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Xinjiang. Methods

The content of macronutrients and micronutrients, fatty acids, amino acids and active substances were determined.

The 19 kinds of varieties of almonds grown in Xinjiang were selected as the research objects.

Based on principal component analysis, a comprehensive evaluation of the quality of the 19 kinds of varieties of
almonds was conducted. Results The protein content of almonds was 22.34 g/100 g, the fat was 35.93%, and the
carbohydrate content was 35.76%. The 3 kinds of organic acids, namely tartaric acid, fumaric acid and citric acid,
were detected, with average content of 217, 3.98 and 197 g/kg, respectively. The content ranges of total polyphenols
and total flavonoids were 0.54-1.94 mg/g and 1.42-15.79 mg/g, respectively. Oleic acid and linoleic acid were the
main fatty acids in almonds, with average proportions of 73% and 18%, respectively. The 18 kinds of amino acids
were detected in almonds, among which glutamic acid had the highest content (4.97 g/100 g), and methionine
had the lowest content (0.08 g/100 g). The main minerals in almonds were potassium (705 mg/100 g),
phosphorus (484 mg/100 g), magnesium (268 mg/100 g) and calcium (264 mg/100 g). The results of principal
component analysis indicated that the cumulative variance contribution rate of the first 4 principal components of the
nutritional components in almonds was 86.60%. Alanine, isoleucine, leucine, phenylalanine, arginine, oleic acid, linoleic
acid, palmitoleic acid, methionine and proline were important indicators for identifying the nutritional quality of almonds.

Conclusion There are differences in the nutritional components among different varieties of Xinjiang almonds, and the

composition and content of fatty acids and amino acids are the main parameters for evaluating almond quality.

KEY WORDS: almonds; nutrition component; active substance; principal component analysis
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2.1 EFESSTH

Xt 19 R HORM 2 RS IR R S il T gt b, 45
B 1 o, AREFE EAREAR ., IST KA
Yy e Y 4k 22.34 /100 g 35.93%F01 35.76%. LA
MBI IE 45 SR BR B HOREE (R & R e 20%~25% 2 [H],
PR E S AR IR ) LARISSA ZU O
SR, B HARMEAL . ISR E Y& 25 5h
8.87%. 69.72%1 15.89%, SAMFFEAM b, H&& 1B Ak
KAGE P& AR, BRI & R . WA IR g SRR,
AR SmFFEEEARBGSEERER, SEH&EE
25~66 g/100 g fif F 22 [, B EAHERE . A AR R
FrEAE, HAOMLEAE A 0.5%, JFHHARRE RBUYK
T 15%, UEHIASIR] SR L ER R RER . AR & s
PR . FE T4 BT 15 20.85%, 76 LARISSA Z17)
TS, B HARHRIER e BN 2.72%, TifE YADA %
HIEFSE R, FHE B A BREE A4S0 11~14 /100 g, X
2 AT RE SRR O B R SRS TR] . ABF5E R4 100 g B2
HARBRER AN 513.46 keal, M (P HEIERRESHKSE
(2022) Y5 RE S ORI 400 keal/100 g L FAES AT,
Hit, BEHARRERREY, 285 FB0ER.
22 FEGREDREEFFE

ARSI E T A R b B B PPl P R B 2 0,
F 1R, AR, BEARTSEEAR . & DR
BEIR, MAMA S A — & BRI 2 W2 5, 2 2
FRIFSY & B R T R $R IR P ads & =5 2 o fn 553
RBRFIAESRRR . Wl 1 IR 2, AHFTE APl £ IR Y 5 H v
76 0~818 g/kg, FHIME N 217 glkg, & T AN EAR N
By 53%, Ho AML7 AR & s, AM2. AM3 ., AM4,
AMS5., AMI10, AMI8 #il AM19 ARSI 0, B
BRA S JEFITE 1.38~9.12 g/kg, FHIME N 3.98 gkg, HT
SERER EEAR SR 42%, 55 TEER EEA M E
O EmEIMRSN AM17, AMIL, AMI15, AMS5,
AM4 AM7 . AMS H1 AM 18 APIERR I & S Bl 7E 0~523 g/keg,
SEEN 197 gike, BT EHEMEEARRM S 47%, 4
R ERMNESRMRAMS, AM7, AMI8, AM4, AM3,
AM6. AM2. AMI3 Fl AMI12, JHSHE [ 45U iF 5% & Bk
B N A R R, S BE 251 pg/g,
SR T EAR, BB RS EAE 1.42~15.79 mg/g, P
PIE A 5.76 mg/g, i T FIEME BARGFIL 32%, 208
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(FrEHEIMHAMS . AMI12, AMI8, AM4, AMS il AMI13, FRE, DHARPEGERET ., ZMMLT, ERRMHA
BETH S EVEREIE 0.54~1.94 mg/g, FHMEN 1.14 mg/g, R+l REDA 51OV BB 1% BF AR HLIX. 4 FhEHE HA
T EHEAE B ARSF& 47%, 55508 (& =& i A A R 85.33~141.66 mg/kg, WAL TASHIST [ H A
fK)AM13, AMI8, AMI9, AMS, AMI10, AM7. AM3, PR Z B TR A KT EAh, ELEOR IR S KRR Y
AMI16 Fl AM2, FRiET B HA PRSI F A T 5 AR E, R E B AR BT 40 ik 5 s

*1 EEEFRSEXR
Table 1 Table of macronutrient content

B BRI M8l BEOKIeA TR REREE R WdrE R K4y W5y [z
Ag/100 g) % % % % % % % % %  N(keal/100 g)
AM1 21.03+0.60 33214041 39.62+029  7.09+0.15 21.56+0.17 1.15+0.03 0.21+0.02 0.19+£0.01 3.88+0.03 3.24+0.04 496.38+4.22
AM2 22.69+0.69 36.49+0.72 36.69+0.53  7.98+0.37 22.46£029 1.65+0.06 0.28+0.03 0.24+0.01 2.39+0.03 3.09+0.01 517.52+5.78
AM3 23.09+0.58 33.51£0.72 37.71£1.05  8.10£0.43 20.63+0.29 0.91+0.01 0.27+0.04 0.16+0.01 2.26+0.05 3.19+0.05 510.50+5.85
AM4 25.02+0.59 35.61+0.55 33.97+0.50  9.29+0.47 25.05+0.17 1.26+0.01 0.11+0.02 0.11£0.00 2.77+0.06 3.15+0.04 497.86+7.11
AMS5 19.33+0.52 34.83+0.47 38.84+027  7.59+0.39 21.37+0.24 1.08+0.08 0.14+0.02 0.12+0.01 4.02+0.09 2.57+0.05 512.87+8.58
AM6 22.08+0.60 39.85£0.92 32.87+0.73  8.60+0.32 16.98+0.22 1.25+0.01 0.11+0.04 0.12+0.01 3.00+0.06 2.93+0.03 537.89+0.00
AM7 21.11£0.58 37.54+£0.76 33.7240.67  7.76£0.34 18.47+0.29 1.52+0.01 0.23+0.02 0.20+0.01 3.72+0.09 3.32+0.08 525.77+0.00
AMS 20.00+0.57 39.59+0.58 34.75+096  8.47+0.36 22.03+0.29 1.41+0.01 0.15+0.03 0.12+0.01 3.13+0.03 3.29+0.05 525.97+0.00
AM9 21.50+0.86 33.85+0.93 38.20+0.67 8.03+0.44 20.18+0.22 1.31+0.01 0.12+0.04 0.14+0.01 2.60+0.06 3.33+0.08 501.77+0.00
AMI10 22.98+0.82 34.60+0.85 36.16£0.76  9.24+0.44 20.22+032 1.02+0.01 0.06+0.02 0.08+0.01 3.59+0.08 3.30+0.09 508.01+0.00
AM11 22.3240.82 38.83+£0.95 31.78+0.68  825+0.44 21.77+0.36 1.45+0.01 0.13+0.02 0.16+0.01 3.22+0.06 3.35+0.08 521.11+0.00
AMI2 20.07+0.80 39.1140.86 34.92+0.66  7.34+0.16 23.66+0.29 1.19+0.01 0.12+0.03 0.12+0.01 2.86+0.05 2.62+0.09 529.34+0.00
AM13 21.84+0.79 37.65+049 35.08+0.74  8.42+0.42 21.23+0.29 1.53+0.01 0.11+0.04 0.15+0.01 3.00+0.05 2.65+0.08 521.49+0.00
AM14 25.56+0.79 38.12+0.87 30.63+0.81  7.32+0.16 19.31£0.29 1.07+0.03 0.10+0.02 0.11+0.01 2.95+0.05 3.26+0.06 529.80+0.00
AM15 19.74+0.79 40.34+0.93  32.63+0.68  7.16£0.24 20.02+0.22 1.22+0.01 0.09+0.02 0.11£0.01 3.70+0.10 3.15+0.03 530.49+0.00
AM16 23.11+0.86 34.08+0.82 37.47+0.82  6.41+0.35 23.33+0.29 1.06+0.02 0.12+0.04 0.15+0.01 2.82+0.05 3.13+0.06 503.19+0.00
AM17 24.54+0.66 31.04+0.65 38.72+0.82  7.96+0.38 17.51+0.29 1.56+0.02 0.10+0.02 0.14+0.01 2.71+0.05 3.54+0.09 492.39+0.00
AMI8 23.52+0.87 30.1240.87 41.36+1.00 6.51£0.36 21.18+0.29 0.98+0.01 0.11£0.02 0.14+£0.01 2.48+0.08 3.22+0.05 488.03£0.00
AMI19 24.93+0.81 3427+1.03 34.44+0.69 8.56+0.27 19.29+0.30 1.24+0.01 0.08+0.02 0.12+0.01 2.85+0.05 3.16+0.06 505.45+0.00
M 2234 35.93 35.76 7.90 20.85 1.26 0.14 0.14 3.05 3.13 513.46
brifiE 1.87 3.00 2.88 0.80 2.05 0.21 0.06 0.04 0.51 0.26 14.58
AR REY% 0.08 0.08 0.08 0.10 0.10 0.17 0.45 0.26 0.17 0.08 0.03
161
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Fig.1 Distribution of organic acid components in almonds
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Table 2 Table of main quality component content

o H A A1 1R/ (g/kg) Fr R/ (g/kg) & DR/ (g/ke) ST/ (mg/g) B2/ (mg/g)
e T ME PR THE RRfEE T AR T fE tREE T bR
AMI1 111.76 4.24 135.58 2.69 3.10 0.06 2.99 0.02 0.86 0.02
AM2 0.00 0.00 268.86 5.62 2.29 0.05 3.58 0.11 1.20 0.02
AM3 0.00 0.00 386.08 6.27 3.16 0.07 3.27 0.05 1.27 0.03
AM4 0.00 0.00 407.06 11.28 4.87 0.10 10.40 0.27 1.13 0.02
AMS 0.00 0.00 30.88 0.79 5.28 0.16 15.79 0.23 1.50 0.03
AM6 89.83 7.07 275.02 8.12 1.38 0.03 2.49 0.09 1.14 0.02
AM7 300.48 19.09 454.24 10.80 4.68 0.16 2.96 0.10 1.42 0.02
AMS 306.41 14.14 523.26 12.30 4.37 0.13 8.57 0.22 0.56 0.01
AM9 295.68 7.07 37.30 1.22 3.63 0.12 5.42 0.16 0.74 0.02
AM10 0.00 0.00 0.00 0.00 1.99 0.05 3.30 0.11 1.47 0.02
AM11 577.12 12.73 84.03 2.63 6.69 0.17 5.36 0.15 0.54 0.01
AM12 505.11 16.97 216.60 5.53 3.34 0.08 11.04 0.22 0.81 0.01
AM13 288.84 14.85 224.02 5.52 2.67 0.07 6.14 0.17 1.94 0.02
AM14 312.22 10.61 26.57 0.80 2.92 0.07 1.42 0.05 1.02 0.02
AM15 275.86 10.61 22.35 0.91 5.34 0.11 2.81 0.10 0.86 0.02
AM16 243.30 5.66 86.18 2.85 3.46 0.09 2.51 0.08 1.21 0.03
AM17 817.93 16.97 116.61 2.78 9.12 0.27 5.38 0.18 0.69 0.02
AM18 0.00 0.00 417.93 10.55 4.35 0.11 10.86 0.24 1.66 0.03
AM19 0.00 0.00 39.90 1.56 2.94 0.09 5.08 0.18 1.60 0.03

2.3 BEBFBRE S R & BAHE 100 pmy 259%-75%

I 1.5 IQRAHITEIH
R R AL B PEA G B TR E 1 R bR . LATEM sl — Egéﬁ

BRI, BT A R AR, Lo e & e i -

63%~78%ZIA], TWAMBR G HAE 12%-~27%Z 817, J2Ak o . sof

HERBRRIE. fE 2 WAL WERCS: DRI IMIR(ISDRE &

B EA R AR DR, o HOP A B 73% A ® sl

18%, FHorb, JAR(18:1) i tudie =i A Al AM3, S Hh i

78%, 5 IR EFI R AMO, (5 HR 65%; WilER(18:2) P

o7 He i A R AMO( HSh 26%), AR A SRl R

AM3( i b oA 14%) o B T il BR (18:1) 1 3F 3 B2 (18:2),
IBOURKI Z£8I7E L H A AP 4G - DU R (14:0) . AR
(16:0), FEHETMER(16:1), EAEER(18:0). MERRAR(18:3)F17E
AR (20:0), ASHIFFE H A HARTEIR (16:0) . FRHETHIR(16:1)
R (18:0), o HLIE IR 6% 0.5%F1 1%, LAFE
BB SE 25 R R, B EARHHER (18: D) AR (18:2) 2 5
SRR 90%, TS IR 2 AR (<10%)!' 1), X A
TR EE R — 3 AR SFP AL, JHER (18:1)FIE I iR
(18:2)I (2 AR K s ABIFSE FPOR[E A E], JHER(18:1)H1
IR (18:2) lAE P REAA7E 22 5, REIAHAUA S R F 22T
BORFERA sz, HARKIRSE | S0, AR
SR FE SRR R PO AT AR R B LA A 1
AR IMREARR, FI AR 222 5500

B GeRiwE iR TR
)%
B2 ISR AL & M

Fig.2 Distribution of fatty acid methyl ester components
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24 FEBREASREEHFE
2.4.1 RS AT

H AT 6T B B A LR L SR &5 = T I o 420
MR & R (3R 3), ZEIR B TE 14.16%~25.55% 2 [,
FEIME R 19.51%, %GRS 1(20.44%) 2 Rk
(18.16%) P o ABIFF IS 18 FhaILBR(E 3), & i
AR EIR4.97 /100 g), FfIRRY A2 (0.08 g/100 g).
BRBREMARGAERK . KB ERELEEM, FEHT%R
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Table 3 Amino acid content in almonds (%)

dh Al WHMBR  UREAR  DHEEERSIL LB JLEAEMmLI NEER ARSI

AMI 16.49 475 28.82 2.05 12.46 11.76 71.30
AM2 17.97 5.00 27.84 2.39 13.27 12.89 71.72
AM3 17.12 4.96 28.97 2.14 12.48 12.35 72.15
AM4 17.62 4.93 27.99 2.31 13.10 12.89 73.17
AMS5 15.16 426 28.10 2.01 13.25 10.97 72.37
AM6 22.71 6.45 28.39 3.20 14.08 16.97 7474
AM7 2242 6.24 27.82 3.09 13.78 16.65 7427
AMS 16.71 477 28.55 2.15 12.86 12.31 73.67
AM9 22.95 6.72 29.27 3.21 13.99 16.93 73.74
AM10 14.16 421 29.76 1.79 12.66 10.09 71.28
AMI11 2533 7.19 28.37 3.60 14.22 19.15 75.59
AMI2 20.34 5.72 28.13 2.68 13.16 15.03 73.90
AM13 16.22 4.60 28.33 2.03 12.51 11.70 72.16
AM14 21.26 5.95 27.97 2.86 13.46 15.49 72.88
AM15 20.66 5.87 28.39 2.83 13.72 15.38 74.45
AM16 18.52 5.32 2871 2.46 13.31 13.36 72.14
AM17 25.55 7.29 28.53 3.55 13.90 19.24 75.30
AM18 18.46 4.97 26.94 248 13.44 13.16 71.28
AMI19 21.06 5.68 26.98 2.83 13.46 15.14 71.90
EHE 19.51 5.52 2831 261 13.32 14.29 73.05
PRz 3.31 0.93 0.01 0.54 0.01 2.66 0.01
BRRH 0.17 0.17 0.02 0.21 0.04 0.19 0.02
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FHEF (R R R KRR KA R > 5 E > TR N
iR > H G > T A >0 S > 5 > I > 24 >
O > i S > 2 > T A > IR R . T LR S
Fo A RE A Bl A 1 B S AS B 8 R ML T 22, 0
H AR AR B R SR, SR . RN AR . &
. HERR . RER . SRR ERRTEN 7 R,
Wk 3 PR, EEHARPUNTFEIER SN 27%~30%, B
IR h T H LR 5 B LR LU (E(32%-34%) ) 25
BIMROUSE R E R AR . HER . EER . 2R .
BEER . RNER . B R . KRS 9 Fhal i, 4t
FEOUIARSE- 5 i B B AR, TR et B PR & R 24
bR R A T AR LR S IR R A L ALK T
FEAREARKBEI WS EHE T EEE AR
IR, IR E R AR AR ARG TEE
AILEEIERR ML AT b (& 3), BEARPEH
BE KR 25 AR, & I E AT 73.05%, 85
FECK 0.02, FWIR R SRR AL )25 28R & K F
Weshi /N, LB SRR N I E R 13.32%.
242 RABTHRMEFN

FRUERCHAR A AR 412 (Food and Agriculture

Organization of the United Nations, FAO)F 5t T3 4= 2H 21
(World Health Organization, WHO)7E 2013 4FE#% H A%
FERKRT 3 BRIBILE . FOHERNATT R E FRR
i = 2 E

MR 4 AT, B EOR TG R B o IR T
FAO/WHO XI R LT | 5 /D4 S AR N ESR . AL,
EEARTCEME 3 & KLL FARRE LB S SAE A LT 2
FERIEFRTE R, T 5 H A B YRS A& T A R 2
AME SRR T B BB s B MR 2 T A L R A5
1 BRI 2 EERR(0.40~1.49 mg/g). X5 SERON 5B HIF5T
2 — g, (HH DR 5E P B BOR B S i E ER K O TR
0.02~0.11 mg/g Z 8], HIHAWA IS EILm & IEAR,
25 AREMSH

XA R 25 BRI E Y & S TAE OGP E AT,
4 MAHE 2T (0,378 FH SR DG B EAE DG, Bia i vk BRI
FAERM: REOMTE R, BRI bR Z A M i 22
S G5RWY, ERRNIMR T, FRAER (LS Ik R (P<0.01)
FEE NG R (P<0.05) 5 i 3 IEAHOC, SM R 2 4%k 2 3 11 M
K(P<0.01); AFHEVHER SHERGRR . KA MR Al A R 2
W AHIC(P<0.01), SRR . HER . AR .
SRR . WA . HER . FERF IR 527
HHK(P<0.05), SRS 3 IEAH G (P<0.01). REARAR A

*4 BEALFREBRAMKEERSF(mg/g)

Table 4 Composition and comparative analysis of essential amino acids in almonds (mg/g)

ZH 5 RER  WER EARCENRER SRER S SER RNEARHRER  BER AER
FAO/WHO FrifEBI 61 40 23 30 25 41 48 16
AM1 11.53 772 0.76 6.65 4.13 14.98 6.53 4.19
AM2 12.69 8.10 1.49 7.13 4.15 17.40 4.94 4.65
AM3 12.04 8.24 0.79 6.92 4.70 14.88 6.67 3.39
AM4 11.98 7.84 0.78 7.02 3.91 16.57 6.56 4.41
AMS5 10.38 7.07 0.85 6.12 3.94 14.86 4.19 4.29
AM6 1578  11.10 0.78 9.05 5.05 21.56 8.34 5.05
AM7 16.07  11.22 0.40 8.53 5.78 21.88 5.80 5.95
AMS 11.10 7.34 0.94 6.56 4.05 15.28 7.57 422
AM9 16.90  12.26 0.73 9.05 5.40 22.05 8.12 5.37
AM10 10.21 6.52 0.51 5.82 3.65 13.99 6.27 2.92
AMI11 1777 11.77 0.82 9.56 6.09 22.71 10.81 6.88
AMI2 14.56 9.82 0.50 8.14 5.14 19.27 6.27 5.37
AMI13 10.94 7.13 0.74 6.42 4.17 15.57 6.18 3.31
AM14 14.68 9.54 0.77 8.24 4.66 19.96 8.36 5.65
AM15 14.14 9.85 0.76 8.41 5.30 20.26 6.46 479
AM16 12.82 8.30 1.26 7.17 3.85 17.56 8.15 5.18
AM17 18.33  12.60 1.12 9.38 6.05 24.80 8.97 5.52
AM18 13.65 8.40 1.00 6.92 4.10 17.37 3.91 5.10
AM19 14.56 9.52 1.07 8.31 5.06 19.52 5.32 5.27
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Fig.4 Correlation heatmap of acid compounds in almond kernels

FERMER | R S U DG (P<0.01), SEIhmR . H
TR, NERR . MR . 5o s IR 2R 20 B 2 1EAE G
(P<0.01), SAEZIR . MR . RNEAR . W2k . 2R .
BRM . 2HWR . HERA KL R R D (P<0.05);
TR SRR . WIliR . e, iR, FreaRmig
AR W AHIE(P<0.01); HREAHAR  ZE R . A
B, WEIR., ZHER. MER. FNER . HERAIEE
iR 2 i 2 A 6 (P<0.05); WhPR S H &R . SaAmR . 75
FAR NI IR 2 IEAHDC(P<0.01), HRAAR 44
IR, BElE. WA, &R, MER. RNER. H%
PR FIUHS R 5 i 38 M0 56 (P<0.05) . [ T IR R A AR &R, JF
A AR I A DG . I M 2R 5 R R AR
1E #H 56 (P<0.01), 5 I fh &0 5L 2 5 2 4 B 3% A ¢
(P<0.01), FPIERRFIHADFR IS T AAHSE(P>0.05); Wi AR
PRAGIRR . IR . R . FrERRIMA IR IS B A
K(P<0.01), Hrh, 5o 20 R E A (P<0.01). &
THIR I AH S M A 3 50 A TR — 3, (B S50 &0 A A 26
(P>0.05) HAHIEHE BT AT 20, AS[E P BRI 5t 0] BEAF A2 R
WG SES, HITZH I8 5 W BE 351 7%
HeMEEE T
2.6 WA REEFHE

e E AR TG T KB RIS S B, SRt
TEBEMRIR B . FEILBEREFWRET 9 fhFEE
HUR S B Se B B R BARAE, b T 5 B R,

&

B E AP A T2 W1 B ER(705 mg/100 g) | (484 mg/100 g) .
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TR YT g HH(9175.88 mg/kg) . BE(6135.54 mg/ke) .
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MRFsE W, B HAB SRR mg/100 g), MR & 4
(700 mg/100 g), Mo A5 HAE I A 1 P R ¥ 5 B 2L 1Y)
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R (13 mg/kg) P EER SR AR b B B AR
WIHA 41.91 mg/ke, HERERNBF AM14, B&
A3k 68.69 mg/kg. WANG ZIhiigy vh ik 81, 1 H oA
AR IR, BR T 8:(44.3 mg/kg), BERNOUSSI 432
EL HUR TR T A DG PR R BLRE % AF B IR e 2 &
HTE 25.36~113.50 mg/kg Z[f], ARBFSE HPERTR BAZREH
R FZG YAy, ISl R B m K, 1
94.47~142.70 mg/kg Z [0, BAIKEL, A PREEARY
VTR AR, 250 s & K F- 5 IBOURKI 25
A R LE R —5k, BURRIMLIX B E AR 0 W i A
B OBERNEE, A EIEN. B BERAL.
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