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Abstract: Walnuts are rich in various functional components, and proper roasting can help change the composition and
content of functional components. However, there are few studies on the effects of roasting on the endogenous functional
components and antioxidant properties of walnuts. Therefore, this study used whole walnuts as raw materials to investigate
the effects of different roasting conditions (100~140 °C, 15~120 min) on the intrinsic functional components, fatty acid
content, acid value, peroxide value, and antioxidant capacity of walnuts, with the aim of providing theoretical references for

walnut roasting processing. The results showed that roasting (140 °C, 60 min) significantly increased the content of
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functional components such as plant sterols (1128.36~1209.61 mg/kg), tocopherols (436.88~499.89 mg/kg), polyphenols
(27.34~44.17 mg GAE/kg), linoleic acid (63.26%~63.86%), and a-linolenic acid (9.54%~10.03%). Furthermore, the
antioxidant activities based on DPPH, FRAP, ORAC methods were also improved. However, the content of squalene
(5.72~5.46 mg/kg), oleic acid (18.01%~16.44%) and the scavenging capacity of ABTS" free radicals were decreased. After
roasting, the acid value and peroxide value of walnuts were within the specified range by the Codex Alimentarius

Commission (CAC). Principal component analysis (PCA) and hierarchical cluster analysis (HCA) showed that moderate

roasting (140 °C, 60 min) improved the endogenous functional composition and antioxidant capacity of walnuts. The

research results provide a theoretical basis for the industrial roasting process of walnuts.

Key words: walnuts; roast; endogenous functional components; fatty acid; free radical scavenging capacity
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Table 1 Comparison of phytosterols content (mg/kg) during various roasting conditions
HPEREIRE (°C) HERET ] (min) ST S BT S A1 AS-HEH (% S

CK 56.42+2.67* 982.17+13.12¢ 36.02+1.80° 53.75+2.83 1128.36+20.33%

15 52.37+1.78%° 1010.21225.87 31.63+1.04P¢ 46.10+1.41% 1140.32+30.04%

30 54.68+1.055 1089.45+26.62° 32.10+1.02> 48.72:+1.55% 1224.96+30.16%

100 60 57.36+0.81° 1184.86+35.795° 32.71+1.15™ 53.2140.93% 1328.14+38.675
90 55.23+0.80° 1230.39+31.25° 34.95+1.01% 49.82+0.85% 1370.39+33.90"°

120 55.09+0.98"B® 1287.89+13.774 38.16+0.72* 47.51+0.41P 1428.66+15.814°

CK 56422675 982.17+13.12> 36.02:1.80° 53.75+2.83%® 1128.36+20.33™

15 51.70+1.43% 1115.52422.28™ 34.09:+0.81% 47.15+1.00% 1248.46+25.45™

30 53.85+1.21P% 1161.42+24.93% 37.37+0.89% 49.14+0.99"% 1301.78+26.03"°

Ho 60 58.78+0.76% 1217.60+29.714% 41.89+0.84 54.81+5.08™ 1373.08+32.275®
90 56.23+0.89° 1200.74+34.12® 38.70+1.26% 50.49-0. 745 1346.17+36.98*®

120 54.21£1.114B 1196.97+21.1%® 37.37+0.88P% 49.760.42P" 1338.32+23.47%

CK 56.42+2.67™ 982.17+13.12™ 36.02+1.80% 53.75+2.83% 1128.36+20.33™

15 51.13+1.17% 1248.05+19.27"* 37.34+0.69* 48.63+0.50% 1385.15+21.56"

30 55.45+0.69"5 1253.25+32.48" 44.17+0.93% 49.65+0.38" 1402.53+34.43"

120 60 60.59+0.515¢ 1260.56+26.48" 52.47+0.87 50.89+0.60*¢ 1424.51428.41"
90 57.61+1.09"° 1176.48+35.74° 43.15+1.23%° 51.47+0.628 1328.71+38.58%°

120 53.78+1.02% 1117.48+30.24% 36.91+1.034% 52,420,548 1260.59+32.78%

CK 56.42+2.67%° 982.17+13.12% 36.02+1.80°% 53.75+2.83 1128.36£20.33%

15 52.14+0.85" 1114.43+19.73%® 33.20+0.795¢ 47.70+£0.65" 1247.48+21.86"%*

30 56.40:£0.494P° 1126.11:28.215¢ 41.57+1.02% 49.13+0.67%* 1273.2430.398¢

130 60 61.59+0.33%5 1142.71£21.58% 52.38+0.96 50.91+0.6"° 1307.59+23.46%
90 56.88+0.65 1100.18+36.46"® 44.73+3.04%° 50.52+0.62"° 1252.32438.10%*

120 51.16+0.54% 1079.2+27.40<™ 36.27+0.9348¢ 50.58+0.485° 1217.21429.29P¢

CK 56.42+2.67" 982.17+13.12% 36.02+1.80°% 53.75+2.83% 1128.36+20.33%

15 53.41+0.52% 1009.90+20.98%* 30.27+0.78 47.03+0.84% 1140.61423.07%

30 57.54+0.33%° 1024.89+21.30 39.68+1.37" 48.79+0.87% 1170.90+23.83P

140 60 62.91+0.23* 1043.41+16.63* 52.34+1.10% 50.94:0.63° 1209.61+18.57>
90 56.38+0.33"" 1047.46+22.435® 43.05£0.71%° 49.81+0.68% 1196.71424.12%

120 49.17+0.43% 1053.75+24.18" 35.81+0.86™ 49.03+0.47> 1187.77425.90>

TE: CKFRAMERE i, /NG T B FR R — I AN RIS i (] BAT 35 M2 5, K 7 R3O [R] — B ) S [ MR T AT 3522 57 (P<0.05); 2,

3,

— PP EAT IR AE YIS B KSR TR, UL TR
AR AR A, TR IENR AR BBk A
G 1 TR, SRR, 6 AR LS
5.72 mg/kg; AZMEAEHLIE LA v f A T R AR
ARG, X HERER ffy 5 i e e s R R AR BRIEATR T AZ Bk

[ =100 °C —110°C =120 C
=130 °C ——140 C

e (mg/kg)
WWLWW A BB BOAUNANNUNARN
[N e Yol Xand (S I o Yoo Tan ) \O N o Yo R el (8]

CK 15 30 60 90 120
HERE I ] (min)

P 1 bR I IR R0 e Ak A A S B R
Fig.1 Effect of roasting time and temperature on squalene
content of shelled walnut
TE: CK KRR ARBUERE G, /NG B3R 7R [R]— IR AN [R] AL I
] HAT P25 5, K5 B3 () — I (AN [ A o i B

A REMEXEF(P<0.05).,

T e, 100 °C KB 60 min £f %00 i AR
(3.44 mg/kg) , BEXTRAAESLEAR T 39.9%, MiAA W5
HRIE T HSEAE 150 °C. 20 min T L0 3R A RE 5
IR AR Y 12%0Y, A EL T U8 SR BT o8 45 58,
RS S B IGEBUR S| L, W 120 °C HLkE
120 min ff & K& i (6.01 mg/kg), 2EHE 241
A PRREEG N A 0 B i, X AT eV A TR 4 At
RS I S BB W FIR RS AL S I i R

2.1.3 HUEIEENEFEH SRS AFELLE
ST AT S EINR 2 FioR, ZRkd&a iufh e
T W a4 B Y (29.31~58.53 mg/kg) . S H Y
(14.73~18.62 mg/kg) . y-AEH 1 (301.69~346.90 mg/
kg) Al o-2E F 1 (88.72~99.10 mg/kg) . LEAHIFEH,
Bl S AZ A 15 S BN, KL () HE R N A TR X
AT WA W, A UFIR S R R A
b AR B 09 A8 Ak R R R RN A BB ] A
S22 B4 130 °C 15 min Al 140 °C 15 min BYFE S
ZHh, e S 1 -4 B By & 38 v 1 eAsE
JuHE: 140 °C 42 60, 90 min J5 HUARZHE, I o-2EH
S b B 2B = X REAR L (P<0.05) o B4, FE 140 °C
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Table 2 Comparison of tocopherol content (mg/kg) during various roasting conditions
HPEREIRE (C) HEREET ] (min) o BB BB - EE W SEE M BAEED
CK 30.82+1.44% 15.65+0.654<™ 301.69+2.94% 88.72+0.26™ 436.88+5.12™
15 34.68+0.79* 14.84+0.52% 339.83+1.18* 95.910.174* 485.26+2.44"
30 33.67+0.70° 15.46+0.39° 331.51+0.67 96.310.29%® 476.94+1.80™
100 60 32.76+0.30™ 16.31+0.15%® 321.18+0.24™ 96.64+0.20% 466.90+0.87%
90 35.88:+0.25™ 16.430.22°8 318.39+1.95™ 96.23£0.58BC* 466.94+2.68%
120 39.85+1.17% 16.55+0.13* 318.04+1.70™ 95.66+0.328< 470.10+3.21%
CK 30.82:+1.44 15.65+0.65> 301.69+2.94™ 88.72+0.26% 436.88+5.12%
15 33.13+0.26% 15.15+0.70°¢ 333.78+0.71% 94.560.57°¢ 476.63+2.11%
30 32.74+0.25%¢ 15.250.38™ 329.96+0.89< 95.84:£0.33 473.78+1.34%®
1o 60 32.09+0.56% 15.67+0.35™ 325.01+£0.30¢ 97.12+0.20A% 469.89+0.49<
90 33.78+0.14%% 15.73£0.37% 324.75+0.51< 96.10+£0.71 470.36+0.31%°
120 34.56+0.06% 15.91£0.348 324.74+1.10 94.82+0.87¢ 470.04+1.01<°
CK 30.82+1.44" 15.65+0.65"™ 301.6942.94™ 88.72+0.26% 436.88+5.12"°
15 32.33+0.87° 15.89:+0.06"° 328.67+1.39™ 93.50+0.27" 470.39+2.38%
30 38.25+0.18% 16.17+0.105* 340.40£0.434 95.63:£0.394 490.46+1.00"
120 60 46.17+0.16%* 16.67+0.15% 344.71+1.12% 98.22+0.69* 505.77£2.07*
90 42.24+1.03% 16.10+£0.125° 345.57+1.08% 95.68+£0.41 499.58+2.54"°
120 36.29+0.23% 15.23+0.225¢ 346.90+1.16" 93.37+0.69 491.80+2.30"
CK 30.82:+1.44™ 15.65+0.65° 301.69:+2.94% 88.72+0.26™ 436.88+5.12¢
15 30.18+0.23 16.02:+0.18A8% 330.73+0.91°P° 94.26+0.32¢ 471.19+1.31%
30 39.28+0.435 16.67+0.21%° 333.12+0.56™ 96.08:£0.74 487.82+0.50"
130 60 50.40+1.525° 17.66+0.24% 334.14+1.08% 98.00£0.89 500.20+£1.33%
90 48.30+1.39% 16.51£0.2748 333.8241.13% 97.08+0.415® 495.71+1.72%
120 41.21£1.21% 14.97+0.63% 335.7840.55% 96.19+0.57" 488.15+1.56"
CK 30.82+1.44"¢ 15.65+0.65"8¢ 301.69+2.94% 88.72+0.26" 436.88+5.12™
15 29.31+0.34" 16.54:£0.44 333.1440.765 95.07+0.30% 474.05+1.765¢
30 41.44+0.90M 17.54+0.334° 330.05+0.99% 96.56+1.10%° 485.59+3.04"°
140 60 58.53+0.90* 18.62+0.13% 324.8640.94% 97.87+1.01* 499.89+2.40%
90 56.31+0.82"° 16.78+0.21%° 324.98+1.09% 98.48+0.37 496.55+2.00*
120 46.15£1.13% 14.73£1.01% 325.37+0.15% 99.10+0.56™ 485.35+2.70%°

MLk 60 min FIZHRH, p-A4 Tl & B35 v T HAL
AZHEFE T (P<0.05) , T X FEAE S5 1 18. 98%0
AF A S - T W, SR R
Y 60% LA b, HokJ2 5-A4 & Wy Zakrh p-A .Er@é]
H o-2E B W & T 85%. T 120 °C ML T AL
oy B S (5 15 min) AHXS 55 BRAE S B i
T 12.83%~14.99%; Mt 5 AR y-2E B W 628
B E TR AR . ERTE ST HGE TAEE
B3 AN R 22 G2 BT S AR TE PRI 2 y>0>a>p00
R, &5 LBl p-2E A o-2E 3 1A B TRk
b fetng.
ot BERE S 00 BVE B = (436.88 mg/kg) B AIK;

TE 100, 110 °C T, HAE Skl s el (g B mmg Sa 2
BUR BAAE, 10 120, 130, 140 °C FHEE ST *Fiﬁ_ﬁﬂ‘
[E) L SR TS, FRE 60 min BRI OME., B4

B S EAE 120 °C. 60 min BUE S5 R ik B B E
(505.77 mg/kg), F=EE52 PR R s R v Tt i i 4
IR T AP AR B By 5 T e i I 2

HE—2 ARG, RO AR T Wy, B T A
HEPOO (R RS ) i R AR T M AR G R SR
B ZEAFFE T R S5 b, HEERE S AR B

TR X AR

2.1.4 MG FRAZRZ SRR L ARIEIEEE &%

P AR 21 0 S A b & 2 s, X RRZH Y
Z W&l 27.34 mg/kg, BEERYSRIZE R TR, 28
T S (P<0.05); 76 120 °C #tE 60 min 157

—=CK
48 15 min
46 =330 min
44 e 60 min
90 min

£ (mg/kg)

100 110 120 130 140
HUEIRIE (C)

Pl 2 LI TR L B X A ST A% Bk 22 19 7 ek ) S0
Fig.2 Effect of roasting time and temperature on polyphenols
content of shelled walnut
TE: CK F7n RHLERE A, /NG 78R [a]— T BE AN ) A5 i
[ BLAT 22 5, RS BRSO [R]— I [ AS ) A i i .

A 25 (P<0.05)
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TR, S PUEXTTEAZE TR IEDIRELL 20 BT A PR - 87 -

FRAH 44.73 mg/kg, FHE T X FREES N T 63.6%,
it =5 02 R R B v N B () B9 B K 22 1055 5 T
JHLRE T LA 22 1y DA 55 25 R AR L B 53 A 2 - RS Y
Sk, TS RS 22 1 B B 8 2230 55— Jy e, A%k
TEMEs R T AR SER AR R N, BN T IR ik
B ERY, PO AL Z i S m R = o
t—2HLE S B W B e AR AT BE R R T2 e
iR AR T
2.2 HHEITRZMEAN R FAE AR S 2 RE N

M5 S Fh R VTR F AR A TR AR 2 S ani® 3 BT,
INZE BAG IR U SR A AR R FE 75 . A S 1 FEY 7 . TP R FP
il . SR FF R . SIRRAR HY RS

WL S AZ AR DT R L A% A S DLEE 3., EZLAR
R R IHRR (C18:2) 5 62.47%~65.61%, Hyk il
BR(C18:1)(15.43%~18.24%) . IWWHRER(C18:3)(9.54%~
10.03%) FIAZHEARZ (C16:0) (6.15%~6.51%) . #iiE )5
FIRZEAE T &4 9.01%~9.58% 11 FIHE 15 i (saturated
fatty acid, SFA) . 90.33%~90.88% A~ 1 FI i B B&
(unsaturated fatty acid, UFA) Fll 72.49%~75.36% %
AL FE AR (polyunsaturated fatty acid, PUFA ); #%

BEHR UFA 58T Y LB, 53X -5 =2 A8 Ao A%
HEH AT IR B 25 TRATAE 2, Gei oM R, HLETR
JE R [E] XA AR RS PUFA & B4 Wi, fhis
Ja1ZHMk PUFA & &30, 28kt UFA &8¢ =1k
BHXHEE R AT 25, HoE B3 T $2 S Ak Y 8 IR
{EP7 8, B NR A A T AL B - 1,4- % Ja &
1) PUFA 195G, 7= A R0 A R R D R 200 4

Norm.
250 a
N=1
200 S
= Q0o
150 o S8
": LN
100 I ( T
|
50 \ -
| ).J‘.,_.‘l,_h
0
5 10 15 20 25
Hf[E] (min)

K13 5 FhARIDTRR H ERIRAR UM (i 14
Fig.3 Gas chromatogram of 5 mixed fatty acids methyl esters
TE: AR IR B 21 A — AL AL B, T BRAE il i i 22
SR, Ao 25U T AR el e R e e o R A3 L

3 AR S AE R IR AR 5 (%) 19 A

Table 3 Comparison of the relative content (%) of fatty acids during various roasting conditions

LR B (°C)  HEERTR] (min)  FRHEIAR fitd AR TR DIATHI RIS SFA UFA PUFA
CK 6.37+0.17°*  2.81£0.01  18.01+0.48"" 63.26+0.55%  9.54+0.19%°  9.18+0.18"* 90.82+0.19" 72.81+0.38"
15 6.22+0.01%"  2.84+0.04  17.34+0.33"°  63.72+0.534%"  9.78+0.07°%"  9.07+0.15"* 90.8420.23** 73.5+0.56*P*
100 30 6.17+0.06"  2.84+0.05%  17.89+0.53*  63.08+0.69%™  9.91+0.12**  9.01+0.10"* 90.88+0.28%" 72.99+0.77A8*
60 6.15+0.13"  3.09+0.234"  18.24+0.34%  62.47+0.52°  10.01£0.19** 9.25+0.36"* 90.73+0.37A"  72.49+0.70
90 6.25+0.24"  3.14+0.13%"  16.17£0.60  64.27+0.54*%°  9.96+0.08*  9.38+0.37"" 90.41£0.66"" 74.24+0.6245"
120 6.27+0.26"  3.22+0.36"°  15.59£0.38%  65.01£0.95*"  9.91+0.08*  9.48+0.62** 90.51+0.61*"  74.92:+0.98"*
CK 6.37+0.17°*  2.81£0.01%  18.01£0.48%  63.26+0.55"™  9.54+0.19%  9.18+0.18** 90.82+0.19*" 72.81+0.38%
15 6.36+0.24"  2.82£0.03  16.98+0.85""  63.95+0.51°% 9.74+0.074% 0.19+0.24** 90.66+0.38"" 73.68+0.58"""
o 30 6.32+0.35%  2.8420.04%"  17.60£1.09"*  63.39£0.46*%  9.84+0.07°"  9.1620.67*" 90.83+0.68"* 73.24x0.54*"°
60 6.28+0.44""  2.88+0.04"°  17.74£0.80*%  63.08+0.56°"  9.98+0.12"*  9.15+0.47** 90.80+0.55" 73.06+0.56""
90 6.30+0.28"" 2.89£0.01°° 16.03+£0.37°  64.84+0.58""  9.88+0.10*® 9.20+£0.29" 90.75+0.37A"  74.72+0.57"*
120 6.3120.16"  2.90+£0.01%  1543£0.32%  65.61x0.17°*  9.74+0.08*%" 0.21x0.18** 90.79+0.18""  75.36+0.24"*
CK 6.37+0.17%  2.81+0.01%¢  18.01£0.48*" 63.26+0.55%  9.54+0.19%"  9.18+0.18** 90.82+0.19**  72.81+0.38°
15 6.2940.59%  3.03+0.06*  16.77£1.05%°  64.17+0.48"*  9.72+0.04%  9.33+0.64"* 90.67+0.64"*  73.90+0.47*
120 30 6.33£0.50""  2.96+0.01"°  16.89+0.75"® 63.81+0.13*%°  9.84+0.03*™  9.29+0.51"* 90.55+0.65*" 73.66+0.124%"
60 6.38+0.57°*  2.89+£0.01%  17.00+£0.68%°® 63.66+0.08*%" 10.01+0.03** 9.28+0.58"* 90.67+0.63*" 73.67+0.08"%"
90 6.39+0.16"  2.90£0.01°° 17.53+£0.20°®  63.27+0.27%  9.89+0.07*"  9.29+0.17** 90.70+0.19** 73.17+0.27™
120 6.47+0.29"  2.91+0.02°™  18.08£0.44*  62.82+0.57%  9.70+£0.03°° 9.38+0.31** 90.61+0.32*"  72.53+0.58"
CK 6.37+0.17°*  2.81£0.01°°  18.01£0.48%  63.26+0.55  9.54+0.19%  9.18+0.18"* 90.82+0.19*" 72.81+0.38%
15 6.46£0.29"  2.96+0.02%°  17.12+0.54%>  63.64+0.29°5° 9.81+0.07°5® 9.42+0.317 90.57+0.324* 73.45+0.26 5
130 30 6.45+0.18"  2.94+0.03"°  16.75£0.25°  64.01£0.32*"  9.83+0.04*® 9.39+0.19"® 90.60+0.20""  73.85+0.32"
60 6.44+0.24"  3.14+£0.01"  16.34£0.22%  64.19+0.45"*  9.87+0.05"*  9.58+0.24"% 90.41+0.24""  74.07+0.44"
90 6.43+0.05%  2.79+0.04°¢  17.25+0.22"*  63.76:0.20°°  9.77+0.06*® 9.21+0.12*® 90.78+0.12** 73.53+0.245C®
120 6.4240.02%  2.72+0.02%¢  17.58+0.28*®  63.43+0.39%  9.69+0.06° 9.13+0.04"° 90.70+0.19°*  73.12+0.38%*
CK 6.37+0.17%  2.81+0.01%  18.01£0.48%  63.26£0.55™°  9.54+0.19°  9.18+0.18"* 90.82+0.19%* 72.81+0.38%™
15 6.51£0.55"  2.9240.02%  17.46+0.14"°  63.13£0.72%°  9.92+0.08"*  9.44+0.55"* 90.51+0.58"" 73.04+0.70"%*
140 30 6.48+0.27%  2.96£0.02%  16.98+0.50™  63.54+£0.3245°  9.97+0.11%*  9.44+0.29"* 90.50+0.30"* 73.52:+0.304%®
60 6.45+0.15"  2.99£0.01*%  16.44£0.39%  63.86+0.23"%"  10.03£0.12"* 9.43+0.14"* 90.33+0.38"" 73.88+0.22°%
90 6.42+0.30"  2.95+0.01%° 17.45+0.16"%  63.34£0.45%°  9.83£0.02*" 9.37+0.31* 90.62+0.31** 73.16£0.47°™
120 6.41£0.18"  2.93+0.02°™  17.89+£0.54%  62.87+0.15%  9.65+0.07°%* 9.35+0.19"* 90.41+0.42%"  72.52+0.21%

TE: SFA, UFA, PUFAZM SRR FINR R . AMUFIRIIER . Z A RIISIER o
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ety il fE dh, vl BB TR A G Iy Je is
MV BRAH XS S B B0, 110 °C #E#E 120 min 1)
Ao i S VR P8 5 e e e, T VHI PR & B eI LS TR R
SR 120 °C B, YR 5 B e A s Ao [a] ) e g o,
HWamRes AR . C18:1 1 C18:2 BN R = Tl 5
SEVIB IR SR 80% LU_E . MUEBIZAAR A IB TR
FIZEAR, RS RIS S mesa 225 . 455003k
B, B Be S5 A AT ARG T IR & oA s, XTAg e
H e a BB 25 5, AR RS GAO 4509 s Az pk
1 IR TR LH L SR AR, BV A W22 5. Ak,
ALEKSANDER 45" LrasE T AN [FA VR RS ks s
(6 SRR, AT ] & BB TR & Bt v e A8 fh.
WA HRIEFREE TR LE R — MR T B SR ]
AN, AR SFA P B AR A B4, 23X 5 AR0F5%
gh IR —3
2.3 HESHZIkE L IRFRR ST

A VI RS A XA BRI A S A 52 )
WEl 4 B . BRIAE MU IR R & = ihn s, &
PEUT I AR BT & 0 B B e bR, 352 S v B R VKRR
FEW, R AR /N, UERH T AR BT AR . AR R
h, kP AR TR A A E AL R, FRINTITIRSS SRR
BH, FERbE R b, AZBRATR M A4S I, YE Y 0.3 1~
0.51 mg KOH/g(I¥] 4a) . R CAC ME, WIFETHH
PR ASNLEETT 4 mg KOH/g, WA SRS IR B £UE 5
R TFZHEIL R . B 55 )i A Ta] 4 3
I 5% FAbERINER T ARk A H I = ER K Bl S R
TR AR, SE— N T TR A PR IR 5,

e B T R 70 B X A2 Ak v a S A (B 4 5 e
El 4b~f 7N, i SEARE R B T iR — IR &A=
A, XS 77 SR AN RN R 2 A A T R TR TR

M, ARHE CAC M, WIFETH AL S A E AR A
7.5 mmol/kg, MASTFSFE AR AZBAE & 1 Ak {H
24 1.17 mmol/kg, HE85 5 AL S il AR (E R 1,14~
5.43 mmol/kg, BT A HHEHIMETRAEM. 7 100, 110
F1 120 °C B, i S8 A A8 B 25 H S B 0] 9 B 22 B 5
[ Je 34 po R A, (ELARER T X0 R 2, R B el 1R %
T B e E e R R S e, IR TR
FREERAIN . 7E 130, 140 °C B, ik 48 A (E Bl B fa] 14
IS IFFE 140 °C. 120 min k8% K H (5.43 mmol/
kg), KU SRS A T R EE A A ), St A
ARMEIE N, FEZ ATA—TUIT H, 3 Rk et
Bk = 1t A A WA 2 AR 1R
2.4 HESHIZPHRE WIS

SR FH R 7% (DPPH. FRAP. ABTS. ORAC)
MEAZRL A ILTEEREE ST, 55 nE 5 iR, DPPH
45 B AS AL Y5 A 363.97~463.75 pmol TE/kg; 7E
FRAP {M5E A7, 45 52Y5 BN 46.82~61.29 pmol TE/kg;
%} F ABTS, 455 7F 35.92~74.14 umol TE/kg 2 [d];
M ORAC HY{HTE 947.53~2556.42 umol TE/kg ZJf].

ST s s S I AL =X (1 P SR R iy e v v £
goit2a 2255 (P<0.05) . XF HEAES ) DPPH. FRAP
Fl ORAC KMI{EAZAIR, i ABTS KB . S5xt
REZHAHER, 7E 100~140 °C 45 30~120 min J§ DPPH.
FRAP Fl1 ORAC HKrilll4h 5L 8H b 340 ; AH =2, AEAH FIKE
KEBHTEIR, ABTS ™ H o B R AE 7 B T s i w2
REAIG, H 58 oMb J i B2 (120~140 °C) AR fb A< B 5
GAO ZER J7 38 T ARk A IR L) 15 2 Festa]
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T BRAE I AR5 (EAHRIMEETRE R, FRAP HH
FUHERAE I A B B A BT 2 0 A, [
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Fig.4 Effect of roasting time and temperature on the acid value (AV) and the peroxide value (PV) of walnut
TE: a: FRAY, b~f 735110 100, 110, 120, 130, 140 C i AAAH; /NG FRELR R — IR A [ AL I ] 254 22 57 (P<0.05)
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2.5 PCA 4o

FH T2 F8 b = [a] 14 52 B B AS[R], 0045 B9 5 i
B HU B B 25 5K, DRI S s Z2 B A TRt
1k, i2 ] SPSS FRAFXIAFIMLE S5k Ty ek i
WEPELH Sy . AR FIREIIAR . FRALFS R A K [ AR SR R
BE AT S bir . N 4 R 5 P, Frasds
WREFEAL T 4 AT BT, BT BTRkEl 76.394%
7T 28 Ao RS2 Bl T = B 43 T 45 A4 28 B 22 Ta] A AH 56 2/
o TR 1 STERERN 34.776%, R K a-2E
By, Z2 . DPPH 1 ORAC [ 3L EE 19 1E
FHmr. FRLSY 2 TIRRER N 18.479%, T BT Hk )
SHAERRTR . WK I s SAEm R . 2
JGAF 3 TTHR AN 12.894%, 3282 Kz e 1 3l 1R A1 37 il
iR i) 725 S 6L SR R A G . B 4 BTk
N 10.245%, FERT B-AEEW . - T HFMH
EIHMERER 5 - EF R AARC.

F 4 ERIT YRR LA ST AR
Table 4 Eigenvalues of the principal components
and the contribution

FHIr FHIE(E TR (%) Rk (%)
PC1 7.303 34.776 34.776
PC2 3.881 18.479 53.255
PC3 2.708 12.894 66.149
PC4 2.151 10.245 76.394
RS FRSEMT
Table 5 Principal component loading matrix
F A
Ei=tan X,
1 2 3 4
bt X, 0081 -0.16 —0.031 0.145
T iR X, 0024 0163 —0.061 0.107
IR X;  -0.036 -0.133 0258 —0.161
TEIHTR X, 0015 0107 0283 0.143
RIANT X5 0039 0177 0110 —0.026
o~ EH Xe 0114 0002 0081  0.081
pHEF X, 0082 0100 0.068 0273
rEE W Xy 0.044 —0.064 —0.018 —0.235
BB X, 0.087 0071  0.064 —0.176
it X, 0042 —0.174 -0.034 0253
EAl; X, 0.124 —0.004 0.085 —0.148
KT 5§ 1 X, 0067 0132 0182  0.164
SAT S X3 0.013 0.18  —0.142 —0.191
G mE Xy 0109 0068 0072  0.078
AS-FHEZ (B X;s 0025  0.039 0202 —0.039
AV Xie 0107  —0.067 —0.149  0.025
PV X;; 0087 —0.082 0076  0.059

DPPH H Hi 35 R hE X5 0124 0.5 0.047  —0.102
ABTS"H H 35 BRRE Xjo —0.091 0.126  0.073  0.049

FRAP H 55 bR Xy  0.084 0033 -0.182 —0.193
ORACHHALTEIRAES) X, 0115  -0.095 -0.116 —0.084

I SRR 22 TTERAR IR AT T ARk ST
B RERME R, AT TEE e s Js. Rk
FH Y. Y, Y5 I Y, 4 A3 005 S By 22 BTk SR

AR BT IR R G PP R . AR Z 2 Y.
Yo Y3 A Y, BULRPELH G, Ros N Z=34.776Y +
18.479Y,+12.894Y,+10.245Y,, o ARYE T /21 Al
FOE(E TR EE G A543 W3R 6 IR, 43 B0,
BRI . TR A R IR 2500 T A5 A%
BRI R 5 3. NPT BR L S Fd | Ak e I A7 A
2R, R LR PP AR AR E 22 . A
HE# KR, 75 140 °C FHUE 60 min Ji5 Frilil A5 oA b
LR35 Z 2 53.09, TEA-LH T o {E B s, RETIZAE
A R A BT e e o

6 AFIMHE ST N ST N IRIELL ) . AR
R BRACPEURN A i SE T ERAE 1Y PCA 153>
Table 6 PCA score of endogenous fractions, unsaturated
fatty acids, physicochemical properties and free radical-
scavenging capacity of shelled walnuts during various
roasting conditions

BUBIRE M)

(t) im0 Y2 Vs Yooz A
CK -0.74 -0.55 0.76 144 -11.47 17
15 -0.68 —0.19 0.14 0.01 —25.18 25
30 -0.56 0.21 0.71 -0.44 -10.96 16
100 60 -0.37 0.82 1.21  -0.63 1149 6
90 -022 092 -029 0.13 6.97 9
120 —-0.04 0.92 -1.2 0.44 4.58 10
15 -04 —-028 -044 -0.16 -26.5 26
30 -0.26 -0.02 0.13 -0.57 -13.6 19
110 60 -0.03 0.5 0.8 -0.82 10.15 7
90 -0.01 043 -0.59 -0.14 -1.46 14
120 0.03 021 -138 0.19 -10.84 15
15 -0.21 0.03 -0.77 -0.17 -18.22 22
30 0.09 0.18 -0.24 -043 -1.07 13
120 60 0.43 0.47 0.35 -048 23.11 3
90 026 -0.12 023 —0.53 4.35 12
120 0.12 -0.81 —-0.01 -0.65 -17.58 21
15 -0.17 -04 —-0.51 0.13 -18.49 23
30 0.15 -0.09 -0.2 0.32 441 11
130 60 0.55 0.45 0.2 0.79 37.99 2
90 036 -032 0.15 0.03 8.72 8
120 0.16 —0.73 -0.21 -094 —-20.28 24
15 -0.15 -0.61 —0.14 043 -13.59 18
30 0.23 -0.2 0.23 0.89 16.52 5
140 60 0.67 0.27 0.75 1.48 53.09 1
90 0.51 -0.28 043 0.35 21.82 4

120 027 081 —-0.11 -0.67 -13.95 20
TE: Y, Y, Y RY S 5IHREERPCL, PC2, PC3HIPC4.

2.6 BRREBEESH

ARYE BT BT AT (B IR . MR R 5. 3AE
FERRFIPLUEALRE 7)), SR HCA PPN HkEEAS 2 1]
FOARRLM: . T BR B 25 R Al AR A AR,
IR A BRI O TR IS T IR R REAS A T3 . 452%
WE 7 s . H[eBUE B EIE S 25 B, IS0
B EEFARE 53 PR~ S EEER 51, WS S AR RN RS 1
T IEAE L X Aok . &5 SRR BH, HLE XA AR P
TEPEDIRRLH S AU A AL BE 145 e, U, LA
[FIAE A R Bt 18] T s RAS O AZ R BE A AH L. F kb el I,
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