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Abdtract: In this research, walnut kernel was processed by six types of comminution methods, and walnut oil was prepared by aqueous
enzymatic extraction (AEE). The effects of different types of comminution methods on walnut kernel particle size, oil yield, residual protein and
oil acid value, peroxide value, fatty acid composition and volatile composition were studied. The results show that the oil yield was 54% after
anhydrous colloid grinding and two 3-roll grindings. Walnut oil D (anhydrous colloid grinding and two 3-roll gridings) had higher relative fatty
acid content and lower unsaturated fat content. The volatile components of walnut oil were analyzed by headspace-solid phase microextraction
(HS-SPME) coupled with gas chromatography-mass spectrometry (GC-MS). A total of 56 volatile components were identified. The relative
high proportions of aldehydes, esters and hydrocarbons were revealed by the cluster heatmap. Taken together, the combination of anhydrous
colloid grinding and one 3-roll grinding was better than other methods, allowing continuous crushing of walnut and the production of good
quality walnut oil. The extraction of walnut oil by the aqueous enzymatic method requires the reduction of the particle size of raw material and
the emulsification during crushing. This study provides a support for extracting walnut oil by aqueous enzymatic method and lay a foundation
for accurate and moderate processing of walnut oil.

E[BEEW

R ST X0 R, R 8, 558 K BB DU A it I R R AN TR R 5 Ot e i OS2 0] DA Qe i A8H52,2023,39(2):272-279

ZHAO Huibo, DENG lJiankang, LU Min, et al. Effects of different comminution methods used during aqueous enzymatic extraction on
the quality of walnut oil [J]. Modern Food Science and Technology, 2023, 39(2): 272-279

ks BEA: 2022-03-21

HEWR: At ABIFEE R RIGHEIEE (199A7123H) ; SAHL&ER W SIEReFIIE (215A7102D)

EEENY: BEE (1982-) , 5B, BRITIEM, MxAE: £¥ITIE, E-mail: yanfa yangyuan@163.com

BiEE: BEEE (1975) , &, ESRTEM, MxAE: fRRE¥5T#, E-mail: yangyuanshengjibu@hbyangyuan.com

272



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.2

Key words: aqueous enzymatic extraction; walnut oil; grinding type; quality; fatty acid; volatile components

bk (Jugians regia L) JEFABCEL, ZHFDIRT
R — BHRIREELERIARARMBIZIE, MEIR
s N B S A E RN EA
i BEMIR OUHEAMBMARNTR) « FEMYEE R
W, BAPEL. P, S mNeETE L
SETNEERY,  ONIEIARIT TR

THEHIA EEH OB AN, Rl ekt s
EANBANRIIR, AR RS R E MR .
M F 8 2 AR TR S T ARG .
Ak e 7 R 32 A HEARA IR (Cl6:0) « fHNERR
(C18:0) . Mg (C18:1) . AR (C18:2) Ak
g (C18:3) SEMRIWIR, HaHhol, Rbkidat A AsAEh
FRAAE A BRSO MR T R I A7 A VR A A Ak s
TR, Aef FOLRHRIMAE . %, FA<mEEE
R0, ki & B A PR M A PR
P, F RGeS AR A A R R, R R
G TJEN, DL KAEFEOR A E TR $R bk
o PEEzbkil . R ERE ALk A LR AR
BILNAK K EEH

i L B AR B A T SO R TR R Y
PRKEEEEN, MO B R R 3R T %,
{HE MR A K. VAR s R, H
TEZMEHLRE . SiRAEREAR RS S5
ANHFNNE TR AR 2% . B AR €8
TAIE MR EN, KRNI OR & A%k i
RGO ERE. ITAEsk, KEREERR. B
Bl S LR B EE . HOR R
B TIRRRE

TEKERESEROS RS, Fa B R 22 4 K
/NPT R e S R A B R SR A Ak
TR, 2 0 5 AR 1 AR 2 A Tl LT e M AR S FH ]
A, SR E R Y SRR R, RS TR
REFE AR, AR T B 98 B LR
I EENLIIESE A e g 22, MDA 2 s aE
FEEER . TEAK A B AN AR AL AT DU T 2 R
VI RBESARE, A BT S SRR . S8
MM, H AT 0 7K BE AR =A%k AN [R5 20
R TL RIE, A SCR A Rl 7 A 3% kA=,
IKERESERCZ BRI, WETT T AN RIREE 7 =) 7K i T
2 AR (BRI RRTRRL i
RV RS ) WIS . AT A/ BB
By 7 Sk BRI AL RE, DA ARk BRI
A AR B D T B4 5 Bkl o

1 MR5RE

L1 AR5 A

kA, TAEFR e BRI A BR A F] ;s A
fif (30~60 'C) , TR, Wi, iR, R, W
FELLFRIRA, SRR, IR R A,
A, ToKOEE, B, SRR, WmkdERT, =
AHGE, KO, BACERIRYY, SAMHE, HiEEZ
EAFAFIAR AR FEE (AkaD , Jhatids
SRHABRA s ZHAHH A, Bz (D
R TR AR AT JoKBREREN, RKET A
A4k A FEHT; Veron L ARREEHEF (800 UHb/R)
HE AB JEHIF A F;  Alcalase 2.4L B I 2 (i
(24 AU/g) , w4efs (PED AYHEARARAF.
BREFIRbRIESS, A A4t
12 k4

FE 28 A pH 1f, MiFi) —FER 2 A0 R AR A
Fl; BSA224S BT R, EEZEZ R A F];
GZX-9030MBE £ L W T8AH,  Hig sl A
FRAT; SOX406 BRI IRIREU, 1L ARIEGRERH A
AIRAT; IMS-130A BUTC/KIARES, JRRY T B AL
WA RAT:; GYB-60-6S B E A HHL, iR ER
JESAL) s 105 Y =FRHFEEHL, IR T SRS An
JER S AHBR AT TGL-20000 CR s & 2044 =
Ol IS REAER s SHHW21-420 ALK,
FEETT IR B A PR A F] s IM-80A U 7K AR B
JER 5 T B AU PR 7] ; Master sizer 3000 Z 06k
FESHTA, e SRS IR AT 7820A BUSAH
BRI R S A TR, e E AR
8860-5977B AU AH B BG4 h B A F
WSC-2B B ZEAX, BB A A IR A ]

1.3 RIF =%

1.3.1 A=A A K Bk 4] i
AR, R KA, SR SR Gk
FPRERE s A BRI R Z5 R ED LRSS, B9 E% 1 min,
FrEPEIR 2 min, BH 6% B: B INATKR
TRBERERE— IR C: KAZHRA N TE K B A B A e —
W, FRERYINN =580V E —IR. D:
FARAZ I TC K A BE e — 1k, 43 2 E R
ZHRAT RNV IR . E: KRB KRR 1:2 L

I B

273



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.2

BIRE, AKBAEE—R. F: BB IIATGK
JRARBE TR — K, 13 2 B IERIIFI KR 1:2 B LA
4, 20 MPa =B —K.

43 EL 500 g BERESS T A By Cv D DUANEE L%
FERHAEL 1:2 7K (B ATF RESASINAKD o BEMRACLE:
AR [ AR 14 2 1 8 1) FH 2 350 A A o & 1)
1%0, IIANZESEN AR pH HZE 7.0, ET 50 °C
K5 R 2 ho B4 8 000 r/min &0 10 min.

AR EFIZG R 5 I EEAZ Bk . FLRA. 7KAH
PASCPTIE S DU FP 53, T b R 43 B HE R PR
20 ‘CHR1E, FiH.

132 ¥f2m#r
02 g AFIRRE 7 sURIRE S, I 20 mL 7K, JiE

WIS 2 min, =IREFE 30 min B LEEWR, FHEOE
L PEE A3 AT G T REAZ 38T o
133 g
WA SRR E, FBRA (D THE R,
C ="2%100% (D
m,
Xt
C——hhE, %,

m——HA=FRERE, g

m——MRE, g.

B R il iR, 2% GB 5009.6-2016 2 K
L, FREX 10 g BEf, 5 20 g A OerbfEZR R AR &
Ja, WK 2T, BT EATEAE 100 ‘CHET 30 min,
FEOMRITEE S AT R I, FRE, RINARTI &,
134 AENE

BRI L EaAf, i CIELab F/n i
2S00, MEREGIIL S a b . AEERAR (2) it
=

AE = JAL? + Ad™ + Ab™ )

B
L'——ZE4%, £0~100Z Mk TEEE20E;
d——Mae (EE) 3)%E;
b——MEk e (EH) FHE.
1.3.5 X4ud847
(1) HAFS®E: 2% GB 5009.5-2016 YLIKE
Rk, FRHL 2 g PUHEEL 10 g FUIRVE /KA, Z9H0)5,
K B ZhL IR B AGHATIE o
(2 JEiEE: 2133 05E.
(3) K &E: 2% GB 5009.3-2016 HIET44
%o 5 gFEME 10 g TREEEEMRSE, BT
105 CHUA, TIREEE, HHEKSEE,

274

(4) B&ifr: 2% GB 5009.229-2016 AEHITER
ARk, W20 g Zokil, I - ER AR
50 mL A1 3~4 IR TR R, TR ARG E R
Mo THEIRM.

(5) il : 2% GB 5009.227-2016 Wi €1,
FREX 3 g Bebkitt, AN 30 mL =5 H bi-iK CFRIE &R
TBA, TN 1 mL HORIBRAL B R Ak S5 87 3 mine
N\ 100 mL /K85 5 52 R B AR R AR A o -
1.3.6 ISR

%k N T R 4H K S ekl e . &%
Zheng Tk, HATEEE. BL 0.1 ¢ Hibkims
5 mL 2% 5 S - F R A A B (e S vy %,
A 7 mL 15% = A6 R, 462E 0 2 mine £
IEPEGEHRE,  ToKEREREARRK, R,
WA (il DB-WAX (30 mx0.32 mm, 0.25 um),
HEFECRFE 270 °C, SFKIARE TR 280 C.
PR PIEEE 100 C, 4 13 min;
100 ‘C~180 C, FHEHEZ 10 ‘C/min, fRFF 6 min;
180 ‘C~200 C, FHEHE 1 ‘C/min, F£FF 20 min;
200 ‘C~230 ‘C, FHEHEZ 4 C/min, {#£F 10.5 min.
KA HAE— LT e & .

13.7 #ER M85

PRk A R L5 73T 5% Natasa 257
%, HRYMEIL. HS-SPME 414 FREX 2 g #Z%bkimke
fts JIAZ 15 mL TZSHH 40 CF45 20 min (B4 /)
PEFEEEE 180 t/min) , 50/30 um DVB/CAR/PDMS
FAZEELTE 40 CHFE 20 mine GC-MS 2k1F:
HP-5MS a3 R (30 mx0.32 mmx0.25 pm). #<: &
2% (99.999%) 5 JAL#E 1.2 mL/min, A7rB.
HEFECHRAE 270 Co R FHR: VIGGIRAEE 35 C, &
£F 4 min; 35 'C~100 C, FHEEZ 3 *C/min, fRHF 4 min;
100 ‘C~250 'C, FHiE#E 5 ‘C/min, f14F 3 min. &F
JRIRE 250 °C, PUZATIREE 130 °C, FiERAAiVE R mz
35~350, % NIST17 s e e o, Ik UCRLEE
KT 70%0H6EY), THRE— T HEARN & &

L4 BdEo AT

T SEEG I R =R, BUES RA I E A bR
ZHAT 73 HT - RFH Origin 2021 S04k kA7 /E RIAN
BXRAHT, J8IE SPSS 22.0 34T B3 M2 B AT .

2 HR5VHE
2.1 RARRAHT
IKBERE DAL P AR 2 — R IR, 1%



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.2

ST TR M EE SRR RIS RE T84 A 40 i
s, AR, AT 6 PR FEIRRE T 2
AEEAZ I G IR . B 1 AR R
TR RIRAR A . 6 FRRRE T A5 B R
B LR i RIGTKIREE (B) I KK
REERTEE (B) J&, KA AmiaHEmR, 750 1.05~
934.20 um A1 1.05~1 057.54 um. 25N (A) B
4 6 min J5i, KARVEEN 0.33~377.74 pum, WHHHZ
KRN LB RA REAS A0 70 R DA B B N R, L
S MO 5], M D BANE ST
KA T IRTRL . To7K R A BE AL B 5 22 — AR BE LA
JE—IR (C) , KILDv50 BIEFFK (H 63.86 um f#
K% 47.51 um) , 1 DvOO i3 £ R, i, 4t
RN R (D) J5, DvS0 WEThE, H
47.51 pm BEHNEE 105.57 pm, BEHAHERS/NEURLZ L
R=IEHHENL RIS A — RN RS . 5K
PREERCIRARLL, A KA BB S RRAR AR, Wl RE
S RUATE K EIRAELERT,  FRAR T IRAR BE R A2 Ak At 45
FIRIREIR, AR BE IR SR B 1) 77t 2 (s AUACRR FE 3G A
ToK AR BERN G R R (F) JLFRACHE)E, Rz &
B, DvS0 A 11.62 pum, Ut BH = AT F Az pkgn i 2

R TRIR R RE T B 8 o
O Dv(10)
1200 m Dv(50) a

I Dv(90)
Dv(100)

1000

E 800
¢ 600
ia
400
200
0 A B C D E F
e 5K

&1 A X3RRI R
Fig.1 Effect of comminution typeson therange of particlesize
digtribution of walnut

E: AR BFEEATEARLEESR (P<0.05) . AAF
B FEABIAE 6 min, B A TIKIARBAIE—K, C A TSR
BIE— R Ao Z IR ENIIE—R; D ARSI — R =
SRBAIRE R, B AR KA ERFF—IK; F A TABAREER
Bk Ao B F—R, TH. &F.

22 BEEER R KEEE T LM
22t 6 P X5, SRAAHE 7T BB AL K
Rk T2 REUZ . S50 (F 2) Kk

R BERTPT IR = FRBHEAL A 5 e (DD, N 54%.
TEL IO/ A B A PR IER b AT — SR AT B AL B AT DL

FP R KR (B BUE/KR AR
M EBIFAEE (F) , MR, BEaF
M, XA R TR B VIR, KEKAFAE
I AR A AL s AL T AR FE AL, P
BB (R LA, R R T4 et (HIx 2
W1 7K R R R T AL RO . RO S
i, AR RN PR AR T PR . R
e b U B R 1 K T A FE U A e
PR R ER . Al ERHRRAR ), SE
BURGRN, ISR A S bR

60 - ab

HE /%

A B C D E F
TR 75 3K
SR ATy E WOy N e B )
Fig.2 Effect of comminution typeson the oil yield of aqueous
enzymatic extraction process
Nl 3 pos, JAIEEE T KBREE . FUIR
W KA SR, KTl (A B
J ) Hh I 2R e, R LR & B e, DTE R D,
HYTHE S RRURL, X2 I — XA (e 4%
B HIIRERE . ToKIRR B R AR R 5 5 e RS 2
BEARFL IR A B, [N B AR LR R AR 7k B s
REriErrEaRSE (H 49, XETRE=
UL EEANR i h EE B A . 2K
PR TR RSN 5, AR P R & SRR
FUT & SR TGN, AR K 732 i AR T HiA
JUMALERDTE (4D .

7 A bp 2
6o SIB e d9IN
Sp N
5 2L N
z e
O N
N
N
IO
Y%
Z NN
N2

2H 5
[ 3 /kBgEEHME. R, KEFTUENEE
Fig.3 Content of free ail, cream emulsion, aqueous solution and

precipitate after the aqueous enzymatic extraction process

275



MR B MR M oder n Food Science and Technology 2023, Vol.39, No.2
80t O LR —U0 WAE N 4.6, BBkl A (hZkmpl) Fizbk
T I i D A = AFHEFIO 19 AE N 3.7, 3

S BHIX P AR i A AR 22 e, T At A Bk vt ]
ﬁ4w rbﬂ 1) AE /NT 3, Bt ZEREVN. ETKEARE bk
g B (ke BT =R (ki C A1 DD L X
~ 20 kI I SR AN
ﬂ ﬂ 1 TEEHEH G
0 A B C D E F Table 1 Comparison of color parameter s of different walnut oils
TR WA K, L* a* b*
16l O LR A 31.72£0.17*  5.21+0.02°  11.69+0.13°
141 I ;ﬁ*ﬁ B 29.79+0.41°  5.55£0.04°  9.89+0.15°
s o12r e C 28.80+£0.33°  5.02+0.04°  8.12+0.23¢
wor D 2050£036° 457+0.06° 8.74+0.114
= :: i HET K E Ao F S5k R RIE TR, B id A2
ol PO E Ao F 4R, TH. KA.
2¢ 232 B L EAALARG oy BRLEL AR,
0" A B C D E F 2 HI T DUk (RN R A A BRAN
R 3 7E 0.19~0.34 mg KOH/g 2 [al. L5 AMETE 0.028~
1201 Efﬁfg% 0.063 g/100 g, ERUT AL EAEIDIZICT GB 2716-
100 B 2018 £l A [ FARERE Y e BR AR, [FIR HAIG
s TICHRARE s I 3 S AR R v A e R
o FOESERG bR, IR R R 7T DR A 9
1) TPl ik 2, BATRBIBESE DR R, o
) BRI, (BT AR AT, BT
FKBRZS AR AR BRI N AT, 1 BAN S S ek
B C D E F

w75 2K
B4 KR KAEFETUETBERS . ERRMKSEE
Fig.4 Content of ail, protein and water in cream emulsion,
aqueous solution and precipitate

2.3 Ak R

231 &E
B VP AZ PRI I R 1) R bR 2 — . AR
FIF CIELab R%t, AHZAk 1 EERATIE . R4
E PRI RS HE, L8 GEETEE, 1E 0~100
2R RBOERAM; o HRRAE GEE MEE
() 2 Ial; p*FoRists (GE{ED) M (i)
ZIARIALE M, RES B 1 VU b A% bk i B
HZ 1 Al APk L*EAE 28.80~31.72 2 [a], a*
HAE 4.57~5.55 Z[0], b*HTE 8.12~11.69 Z [, L*{H
T SCHRARIERY, X ARSI T SR 22 A T 24
AR o AHIFFEH K BEREAZARIH 1) o (B2 35 T 3Lk eR
B A PEZHOR, B AE, TATR BN A
ChZGRTENL) ARk C (TE/K B BN = SR %

276

PR, AR AR D, AR T A%k
S

1 2 TN, A2 1 2 B R IR A AEAE (C16:0,
6.34%~11.07%) - TEARER (C18:0, 2.76%~5.33%) -
TR (C18:1n-9, 18.70%~19.41%) - Wi 2 (C18:2n-6,
52.83%~59.68% ) ALK R (C18:3n-3, 10.52%~
11.17%) o HATERBUT ML (A |« JoK
AR (B) « Jo/KIB AR BE A — IR =58RS (C) b3
i, MR RS A B SRR A —E,
PR AT R 7 ) R A2 Mk v e ) B AN AN i T R
M AN TR0, A RS & B2 A
[ T2 RN o TR I TE K AR B AT TR —
WS (D), WM & EH R, TR
AR RSO IR TR 1) & & Tt m, X AT RE & HH
T AR RN B I AR b R By, E R
BN, AHYRNREE I A, WIHER HI TR
SAACREAR . BRHEERANRE IR RR AR TR 2 1. 2 5% 1
SR, RICAR skt 5T, S A s
TAET7 ZR AT B BB AR RS 22 G L



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.2

< 2 FEZHEGRBIERN . T EILEFNBERABRZARY
Table 2 Comparison of acid values, peroxide valuesand lipid composition of different walnut oils
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