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Abstract: The contents of dietary fiber and polyphenols in pine nut skin’were measured, and then pine nut skin was added to yogurt

products to determine its effects on the physicochemical characteristics and sensory properties e yogurt. The results showed that the contents
of total dietary fiber and polyphenols in pine nut skin were 72.14% and 16.7 mg/g, respectively, and the 2,2-diphenyl-1-picrylhydrazyl (DPPH)
radical scavenging ability was up to 97.8%, suggesting that pinenut skin could be used as antioxidant dietary fiber. Through single factor and

orthogonal experiments, the determined optimal process conditions to prepare pine nut skin yogurt were 7 h fermentation at 45 “C with 8.0 g/100

g sucrose, 1.9 g/100 g pine nut skin, 0.1 g/100 g starter ¢ 2:0 g/100 g milk powder. Compared to the yogurt without addition of pine

nut skin, the whey precipitation rate, water holding capacity acidity, pH, and texture and product acceptance of pine nut skin yogurt did
not show significant differences (p>0.05); whereas DPPH radical scgvenging ability, hydroxyl radical scavenging ability, and reducing power, as
well as taste, flavor, and color were. significantly improved (p<0.05). The application of pine nut skin to yogurt products could increase the
dietary fiber content and the antioxidant activity of yogurt, without compromising the quality.

Key words: pine nut skin; yogurt; dietary=fiber; polyphenols; properties

VAR B4 iR, UM
T, AEHL TN, AR TR,

MRUPEHEE TR RMEMSEEE R —RIIDIRE
it BRYSPIIFLRE B iETge . Efis g

e B TR ARG A BRS040
Bt WA, R SRR i e AT R 2 )
J5t, WM Tl v B USSR AE PR
Y ZmF R A TAE RS, B RA TS,
MG PUBhBKAEL . B 6T Lo 55 AU Ca o AL
TOEZFAEIIIRE, (SRS T —
SE L

WiFsEER: 2017-04-12

EETE: HEBRIMLAZRZECFIZIRITIE (201610225169)
fEEEN: BB (1994, &, AR, HRAME: MEEEERFL
BIREE: BEL (1968-), &, L, BIHGE, MAE: RtaRF
%

i e e N AT RN, BRSO BERE - W5 (7L
BEAT AR 11 53 70 AR5 2 5 T WRSE, ATk b LB AN A »
EREIRIS TR R AE R P E IR, D IRTS . 4
Pt SE M R s R LA A T SR e S 1 e AT,
BEMTE T E A ad AT FEE TR 25 sl
K, NRITEPOW S MR BN, CiZb N
AUFAhTERE R, SHHULEE SRR R g R R S T
DR FF . B BIR Y KB AR R . B U aas
% AN NEE, (ERRYIRIETH ST O, 527
TR, AR LLRRR BA R AT RETED AL RR D
ity FHREAT L AR AR E

AT CARAA R B R, AR M A R

133



MK EmBHL

Modern Food Science and Technology

2017, Vol.33, No.7

TR s e, SIS BT RSt
o RN T IR SR, JREE BRSO AR
ISR Qo) i FRACPE BT . BRI AT M 5
Wi, SETTRE S PRI S 2T 4R H DhRe MR 4]
fhs RAELLRARR R A RIEL,  Dukad =R B2 AN A
SRS -

1 HRSES

L1 AR5 a8

1.1.1 A+

Pk, BIRTTA MR = TR AL K (g
PEEEREE . CRINRNEZLATERD, T E WS /RIS A ]
gy, FRPHERB R IR AT
1.1.2 X7

CEE. KWy NER. AR, EARTRE. —FRH
BRI, 2-(-TE MR . KR #ERE o-
VERNEE . JER AT . S TERARE . AR
WAL BREALAR. BREREE. BREREN. WHERESALRYER
N N P oy A Al
1.13 &

ALC-110.4 Ji%r 2 —RFRINT ZRAEACERE
FRAT]; HZQ-X100 k%15 7= AN IRV B BT (A%
J s KSW-5-12A By sy FEFa il 2% LI ARdE S50
HIRAF; SHB-IIG B2 FEABMKIFELLS
H; YP 1410047 1R FHAGRMX AR
F]; DHG-9240 HAVE R X FEAH il —1E
FRAF; DK-SD HLFAVEIRZKAE - —ERH A A
A]; KQ-300DE #4775 i s E I Tl A A A
PR 722 BUa] WA B TR A

1.2
1.2.1@»&%&%%&%

IMEZET 45 CHER TR T, 5k, L&, 158
FIMMEA R, B 120 B, 258, B REE
o
122 A=A B B 7y ik

(1) 7K43: KH GB 5009.3-2010;

(2) K43 KH GB 5009.4-2010;

(3) HEHAF: XH GB 5009.5-2010;

(4) fEWi: XH GB/T 5009.6-2003;

(5) RFE: KAEm-aiED,

(6) BERLT4YE: nIIEERE R4 4E(SDF). AN
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JiE B 4 4 (IDF) il & i & 47 4 (TDF), R GB/T
5009.88-2014;

(7) ZEyEENE: KM FolinByk?, LIk
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FEAE FIbRAE I 2 24 T RN -

3=0.0131x+0.0067, HH<HE R>=0.9985.,
1.2.3 DPPH & s A& A A e
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AT H . .DPPH
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WP A RE 02 ni, 2

DPPH: ZESVEW, 7857
VRA], EEIEREERR 05 h, Bl 3000 r/min 550
10.min, 7E 517 nm RJERSEIE. 2= A4 DPPH

JEEE (AW E : B2 mL T/KZEE, n 2 mL
DPPH- aﬁ%‘?&:ﬁﬁ?‘%@ , 1E 517 nm KA E v

VR 2O AT B SR EUYIRE SO P (A ) M E -
T FIRERBEFRE % 2 mL, M 2 mL To/K 2B,
RS, JAEEG, SRJELE 517 nm FIEROGEE, H
DAHERRIE S AR B 0TI 5 25 SR04 diian At
SLLTRARR R Z Ty 3B % DPPH H HHIEERR R

A —(4 - 4,)

S(%) = x 100%
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BRI ES RS ik, BRI R
& 4 FLo A=A B Ao S ST S o Ha
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Table 1 Orthogonal factors

ORI BEEF DERE ABHSE
e /h (g/100g) /(1008 /(100 g)
1 5 6 1.9 0.09
2 6 7 2.0 0.10
3 7 8 2.1 0.1
4 8 9 22 0.12
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R BRI TR~ ol e s I B A R DR 2R e Lo(4%)1E
Zsempt, 2% 1.
1244 BEN I

HZL10 VN RO R T ICE VMY, SRAH 100
I3, ARABRERWIA B (30 43D+ AR50 (30 43)-
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Table 2 Sensory evaluation criteria | 4

R TEAT

AR

EHGUAZFE, REHAFTAE
2BE, GFBEX
2BE, BFRERTHY
Hake, Lemt, RERT

&% (30)

BABAILEA k. SRR R AR, Bk iR )Rk

ok 5 ZK(3040) BT, ;%vﬁwivﬁﬁéé, AR 18~24
1T AR SR AT A S Bk 9~17

T BERRAK 1~8

W mIN, Bk F RS RRE, A EIFHH 32~40

M, BRI, REE, HVEILAAE 24~31

LKA (40 4) LRARE, R, RAE, RILFT 16~23
R, R, AAR, RETRSE 8~15

WA, R, AREARM, JUEIESE, Ak 1~7

1245 77 A AR RRAE HLAS

123 25 A4 PHUT BURRR BB WA HE AR )
BERRWY) BEATHESZ A IR AR B RHIE LU, R
PRELE, WRUGRREIR (9). AR SN B
B AFHEAR, FHAENR, BAER. ERAE
IREASERANEIR (1) 7 A NERIG TP HE 32 . 0K
M, HIBMEFEHIT RS, DORSEIE R4
UL
125 B

1%: E?3.34-2010 WFE -
1252 A IHE

SIECCERL FHES OV BURFINRE 5 mL, FHIsE R
Wi, BN LHL, LA 3000 r/min 2.0 30 min J5,
BUH B0 E 10 min, FRZ LIER, WERRYINIE
B2 W, BRYFKIFE T

K F1(%)=(W/W)*x100
1253 FLiGHT 2R p0E

ZIESCEY, RifEE, 4 TR, #4100 g
g/ NN 120 Had 38R RIR -+, A 100 mL
AR LT, WCEERTIAN 2 h, S STUCEER)
FIERE, AXN:

@l

ST H 2R (Y% )=FLIB BT HH B (g)/ B i T i (2) < 100
12.6 BRAGEZ B b ARFREE A 69 mE

R WRE SR I 2 AR AR IR Y 5.0 g,
50 mL Z&1H/KFRRE, WA, TRANELAL, BA 3000 r/min
20 10 min, HUHELOE, §E 2 min, I RIERE
2524 100 mL £5 .

TE [ SAA 22 AR YN 9% 107 moLL/L ] FeS04 ¥
W1 mL, 9x10° moL/L [K/KMME— Z BV 1 mL,
J 1 mL IR O RRYEE SR 55 N 6x107 moL/L
1) HyO, 1 mL, JEZNRN, 37 CREHRMN 0.5h, {E
510 nm ] 52 B FRYEE S RO T, 25 (2 LA ]
FAZEIAKARE BV, 4% B SRR X -OH 1
TR

OHIE (%) = o= (A= Aw)

x100%

XF: Ay TORABAE; A, WMANBIH SR
HBRIE; Ay, Fhm HyO, Bt BRIAAE R b KRB

LA Ve fENbRiES, 32 Ve i (mg/mL) ¥
H LSRR MO R R
1.2.7  BRAGIE R e 77 69 2

FE B 1 mL SRS ERE T, A 2.5
mL IR £522019(0.2 moL/L, pH 7.4), 2.5 mL Z&E1L
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BIE(1.0%), IRES)EET 50 CHER/KA ORI
20 min, HUH, BEAE, IO 2.5 mL =& LRE
(10%), &%), T 3000 r/min 250> 10 min, WRHL |
B 2.5 mL T H—EH, A 2.5 mL Z18/KF 0.5
mL =& EER(0.1%), IRE)GHE 10 min, T 700
nm AP 5E AL

12.8 BRIBRMHAT

435K 100 mL BRYYE T 150 mL BEHERE (2l
80 mm, 424170 mm) 1, FJFAA{Y R/S Plus &%)
WA, e 2 IGE 10 mmys, MHREE 25 80
mm WE YA, BRT—X A

= 3 FishkhSHEN
Table 3 Meaning of texture curve parameters

A 3L | 4
R & FHEARK S, PTEIETSZHGERS
REJE A 5B 8T A b A E AR
Vo e R K A, A TAE TSNS
ElEEEE 13 F 5T R4 R EAR, R T H kA,

iR ) 64 KA

1.3 HdE AT

K Excel XT3, Brfse R4+
FrifEZ, F IBM SPSS(22.0)3H7T BN K T Z40HT, %
J i B VIR Y p<0.05.

2 HERSSH

2.1 MR A R AT

XA B A2 R AT 08T, AR WA 4s
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Table 4 Chemical composition of pine nut skm

A Bz

BJER L4 (TDF) 7214+0.13 /
R HIER 44 (IDF) 63.44+0.45
TIAMERLT 4 (SDF) 7.64+0.24
Fak - 5.42+0.14
2.41+0.10
6.75+0.01
8.66+0.16
Mol b 1.7120.49
584 B/(mglg) 16.7£0.20

MR 4 FEL AT R b i B R NI B A4,
M ST SRR 72.14%, HREERE &4
(IDF) {4 63%, WAEMEREELT4E (SDF) T 8%.
AR oG KRR B4Ry, R
VENE &Y 727

22 IM=AbE ZErEER DPPH B g ARG %

*
ST AT PR B4, A
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1 FRAPAEZE!SNJ iy E2 DPPH E 44T 7775

O 32 A T e g,
7o VU VE fEbsdEG, 35] VE #RE (mgmL) 5
PPH, [ Hi 58 BR 2 ARt th 26 e 7 R
y7.352&2733, FHE R R*=0.9964
3 R AN TR FE B ) DPPH iR %, Jh5
VE Wi Gt AT s, S5

100

80 y=7.352x+2.973
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Fig.1 DPPH radical-scavenging activities of Vg
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HIPE 1R 2 TR VE FURRE S IE RAFIOIEG R R, IR AUR R R DA R IE
DPPH [ HISEAE Sy, IR ELEBRAE BRI IORIINIT St ALk
WK, VE WRERIZ A K515 6.40 mg/mL. 2.00 oy B .
mg/mL LL_ERS, DPPH [ HAEERRHIGEIE 50%. sa Y -
Angela Tseng!' VERFALE IR 1 HEEHE MY 7 v 5
T 50 mg VE [ERFELAIIN A hAERHIRAE ) (mg i i

a-tocopherol equilibrium/g) A 91.78%, ANSLLS H HHFETE o s T e T
%6 J1(mg TE/g)T 97.8%3 /L BLE K . Saura-alixto e e
TR IE I B 2 4 5 5 o SRR IR A o i B Y o ; o T
50%U b, FLIERHEA [ KSR/ B AR /T, & 8 o
57 ADF FHT4EALAS 15D HIA T 200 mg VE, [ H T
SEERAE DRI T 50 mg VE, EERMEFOATTA ' s o
P Ee P40, I\ 5T LU Hh A S0 SR (- o -
AU EreF 4 5E X o o T e
23 BOHET L AU j
231 ARBIBEEF TR T T T T e T
MAMCFP RN G . RIS INE . REER (). B & 3 FREZEMEEIFNAIS N
WHINE . WP IS AR 75N A 2 5 TR W I B PR Fig:3 Effect of different factors on the sensory evaluation
I3 BL DR 3R SR 4 R LK 3. 232 FPRERWIE R FIe s Ry
WK 3 fs, R BR WY R T [R]85 IE R 9y L s RS fik 6 nfLAE H, ZEATRYIN) DPPH J&R

HRHEK:, X5 Marta Bertolino' MBI Y in AR EARE VP, B BEEST, SREX 4P R
T JE R GEK Y 6.5 h, T8 s R AT R 2 IR AR R : B>C>D>A RIIIBE R0 72 i b o
HOIIN TG e SRV Jo R BERT T)AS D 7 h & S — (RS2 R, FCCRRR RSN, R (RS2 MR )N o
HIFEEN 8%, FRUIKBAACREL, S& PRALI T 245 5% : A3B3CID2, BRI AR HE 8 /100
TR W PR R, 15 HREER g MR 1.9 g/100 g, KB 0.10 g/100 g, K% 7
TINERHEE IR LR ER.>0.05), REFAN  h fEH T E 404 T H &SRB ATM—F R &1
T RIERTTE] npE AR s i DU AN R 3R R 5], REATRYINA LA RIS A MR AR
PEOHBETW (p<0.05). Kk, #ERKBEREN TRk, HIVREHE], EEGEE SRS .
45 C, WMHRNINEN 2%, FEIGERPRTRXS AT A

5 L (4) EXXLHR
Table 5 Lo(4*) Orthogonal experiment table

T AL AodEE Bi(g100g)  ATEFAIE CAg100g) KEEAE D% DPPHEMREY% AREIFH
1 165) 1(6) 1(19) 1(0.09) 20.12 75.41
AN NI 2(7) 2 (20) 2 (0.10) 23.19 76.25
3 1 3(8) 3(2.1) 3(0.11) 2427 79.43
4 1 4(9) 4(22) 4(012) 25.18 84.72
5 2 (6) 1 2 3 37.42 83.68
6 2 2 1 2 36.65 85.14
7 2 4 1 4 4052 85.32
8 2 3 4 1 4322 79.13
9 3(7) 1 3 4 63.43 88.71
10 3 2 4 3 58.93 89.43
1 3 3 1 2 60.13 91.43

HTR
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BER
12 3 4 2 1 63.65 84.12
13 4(8) 1 4 2 44.34 80.34
14 4 2 3 1 48.52 77.65
15 4 3 2 4 37.37 79.12
16 4 4 1 3 43.86 85.55
Kl 101.76 17431 169.76 184.51
K2 157.81 167.29 161.63 168.18
K3 246.14 164.99 176.74 164.48
K4 174.09 17321 171.67 162.63
R1 144.38 9.32 15.11 21.88
K5 315.81 328.14 337.53 316.31
K6 33327 328.47 323.17 333.34
K7 353.69 329.11 331.11 338.09
K8 322.66 339.71 333.62 337.69
R2 37.88 11.57 14.36 21,78 i,
F 6 EXTWERAEN
Table 6 Analysis of variance for the results of orthogonal experiments
I ERR Tk oA d” AT F LEH
s X 2747394 Y 231.% 84.202 0.002
R 334.844 12 27.9 6.674 0.072
‘ X 28883.003 1 28883:003 10530.289 0.000
o R 109797.793 1 109797.793 26263.187 0.000
A X 2654.8% 3 884.943 322.636 0.000
R 204.94 3 68.314 16.340 0.023
X 15.329 3 5.110 1.863 0311
b R 23.376 / 3 7.792 1.864 0.311
X 29.580 3 9.860 3.595 0.161
¢ R 27.579 3 9.193 2.199 0.267
74.657 3 24.886 9.073 0.051
™ 78.946 3 26315 6.295 0.083
X 8.229 3 3.743
X ‘ R 12.542 3 4.181
s op X 31665.625 16
R 110145.179 16
wedy | X TR
R 7 WA REEIN S 3 ERER N MRR AL
Table 7 Comparison of the qualities of pine nut skin yogurt with control yogurt
7 quﬁﬁ o é%;iﬁ i ﬁﬁi}i oH a}li//e/‘ff*ﬁ DPPH/ /%,—er ;lgjréi TR AA)
TR 14.0£0.08°  75.9£046°  105.10+0.16°  4.46+0.72°  027+0.14*  36.70£0.14°  36.76£0.01°  0.02+0.00"
A& 13.9£0.08° 755019  10530+0.15° 4.42+0.04*  4.87+026°  60.07+0.12°  60.89£0.01°  0.08+0.00°

E: B3 AR F AR 0.05 KF LA RFMEF.
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24 MRk R EBR Y & AT

HI 7 T DA HRAA A B R 1 55 AR I 5 PR
PEFIENTH . FK 0. EBRFEA pH J5 A
225 (p>0.05), Ui BAF BRI ORE 1 IR BRI R AT
i, FURAEIE, BRIESR D, EREbET. AR

IR FLIFHT AR KA BT, (E25 A
B3 (p>0.05), FEHIINIAEAFBR TR LTI IR AR
I BB IR W S R S 4F 4R 55 . DPPH &
R FREERRR AR A BE SRR (p<0.05),
VEHIZLRARN B AN v i R B £ 44 25 R ) [
WY 1 IRYIPURMIIRE -

7 8 BRYIBALSIHT
Table 8 Texture analysis of yogurt

3 E B E g FEE/(gs) B M/g LEE L 4
%ef B8 BR A7) 30.88+0.54* 649.8240.14° -20.050.04% -38.20+0.217
i Sy 31.80+0.28° 650.49+0.45° -20.12+0.03* -37:83+0.12°

E: B3R FEATHIEA 0.05 K L EA B EME R,

M 8 BRI /I AT LA HY, Aoft B R WA e
FRUSTERERE . REFE BEERVEARG I FR 207 T o 2 2 1t
Z5 (p>0.05), IR T B I BR Y 54 TS
e AR

2.5 g MM RCE FRAE LB

AE77, BRIRYIH
TEHTHE KK

P A R
) A

BH TR i

(10 AT B8 SR AR A7 ] f R E2,2013,12:20-20
mEEl HE Li. Nuts as close as possible [J]. Health Management,
Bt s & s Fuv 5 . MERE < 3013,42: 020
2] SRARAE R SRR, MR S B SR E MRS
s AR PERRGELI]. £ it TIERHE,2014,35(23):252-256
% al ZHANG Gen-sheng, HOU Jing, ZHANG Ming-dong, et al.
Research of extraction and antioxidant activity in vitro of
2+ ’ polyphenols from pine nut coat [J]. Science and Technology
L of Food Industry, 2014, 35(23): 252-256
gt nmo ok (GRE S N [ Bl TR R, KR 2 BN R )
4 P RIEZ MR EYFELL L i AR,2010,31(9):288-291
Fig.4 Comparison of product acceptance and sensory features WANG Zhen-yu, ZHOU Li-ping, LIU Yu. Effect of apple
A RBl—F @ AR TR 0.05F LA 25 polyphenol on lipid metabolism in mice [J]. Food Science,
£ 5. 2010, 31(9): 288-291
Kl 4 SR TIRE VY RUSHIRE VY, 7E (4] BkEAAEYIZ W7 S S LS RO TR R (0] 47 i
IR ORATEPE 5 T et B R O ATONS A R W 7 e 1 fIIT.,2011,4:99-100
W %0.0 P2 MR ZURES 2 R A B3 YAO Rui-qi. Research progress of plant polyphenols
(p>0.05D, W\EﬁSL% SO T IMANASEAR BRI AN e classification and biological function [J]. Academic
EUEEEREMR, R WA IRRES, HRKE Periodical of Farm Products Processing, 2011, 4: 99-100
IgafGt, BEas N, 7= b s R [5] Sarrid B, Mateos R, Sierra-Cinos J L, et al. Hypotensive,
3 4 Ei é k hypoglycaemic and antioxidant effects of consuming a cocoa
product in moderately hypercholesterolemic humans [J].
Fa A= b R i B 2 4 &5 vy A B0 1 7 R Food & Function, 2012, 3(8): 867
DPPH HHIERIGES, A UMENPUANRE &4 41T [6] SokO Lle Towska A, Oszmian Ski J, Wojdyo A. Antioxidant
NH . PR R IREE L2544 VA 8.0 activity of the phenolic compounds of hawthorn, pine and
g/100 g, FAMTFRRZFY 1.9 /100 g, K F#57 0.1 g/100 g, skullcap [J]. Food Chemistry, 2007, 103(3): 853-859
ks 2.0 g/100 g, RIBIRE 45 °C, KIEHIE 7 he [71 Mazahreh A S, Ershidat O T M. The benefits of lactic acid

Py R BINNAESR IR YOG AT RS B PURAL

bacteria in yogurt on the gastrointestinal function and health
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