A T L A8 P v T i
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Table 4 Results of orthogonal experiments of enzymatic

hydrolysis process
S A: éféfk‘%%%‘»ﬁﬂ B: it [a] C: BRI D: pH TR
HeAl (m/m, %) (h) (c) (gL)

1 1(4) 1(2) 1(50)  1(4.5) 4.72+0.01
2 1 2(2.5) 2(55)  2(5.0) 5.07+0.03
3 1 3(3) 3(60)  3(5.5) 5.11+0.07
4 2(4.5) 1 2 3 4.92+0.03
5 2 2 3 1 4.92+0.05
6 2 3 1 2 4.99+0.02
7 3(5) 1 3 2 4.7240.03
8 3 2 1 3 4.89+0.01
9 3 3 2 1 5.15+0.03
K1 14.90 14.36 14.60 14.87

K2 14.83 14.87 15.15 14.78

K3 14.76 15.26 14.74 14.92

k1 4.97 4.79 4.87 4.96

k2 4.94 4.96 5.05 4.93

k3 4.92 5.09 491 4.97

R 0.05 0.30 0.18 0.04

MUSINE R 14% B, IrisFE 5% s 80k 9.8
10* CFU/mL, #E FH B Fi @8 i Eb 491 2 o0 10%., 12%.
14% = MBAKF-.

2.1.4 KEET ZIEACINIRLE R ARG BN
g AT Lo(3%) IEAC RS, SEEAE I 2 435 51 U,
25, RIEIIRLER, LI EPUR T A BT RN S
HEF Ry R PzA 81> 2 Wit > [ Ee> B A s it A5,
AR REE T2 RERIRE 37 °C. KEZATE] 36 h,
[E LA 1:6. BEFFERITLLGISN 10(v/iv, %) . Bid 5
UESZES, LAne 7 28 R W T AS AL S b G PR 1.10%
10° CFU/mL.

#5 KRBT ZERRES R

Table 5 Results of orthogonal experiments of fermentation
process

! A: K B: K% C:[EWIL D: WFMEM T PR
ST SEEE(C) mHE(h) (V) El(vAv, %) (x107 CFU/mL)

&

1 1(35) 1(24) 1(1:6) 1(10) 88.25+2.68
2 1 2(30) 2(1:8) 2(12) 92.25+4.26
3 1 3(36)  3(1:10) 3(14) 92.75+6.14
4 2(37) 1 2 3 96.25+5.67
5 2 2 3 1 100.33+9.10
6 2 3 1 2 108.75+2.49
7 3(39) 1 3 2 81.75+5.31
8 3 2 1 3 104.67+3.68
9 3 3 2 1 105.50+5.12
K1 27325 26625  301.67 294.08
K2 30533 297.25  294.00 282.75
K3 291.92  307.00 274.83 293.67
kl 91.08 88.75 100.56 98.03
k2 101.78  99.08 98.00 94.25
k3 97.31 102.33  91.61 97.89
R 10.70 13.58 8.95 3.78
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Fig.2 Results of single factor experiments on
fermentation process

B AR 37 °C. B ELR 1:6. BRM SN ELB) A
10(v/v, %) o B & 3 AT, Bl 35 & B ) i 3 4,
pH 2B P (P<0.05), MWIIAINZ) 5.90 F
B2 3.74, iX—A8 {3 I R R A vh R ) T 1 AR
8, FEREH TR AR LR TR . FLIR A
TER BRI R, 23R AR o KA G Ve A 1%
JEM, rEAERLER . LR . TITR LA S At AN LR BRI
FLAR Y BRI R ™, 1 iR A ) pH AWk
%o SUbEIE, 36 B ECAE K BEWIH 0~6 h AHXTEAIL,
J& FE Y, Bl )5 B S TR] R HERS, 16 B B S T
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Bl 3 REEIARD pH(A) | IERHE(B) AL
Fig.3 Changes of pH (A) and viable cell counts (B) during the
fermentation process

(P<0.05), JuHAE 12~18 h i8], x2 &%, LRSS
SENL TS, BRI, Feor R T K
Wb s R, AR FLIR AR T Y. RS
30~36 h HH T F=Y LA FER AR E B FLR
SHMRNIHA R, P DAL B S5 3 B pai s, (th £z it
BTV, X — IR WHEW D T FLRR T R L FE
AR EI, S5 R TR R T pH AR AR )
23 REHIIEPHEZEEMMBR S O

Kl AR p i IR T W 6. BEAE
KRS AT RE 0, BB W5 2 B B T 0T & fe 2y i 2B KA
(P<0.05), AT ERE ELr g g, 7k i 2
o, BRI & BEZEE R REIT A TP 22, Bl ih 1.22+
0.02 g/100 g F&Z= K5 1.03+£0.01 g/100 g, H/NiF
BT AT BB & WA A v LR BRI I 1 R A e
1k, FLIR PR S R s R AR UV E A e =2k
FLARHE PO, BB S B FERT 30 h R,
JE ) 30~36 h & T P2, B &M 7.69 g/L(0 h)

F 6 KEESREP IR

Table 6 Changes of physicochemical properties during the
fermentation process

KR (h) AR (g/100g)  FAM(gL) FIEHREELF4E(gL)
0 1.2240.02° 7.69+0.07° 0.30+0.006"
6 1.18+0.02° 7.32+0.02° 0.33+0.007°
12 1.17£0.02 6.87+0.04° 0.35+0.013¢
18 1.11£0.04" 6.18+0.08¢ 0.43+0.009¢
24 1.05£0.02% 5.11£0.03¢ 0.47+0.013°
30 1.04+0.02¢ 4.39+0.12" 0.50+0.006"
36 1.03+0.01¢ 4.24+0.11° 0.5340.013°

TE: RS R NG T RERR 28 57 B3, P<0.05,

TREZE 4.24 /L, 3 FAER BERL R T, ZLER B 7T
REFHER ABRE N RIS A K AR, S8EEAHR
TR, AN, TR LR ph HA R R TE T,
BT AT REFERVE A ™ & A 7K i, AE 22 Bkl S 3R,
FECE I FREP, SDF &y BTl RESRFLIR pR &
B A AN R I B 4T dk s i, AR R e b il %
MG E A4S R AW

24 REIREFRTSEREMER B

2.4.1 RBEMGRERES R RS RE D, S
AN E 4(A) i, B2 IR R R
e, FE 0~36 h P, S-S S LT URET Y 48.49 g/
L W3 TR 30.71 g/L, ZAL BA Grita 2 L (P<
0.05). TE 24~36 h Wia], BB &N/ ME T . Ut
HRGR1 J F YA PR T LR PR ) R I, e AT TR
R PREW AR RV R R LATH 2 B B B AR S A RIS
Ko MR, IR, AR RELIR | BSIR I O EEAE
AR, SO 0T AR, PO 55 B RIS
bbAh, FLR I B 5 UL T pH FEAIK, $IKHY
pH HBEIR AT GBI BRI AR50 43 o

50 a

. b

2 45¢
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&z d
=

B35+
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30}
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R EERTTE] (h)
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Fig.4 Changes of total sugar content (A) and reducing sugar
content (B) during the fermentation process

K TR P A IR B i ARtk ks S an 181 4(B) ir
7No TE 0~6 h PN, i85 & 5 N 8.26 g/L Hiim T K%
% 8.01 g/L(P<0.05). #RWM, 7E 6~30 h H[a], it 5k
S B BT, IFHE 30 h IxBRCKRME 12.71 g/L, BfiJa
SMORNBRZE 11.49 g/L, KBV, ZLAR AL TiE M 5
AR Y B, HOHA JEORE Y T FE R e, S 80A R R
Tl . E 6~30 h BHE], FLIR B X & BRI IE A
TG B 2T 455 2SS R i oy e 3 T R s
A B, M IA JEOE S iz i L, e b =4
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2026 4F 7 A

B OB R LR P A, B E B FCR [

2,42 BB ABEEE R . mEEY RN
B EE Y, HEA PR | Pl Fp

O A IR S5 DI RE, 1 284 oa -t ol 25 52 0 2 ) 11 (4,
PERUARZH AP UniE 5 BroR, & gt i Hh e iy A
TR AR A S I 2 T 1A A (P<0.05) , FE KR I
FFHEET, Sy &k 191.34 me/L, T 5 LS o B )
T2 266.14 mg/L; S el iy & EAR L 5 A& i
ARAEARRL, AN 162.5 mg/L H§INZE 188.75 mg/L. iX ]
B2 TrEZLRR R R B f D, 85 GAEimdb Ry
Py A RIS B A ARSI 25, IINT 38U IR
F R R R B R T AR AR v, S
T, DTS SR b 4 B 2RI RIS ) o A i i
FAL B Gy e Ie =, teah, Rz b=zl
12 S5 AT MR BB RIS R B 17 pHL, (30 53 T SR
HsI IS o o 5 s i ELAS 2 e, AT AR JH B 5 AT T
e,

a
260 f /*

0 6 12 18 24 30 36
KHERFR] (h)

b/*}b,—g

0 6 12 18 24 30 36
RIEITT] (h)
K5 REGSEDAEEEA) ., SRS EB) L
Fig.5 Changes of total phenols content (A) and total flavonoids
content (B) during the fermentation process

2.5 SETPEMARBRIEIMENIENE

A58 = DPPH Fl ABTS™ [ Hy 25 75 B i
SEEG, YRUHMTS S R A K TR e U A BRI 19
A5fk, GERANE 6 Fras, LIRS HRE i T e e
B YR SR Y DPPH Al ABTS' [ H E0E G RE
J1o 5ABERTA L, K EIE 0 R E DPPH H
H. ABTS™ A ISR RS T 5.71%. 5.30%,
IREE RN, K R T T AR P E kR T,
Hodp, Préafeif vk 220k 1 T2 M2 b 54,
SaTmiarss b A B R P i 2 By . ARSI S
YT A, PR S B8R R AR T &

PRI PERGSR A — DN E B Ak, Tk
B AP FLIR B 2™ A —Le BAT U ATn PR A T, 1
AR | S S A A, I S B

100 . b a  COKBEAT
b ey
— 80+
S
&
P
o404
=
T 0t

0
DPPH [ 3L FRH  ABTS™H MG FRR
VAR T
K6 KBrhiEhreE itk

Fig.6 Antioxidant activity before and after fermentation

2.6 MRS Hr

2.6.1 HWFLSHT BT HTE IS EIANE 7 R,
KWEE W5S. WIS, WIW Fll W2S 1% 3#% it nig W7 {E
B S e T A 6 FiMLIERER, X ] AL TR 5 1 vb SOk
MR MR Th R . S . b DA
eSS R AR e T A . e AUE LR
YA S BT R B, X ] RS AR R R P AR
T B IRAF 43 G A, W1S Fl W2S Y
mig (UL EE S, X UGB LR B & I R rh ids r e 2
T /RS B R B S, (A5 R BRI AL
7 NEEE Y 1aal

— KR
/WSS KBS

- RIERT (A)
KT (B)

PC2 (12.4%)

:6 7'4 :2 0 é éi é
PC1 (78.6%)
7 F B R TR i SR 17 {7 S 14
K PCA 43#t
Fig.7 Radar chart and PCA analysis of electronic nose
response values to Cyperus esculentus L. meal before
and after fermentation
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TS ARG 45 SR PCA 3 A& B aniE 7 o,
PC1 Fll PC2 4355 78.6% Fil 12.4%, Fij A~ 55
P 222 AR BT 91%, X 3 B H AT AU e e iin 4
BRI 22, MK 7 TRl LUE B, P REAS i 404+
Sy, ANAFLERC AR, X UL R AT S T SR i 44
K AT AR B 22 5%, X T BE R FLIR A TRt f H =
A 1A R XU ) o 3 ) o

2.6.2 SPME-GC-MS 48t i/ SPME-GC-MS 43
BT SR R T S B R MR R, GC-MS Kl 25
R hrifElE NIST Ko R)5, P SI>85 Mg R, &
W H B3 e A B W S AR S i DL 7. FREERTT
LG Y, RIS 1 XU 0T B 43 25 540k, 22811
RUERY R A T — 8 B . R AT AT 5 R
Hh LRI Y 39 FRE A MY R, Hi P A FEERZE 2 Fh

KT OISR BRI R M R

Table 7 Content of volatile substances before and after fermentation of Cyperus esculentus L. meal

3] it AT (%)
KT KRG
2,3-T - 1.74+0.19
2- P - 1.93+0.36
[iiES 2- T - 1.05+0.28
3-HI5E-2-T R 0.23+0.01 -
3-FR5E-2-T 0.88+0.23 -
B 0.82+0.05 1.24+0.16
2-FRE-1,5- 9 —ffv-4- - 0.28+0.04
23-T B¢ 0.21+0.03 0.3540.07
IEC 0.37+0.04 0.32+0.03
1- PR - 0.34+0.11
[iF2S 1-2F)F5-3-BE 0.35+0.02 0.49+0.09
2-2H O - 0.35+0.07
1-2F R 0.70+0.04 0.96+0.06
2- T - 0.300.01
1-T-BE 2.56+0.37 3.60+1.02
S 1.22+0.03 -
R 2 e - 3.78+0.58
LIRS IR - 1.12+0.17
5-Z Mk Hk-2- A A SR iR T R 4.22+0.18 3.81+0.25
1Ly 2 PR iR 0.41+0.02 0.25+0.01
. LRA TR - 0.28+0.01
[liEs - "
B ST - 0.55+0.07
Tk de B R 6.54+0.21 -
15-F2-7- A QM SR T 0.72+0.03 -
BEFAR- 1 F e 4B T FE SR 6.09+0.73 -
(3-T- MR -2 ik SR L P 3 ) T- IR i 0.43+0.04 -
Yivd 3.24+0.80 15.78+1.24
L-FLIR - 1.81+0.22
R A7 - 1.00+0.09
ARHIR 1.45+0.16 3.89+0.38
FR 0.4120.01 -
ECkE 0.52+0.06 1.68+0.13
2,4-—HE O b 0.560.01 0.87+0.05
1,5- L BRI e - 0.560.01
4,6- " H Tk 3.04+0.35 2.22+0.49
AHbe 0.62+0.13 0.39+0.10
- — e - 0.33+0.08
S ees 1-P8 - ude 0.47+0.14 4.47+0.71
S-FHL-5- TR 3E-The - 1.12+0.15
2,6,10- = F 3L+ = 2.97+0.19 0.8620.06
3,3,8- = FI L2 Je 0.38+0.05 -
- g 0.44+0.08 -
EZ A —ht 0.40+0.04 -
T-puke 0.28+0.05 -




- 176 - B Tk B 2026 4 7 H
gk
o e AR (%)
R T K
Lik=¢ S N 42.66+1.07 8.27+0.93
4-7 FE-2- WA IR Y - 18.44+1.10
i X 2R 0.31+0.04 -
RATER 2,4- T S5 - 0.46+0.02
FH 420 - 1.86+0.13
AT - 0.33+0.06
3-H A AN - 1.34+0.11
2,5- R HOR H 6.21+1.09 5.33+0.62
I 0.20+0.01 -
W S 0.58+0.10 -
2-FBE T 0.25+0.05 -
2-(3,5-H IR 1% 0.280.04 -
T 1.31£0.19 -
PP | = R ek - 0.52+0.05
L HPEPE 1.03+0.28 2.04+0.17
HoAth 13- 1, sk 2 it 0.63+0.06 -
NININA= GRUT 5 B B ke 56 ) 35 Bt 3.19+0.00 2.07+0.16

T = AREAAG B IE AL EE <85

BEE 7 Fh . BEE 6 Al PRAS 3 A, Bekes 10 AL A

MRIFEIE 2 B 2 6 PR HAB L &9 3 Fh, Hop
HEXT B e e o SR 2 A DY 5 25 (43.25% ), Ho &R
J5(18.41%) . KelE25(9.68%) . HEFL(8.83%) | Mz
(6.23%) FiRZS(5.10%) . i E&EE &G YIZ
FH AR RN, FH AR S e s O EC R PR Pt e
FEHEERMAYULG Y, HonT e S Ae e P Pl
Bymiad R, B S A AU A ISR A BT
SIS AR, B vy 9 FE B PR AT R A IR T
DT T B QK B A B A e T2

TE R P BT 5 SOk P A Y 42 R i & e
KR, For RS 3 Fh BE2S 10 Fh . BESS 6 Bl iR
JE A TP IS O TP ZRERDSARTE 5 PP S 2 BPLL
K HAARA Y 3 Fho Hoh & mnig 4-2.36-2-H
AR, SR LR UL A . 4-4
He-2- SR RL ORI A Ay R I S T A g AU A Jo, G
HAARPIRIFIR, AR B SIS s w5k, 77 4R
AR GBS FLIRAT TR 1 R e AT OG0, LR T & 1
HEA IR RT T LR . R AR H BRAE RIS R
FUE . T AEIE & E  R B RIS, BB HAE
KIS FRIATRE, T4 A T HA ot
3 #Hig

ABFTE B SexH iy SO Al . R T 2T
T Ak, W S B R 254 R - BfEfFERTTR] 3.0 h fiff
fRIRIE 55 C. LFHERTFRIN L] 4% . fif# pHS.S,
Bt A i o] DA™ A2 B0 Z2 (A3 SO, A R T e 2 & it
Pt FIFHZLIR BE A& B2 PH b 0% 1 viys SR B At
B, PR T HOR MR R S, WSO . 22 A AR
T RBERT, KBS AT AN T S i H S
SPME-GC-MS 4387 &8, &85 -5 & BERAH Lk, X

RIS o3 25 S R, R Im RAAAR | sk A
HIAS Y S BRI, I R RS T i T
PO BRI N e FH S22 5 1 5, 310 1 i LIS e A2
W= A B PR LR MO W PR AF RIS Jo S AT
RN 4-LFe-2- RN 5 i . 258 B TR, il
G TR A FLIR U AL BRSO 1 Ihyb A
Ay, A B PTG IR B PUARRTS TEY
[RIAF, 2heste 1 HXUBRARAA:, S 2V TC S P i v =2
AR R TR R, B rdn b J1. A5
SRAITRIAEA R ) A RO L T Bl Ts S, A Bl
TARBERE— T AAMPB R0 b, IR HERA
DiRei i .
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